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BOOK  YIII. 

EIGHTH  PALEOZOIC  DISTRICT,  OR  ANTHRACITE  COAL-BASINS,  &  ENCIRCLING 
BELTS  OF  THE  OLDER  CARBONIFEROUS  ROCKS. 


INTKODUCTION. 


POSITION  OF  THE  ANTHRACITE  BASINS  IN  THE  MOUNTAIN-CHAIN ;  LIMITS  AND 
SUB-DIVISIONS  OF  THE  DISTRICT  ;  STRATA,  AND  THEIR  RELATIONS  TO 
THE  TOPOGRAPHY ;  CLASSIFICATION  OF  THE  COAL-MEASURES. 

Having  in  the  several  foregoing  divisions  of  this  work  described  aU  the  Palaeozoic  strata 
within  the  State,  from  the  base  of  the  system  to  the  top  of  the  Ponent  series,  I  shall  proceed  to 
set  before  the  reader  the  geological  structure  and  contents  of  the  very  important  district  which 
embraces  the  Anthracite  Coal-fields.  To  acquire  a  full  and  clear  conception  of  the  nature, 
distribution,  and  positions  of  the  strata,  it  is  essential  we  should  take  a  comprehensive  prelimi- 
nary survey  of  the  region,  see  why  it  occupies  the  place  it  does,  learn  its  boundaries  and  subdi- 
visions, and  trace  its  formations  under  their  variations  of  composition  and  thickness. 


GENERAL  STRUCTURE  OF  THE  MOUNTAIN-CHAIN  IN  ITS  RELATIONS  TO  THE 

ANTHRACITE  BASINS. 

The  whole  region  from  the  Southern  part  of  the  Atlantic  Slope  to  the  Northern  border  of  the 
State  may  be  viewed  in  a  broad  light,  as  composed  of  two  great  systems  of  crust-undulations  :  one 
group  entering  the  State  from  the  N.E.,  and  expiring  between  the  Schuylkill  and  the  Susque- 
hanna in  the  Southern  half  of  the  State,  and  between  the  waters  of  Pine  Creek  and  those  of  the 
Western  streams  in  the  Northern  ;  the  other  occupying  the  country  W.  of  the  main  Susque- 
hanna and  its  W.  branch,  and  expiring  North-eastward,  within  the  same  districts  as  the  first — 
the  two  sets,  indeed,  interlocking  at  their  extremities. 
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The  waves  of  the  first  or  North-eastern  belt  are  for  the  most  part  comparatively  broad  and 
gentle  flexures,  and  except  in  the  local  group  of  the  South  Mountains  east  of  the  Schuylkill,  they 
do  not  lift  relatively  deep-seated  formations  to  the  surface.  The  other,  or  South-western  set,  on 
.the  contrary,  elevate  at  intervals  the  lower  Palaeozoic  rocks  tlu-oughout  the  entire  breadth  of  the 
middle  zone  of  the  chain,  from  the  Cumberland  VaUey  to  the  Bald  Eagle  Mountain,  the  corru- 
gation of  the  crust  being  in  much  steeper  waves  in  this  quarter  than  in  the  other.  In  the  district 
S.  and  S.E.  of  the  Alleghany  Mountain,  the  subsidence  of  the  two  systems  of  undulations  here 
mentioned,  towards  each  other,  causes  the  whole  tract  of  country  lying  between  them  to  contain 
a  greater  depth  of  the  stratified  rocks  than  either  of  the  more  corrugated  districts  themselves 
possess.  The  general  erosive  action  of  the  oceanic  waters,  disturbed  by  the  billo^\"y  oscillations 
of  the  crust  and  the  permanent  uprising  of  these  belts  of  anticlinal  flexures,  has  planed  down  to  a 
nearly  common  level  all  portions  of  the  uplifted  zone,  so  that  that  division  or  segment  of  the  chain 
which  received  the  least  amount  of  upward  movement — the  district,  namely,  between  the  sinking 
ends  of  the  two  systems  of  anticlinal  waves — was  the  most  protected  from  denudation,  and  retains 
the  largest  proportion  of  the  strata  originally  deposited  on  the  highest  formations.  It  is  in  virtue 
of  these  conditions,  namely,  a  less  vertical  upheaval  and  a  less  depth  of  denudation,  that  the  moun- 
tain-chain here  contains  between  the  two  regions  of  more  prominent  anticlinal  flexures  a  broad 
tract  of  parallel  synclinal  basins.  Thus  it  is,  that  low  on  the  Atlantic  Slope  there  exists  in  this  posi- 
tion the  deep  synclinal  trough  of  the  Montgomery  and  Chester  VaUey  ;  that  a  little  further  to  the 
N.W.  there  lies  between  the  terminations  of  the  North-eastern  and  South-western  anticlinals,  or 
those  respectively  of  the  South  Mountains  east  of  the  Schuylkill,  and  the  South  Mountains  west 
of  the  Susquehanna,  the  broad  plain  of  limestone  and  red  shale  in  Lancaster,  and  the  counties 
adjoining ;  and  that,  thirdly,  within  the  Appalachians  proper  there  occur  the  deep  troughs  of 
anthracite  coal,  in  which  the  highest  of  all  the  Palaeozoic  formations  have  escaped  denudation. 
A  little  attention  to  the  topographical  and  geological  features  of  this  middle  or  synclinal  region, 
as  presented  on  the  Map,  will  make  it  apparent  that  all  the  chief  anticlinal  flexures  of  this 
quarter  are  simply  the  terminal  portions  of  the  great  waves  of  the  two  anticlinal  zones  here 
meeting  and  passing  each  other.  Only  upon  this  comprehensive  view  can  we  understand  the 
curious  laws  which  regulate  the  distribution  of  the  lesser  or  secondary  undulations  which 
corrugate  every  part  of  the  coal-field,  or  comprehend  satisfactorily  the  source  and  nature  of 
the  dislocations  which  traverse  it  in  so  many  places,  and  with  such  seeming  want  of  regularity. 

Looking  at  the  order  of  distribution  of  the  chief  or  primary  flexures  which  make  up  each  of 
the  two  great  systems  between  the  Atlantic  Slope  and  the  Alleghany  Mountain,  we  discover 
a  very  interesting  feature  of  symmetry  in  each.  Those  of  the  North-eastern  system,  or  the  set 
of  flexm-es  entering  the  State  from  New  Jersey  and  New  York,  and  expiring  towards  the  S.W., 
are  beautifully  arranged  in  echelon  in  greater  and  lesser  groups,  each  group  penetrating  to  a  less 
distance  Westward  than  that  next  S.  of  it  ;  so  that  the  whole  belt  from  Lancaster  Coimty  to  the 
Eastern  Middle  Coal-fields  ends  nearly  on  one  meridian,  a  line  or  narrow  belt,  not  rigidly  straight 
trending  a  little  E.  of  N.  through  Lancaster  and  Pottsville.  The  reader  will  discern  at  a  glance 
this  relation  of  the  flexures  of  the  strata,  if,  with  the  Map  before  him,  he  will  cast  his  eye  through 
the  Western  points  of  the  Mine  HiU,  Welch  Mountain,  South  Mountain  at  Keading,  the  spurs 
of  the  Blue  Mountain  between  Port  Clinton  and  Orwigsburg,  those  of  the  Sharp  Mountain  at 
Middleport,  of  the  Nesquehoning  and  Broad  mountains,  and  those  of  the  table-land  of  the  Middle 
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Coal-field  west  of  the  Lehigh.  Nor  does  this  retreating  of  the  anticlinals,  as  we  proceed  North- 
ward, cease  at  the  Leliigh,  for  it  is  clearly  discernible  in  the  curious  echelon  arrangement  of  the 
saddles,  enterino;  the  S.E.  side  of  the  Northern  anthracite  fields  from  the  Eastward.  There  is,  in 
keeping  with  this  curious  s}Tnmetry — into  which,  indeed,  it  enters  as  one  element — an  approxi- 
mate equality  of  interval  between  the  larger  groups  of  undulations.  From  the  Welch  Mountain, 
or  gneissic  area  E.  of  it,  to  the  Wyoming  coal-field  inclusive,  we  may  count  five  great  belts  of 
flexures — namely,  those  of  the  Welch  Mountain,  the  South  Mountain,  the  Blue  Mountain,  the 
Lehigh  and  the  Lackawanna  coal-fields.  These  are  not  strictly  equidistant,  but  lie  at  slightly 
wider  and  wider  intervals  as  we  cross  them  Northward — a  feature  in  strict  harmony  with  the 
very  general  law  of  the  crust-undulations  of  the  Appalachian  Chain,  whether  group  is  compared 
with  group  in  an  extensive  zone,  or  individual  flexure  with  flexure  iii  a  single  belt. 

Turning  to  the  South-western  system  of  undulations,  or  those  which  originate  beyond  the 
Susquehanna,  and  expire  Eastward  against  or  past  the  ends  of  the  North-eastern  system  between 
the  Susquehanna  and  the  Schuylkill  and  Lehigh,  we  observe  a  symmetry  in  the  relative 
arrangement  of  the  chief  waves  or  groups  of  waves  which  is  even  more  remarkable.  In  this 
instance,  as  in  the  other,  they  are  disposed  in  echelon,  but  the  more  North-western,  in  place  of 
retreating,  protrude  past  their  neighbours  on  their  S.E.,  outflanking  them  with  a  beautiful 
regularity.  But  in  place  of  terminating  on  a  Meridian,  or  line  running  N.  and  S.,  the  more 
Northern  flexures  overpass  the  Southern  ones  so  much,  that  a  line  connecting  the  extremities  of 
the  whole  system — necessarily  not  a  very  straight  one — 'will  have  rather  a  N.N.E.  and  S.S.W. 
direction,  than  a  N.  and  S.  one.  It  is  to  this  circumstance  that  we  are  to  impute  the  singularly 
oblique  disposition  of  the  anthracite  coal-basins,  or  the  overrunning  of  the  Northern,  Eastward 
of  the  more  Southern,  a  distribution  which,  viewed  in  its  economical  bearings,  is  of  immense 
importance,  since  it  renders  the  Northern  coal-fields  almost  as  accessible  to  the  tide-waters  of  the 
Hudson  as  the  Southern  ones  are  to  those  of  the  Delaware  and  Chesapeake.  But  for  this 
interesting  distribution  in  echelon,  the  Wyoming  or  Lackawanna  coal-field  would  have  lain  to 
the  N.W.  and  not  to  the  N.E.  of  the  Pottsville  and  Mahanoy  basins,  and  its  rich  stores  of  fuel 
would  have  been  hemmed  in  by  a  much  wider  belt  of  mountains  than  that  which  now  separates 
them  from  the  great  coal-consuming  markets  of  New  York  and  the  Eastern  States. 

As  in  the  case  of  the  North-eastern  flexures,  these  of  the  South-western  system  observe 
a  beautifully  regular  gradation  of  expansion  as  we  measure  the  breadth  of  the  waves  in  their 
order  Northward,  but  this  dilatation  appears  to  be  very  gradual.  Starting  with  the  South 
Mountains  of  Cumberland  and  Adams  counties  as  one  belt,  and  viewing  the  closely-folded 
flexures  in  the  Matinal  shales  between  Harrisburg  and  the  Blue  Mountain  as  another,  and  then 
adding  as  a  single  wave  each  of  the  five  antichnal  belts  penetrating  Eastward  between  the 
Western  ends  of  the  coal-basins — namely,  those  of  Armstrong,  Mahantango,  Bearing  Creek, 
Wapwallopen,  and  Harvey's  Lake  valleys,  we  find  the  entire  zone  to  include  seven  great  undu- 
lations, or,  more  truly,  seven  compound  groups  of  anticlinal  flexures.  If  to  these  we  further  add, 
what  legitimately  belongs  to  them,  the  great  anticlinal  wave  whose  crest  or  axis  ranges  along  the 
N.W.  margin  of  Nittany  Valley,  and  through  Nippenose  Valley,  and  the  spur  of  the  Bald  Eagle 
Mountain,  we  shall  find  the  total  number  of  primary  flexures  at  the  Susquehanna  to  be  eight, 
excluding  those  N.W.  of  the  Alleghany  Mountain.  If  the  reader,  wishing  to  compare  the 
relative  distances  of  these  great  belts  of  elevation  of  the  strata,  will,  with  the  Geological  Map 
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before  him,  measure  their  spaces  with  a  pair  of  compasses  anywhere  between  the  primary 
geological  sections  Nos.  VI.  and  VII., — starting,  say,  at  the  Eastern  end  of  the  South  Mountains, — 
he  will  notice  a  slight  increase  of  interval  until  he  reaches  the  last  space,  or  that  between  the 
Brush  Valley  axis  and  the  axis  of  Nittany  VaUey,  where  an  extensive  dislocation  along  the 
latter,  with  overturn  of  the  N.W.  leg  of  the  wave,  causes  the  interval  to  be  abnormally  reduced. 

In  the  South-western  portion  of  the  Appalachian  Chain  which  fills  the  interval  between  the 
Susquehanna  and  the  Potomac  rivers,  the  grouping  of  the  flexures  is  essentially  diSerent  from 
that  which  I  have  just  outlined.  Towards  the  S.E.  or  E.  we  have  still  the  gi-eat  anticlinal  belt  of 
the  South  Mountains,  or  the  Blue  Ridge,  exposing  numerous  compressed  waves  of  the  Primal 
rocks.  West  of  this,  on  the  opposite  side  of  the  Appalachian  Valley,  is  the  next  main  compound 
anticlinal  tract,  comprehending  Path  Valley  and  M'^Connell's  Cove,  and  lifting  to  the  day  the 
Auroral  limestone.  Beyond  this  there  lies  a  broad  deep  basin  of  all  the  higher  Palaeozoic  rocks 
up  to  the  Coal-mlasures  inclusive,  and  W.  of  it,  again,  a  third  wide  complex  anticlinal  belt 
again  elevating  to  the  day  the  Auroral  rocks  in  Morrison's,  Friends',  and  Milliken's  coves. 
Thus  between  the  Juniata  River  and  the  State  of  Maryland  the  flexures  of  the  Appalachian 
Chain,  roughly  grouped,  arrange  themselves  in  three  broad  anticlinal  tracts — those  of  the  South 
Mountains,  of  Path  VaUey,  and  of  Morrison's  Cove  respectively  ;  and  three  equally  wide  and 
complex  synclinal  ones — those  of  the  Cumberland  Valley,  of  Broad-Top  Moimtain,  and  of  the 
Cumberland  coal-basin. 

Having,  thus  reviewed  the  general  structural  features  of  the  mountain-chain,  and  shown 
how  its  great  anthracite  basins  have  come  to  be  where  they  are,  and  why  they  are  so  far  detached 
from  the  main  coal-field  of  the  country,  while  elsewhere  along  the  chain,  except  in  the  Broad- 
Top  Mountain,  all  the  Coal-measures  have  been  swept  away,  I  shall  proceed  to  give  a  summary 
sketch  of  the  coal  region  itself,  preliminary  to  a  systematic  and  minute  description  of  each  of  the 
several  basins  and  its  contents. 

GENERAL  LIMITS  OF  THE  ANTHRACITE  DISTRICT. 

The  zone  of  carboniferous  rocks  embracing  the  anthracite  basins  of  Pennsylvania  is  a  long 
irregular  tract  of  a  rudely-rhombic  shape,  stretching  from  the  W.  edge  of  AVa}Tie  County 
South-westward  to  the  E.  corner  of  Perry,  bounded  on  the  N.  by  the  Northern  base  of  the 
Wyoming  and  Shickshinny  Mountain,  on  the  S.  by  the  Orwigsburg  VaUey,  on  the  E.  by  the 
Moosic  Mountain  and  upper  waters  of  the  Lehigh,  and  on  the  W.  by  the  Susquehanna.  It 
may  be  viewed  as  a  rolling  plateau  somewhat  elevated  above  the  surrounding  valleys,  and 
containing  many  slender  parallel  mountain-ridges,  some  broad  included  table-lands,  and 
numerous  long  narrow  valleys.  Its  Western  margin  is  very  deeply  indented  by  foiu-  large 
anticlinal  coves  of  the  Ponent  and  Vergent  formations,  subdividing  this  side  of  the  tract  into 
five  synclinal  belts  of  basins,  each  including  an  independent  coal-field.  Its  Eastern  border  is 
more  vaguely  defined,  the  lower  carboniferous  rocks,  or  Vergent  and  Umbral  strata,  hfting 
themselves  gradually  to  the  N.E.  beyond  the  Lehigh,  and  thinning  off"  there  by  a  very  irregular 
denudation  in  the  table-laud  of  Monroe  and  Pike  counties.  Assigning  as  its  precise  geological 
boundary  the  outer  edge  or  lowest  stratum  of  the  Vespertine  sandstone,  this  carboniferous 
district  may  be  somewhat  accurately  defined  as  follows  :  Its  S.  or  S.E.  border  ranges  along  the 
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outer  crest  of  the  Mahoning  or  Second  Mountain  from  the  Knob  of  the  Kettle,  E.  of  the 
Lehigh  to  the  Knob  of  the  Cove  Mountain,  W.  of  the  Schuyllcill.  Thence  along  the  N.  brow 
of  Peter's  jNIountain  to  Short  Mountain  at  the  head  of  Powell's  Valley,  and  through  the 
outer  summit  of  Short  Mountain,  round  the  head  of  Armstrong  Valley,  to  the  S.  brow  of 
Berry's  Mountain,  and  along  the  latter  to  the  Knob  of  Buffalo  Mountain,  near  the  Juniata. 
Pursuing  thence  an  E.  course,  it  stretches  along  the  N.  brow  and  slope  of  Mahantango  to 
its  junction  vnth  Line  Mountain,  doubles  abruptly  to  the  W.,  and  follows  the  latter  to  the  Knob 
of  Mahanoy  Mountain  at  the  Susquehanna,  where,  deflecting  abruptly  to  the  E.  again,  it  takes 
the  slope  of  Mahanoy  Mountain,  and  its  extension.  Little  Mountain,  to  the  head  of  Eoaring 
Creek  Valley.  Here  the  boundary  turns  "W.,  winds  along  the  W.  brow  of  the  Catawissa 
Mountain  and  its  spurs  to  the  N.  slope  of  the  Nescopeck  Mountain,  which  it  follows  East- 
ward to  the  head  of  the  Wapwallopen  Valley.  There,  after  two  or  three  windings,  the  line 
takes  the  Southern  slope  of  the  Pond  Mountain  to  its  junction  with  the  Shickshinny  Mountain 
near  Fishing  Creek,  where,  bending  sharply  towards  the  E.,  it  ranges  along  the  latter  high  on 
its  N.  flank  to  the  North  Branch  of  the  Susquehanna,  beyond  which,  gradually  deflecting 
more  and  more  towards  the  N.,  and  receding  from  the  mountain,  it  approaches  the  N. 
point  of  the  Lackawanna  coal-basin.  Curving  with  a  wide  sweep  round  the  head  of  this 
coal-field,  the  boundary,  always  the  limit  between  the  Ponent  and  Vespertine  strata,  becomes 
irregular  and  difficult  to  define  ;  but  we  shall  arbitrarily  assume  a  line  drawn  from  the  head- 
waters of  the  North  Branch  of  the  Wallenpaupack  to  Beaver  Lake  of  the  Lehigh  River  for  part 
of  the  E.  limit  of  the  tract,  the  remainder  being  the  channel  of  the  Lehigh  River  from  Beaver 
Lake  to  the  Kettle  Mountain,  near  which  we  started. 

The  very  tortuous  margin  here  traced  encloses  an  irregular  parallelogram  of  mountains  and 
valleys,  measuring,  in  superficial  area,  about  1668  square  miles,  the  length  of  which  from  N.E. 
to  S.W.  is  about  100  miles ;  and  its  greatest  transverse  breadth,  through  Mauch  Chunk  and 
Nanticoke,  is  not  less  than  30  miles.  The  coal-formation  proper  constitutes  but  a  small  part 
of  this  large  area  of  the  carboniferous  rocks.  It  will  be  shown  hereafter  to  comprise  less  than 
300  square  miles. 

Natural  leading  Subdivisions  of  the  District. — The  district  of  carboniferous  strata  of  Eastern 
Pennsylvania,  defined  in  the  foregoing  brief  description,  may  be  subdivided  naturally  into 
three  tracts,  a  Southern,  Middle,  and  Northern.  The  Southern  is  separated  from  the  Middle  on 
the  W.  by  the  anticlinal  belt  of  Ponent  and  Vergent  strata,  occupying  Mahantango  Valley,  and 
on  the  E,  by  the  much  more  slender  anticlinal  valley  of  Little  Bear  Creek,  between  Kettle 
IVIountain  and  the  Pokono.  The  IMiddle  is  separated  from  the  Northern  by  the  long  regular 
anticlinal  vaUey  watered  by  the  Wapwallopen  Creek  and  the  Berwick  Reach  of  the  Susque- 
hanna. Each  of  these  three  tracts  is  a  complex  synclinal  basin,  enclosed  within  a  mountain-rim 
of  Vespertine  sandstone,  except  where  they  coalesce  over  the  anticlinals  which  only  partially 
insulate  them  ;  each  is  undulated  into  numerous  anticlinal  and  synclinal  flexures,  the  axes  of 
which  traverse  it  longitudinally  with  a  slight  obliquity,  and  each  contains,  as  its  central  upper- 
most formation,  a  large  area  of  the  anthracite  Coal-measures.  The  S.  tract  encloses  the  Schuyl- 
kill or  Pottsville  coal-basin,  including  both  its  W.  spurs  and  also  the  Broad  Mountain  ;  the 
middle  tract,  the  Shamokin  and  Mahanoy  coal-basins  with  their  branches,  and  the  group  of 
basins  lying  between  the  Lehigh  and  the  Catawissa  ;  and  the  N.  tract,  the  basin  of  the  Lacka- 
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wanna  and  Susquehanna,  or  the  Wyomhig  coal-field ;  and  each  of  these  undulated  troughs  of 
the  coal  strata,  rimmed  round  by  a  mountain-barrier  of  the  coarse  and  hard  lower  coal  rocks, 
is  further  encircled  and  shut  in  by  a  deep  valley  of  the  soft  Umbral  red  shales,  and  by  a  second 
mountain-barrier  outside  of  this,  composed  of  the  hard  Vespertine  sandstones  and  conglomerates. 
The  only  quarter  where  the  Coal-measures  are  not  thus  engirt  by  a  double  rim  of  mountains  is 
the  N.E.  half  or  Lackawanna  division  of  the  N.  basin.  There  the  Umbral  formation  being 
abnormally  thin,  the  two  hard  projecting  strata — the  coal  conglomerate  and  the  Vespertine 
sandstone — lie  unusually  near  to  each  other,  and  generally  form  but  one  broad  mountain-ridge, 
with  a  bench  or  terrace  of  the  intermediate  Umbral  shale. 

It  is  an  interesting  and  important  feature  in  the  structure  of  this  carboniferous  district,  that 
all  its  subdivisions,  as  well  its  primary  as  its  lesser,  down  to  •  its  most  trivial  ones,  are  deter- 
mined by  its  anticlinal  flexures  and  the  denudation  or  cutting  away  of  the  strata  over  them ;  and 
the  absence  of  any  symmetry  between  the  E.  and  the  W,  terminations  and  spurs  of  the  coal- 
fields, results  simply  from  the  fact  that  these  flexures  do  not  consist  of  a  single  system  of  waves 
running  through  and  through  the  region,  but — as  intimated  in  a  fonner  Chapter — of  two  sets 
overlapping  each  other,  and  expiring  within  it.  A  very  little  study  of  the  Map  will  render  this 
perfectly  obvious,  and  will  show,  moreover,  how  many  of  the  interior  features  of  the  coal-basins, 
even  those  of  insignificant  magnitude,  are  the  consequences  of  flexures  of  primary  importance 
in  the  regions  exterior  to  this  district.  A  detailed  description  of  the  flexures  of  the  strata  is 
reserved  for  the  future  Chapters  treating  of  the  special  coal-basins  in  their  minuter  features,  but 
it  is  expedient  meanwhile  to  notice  the  effects  of  two  of  the  chief  anticlinals  which  enter  the 
region  from  the  E.  and  W.  Only  one  great  flexure  from  the  E.,  or  from  beyond  the  Lehigh, 
seems  to  penetrate  the  district  far  towards  the  centre.  This  is  the  axis  of  the  Nesquehoning 
Mountain  or  of  Little  Bear  Creek.  Originating  in  the  Vergent  rocks  S.  of  the  Pokono,  and  then 
gradually  declining  W.,  it  is  saddled  by  Ponent  strata  in  the  valley  of  Little  Bear  Creek  as  far 
as  the  Lehigh.  Beyond  this  river  the  flexure  is  a  broad  flat  wave,  spanning  the  whole  interval 
from  the  S.  to  the  Beaver  Meadow  Basin,  exposing  in  its  centre  the  Vespertine  rocks  through- 
out the  breadth  of  the  Nesquehoning  Mountain.  Further  W.  the  Umbral  red  shales  occupy  the 
back  of  this  anticlinal  in  a  wide  valley  at  the  sources  of  the  Little  Schuylkill,  and  continuing 
to  subside,  it  expires  under  the  coal  conglomerate  of  the  Broad  Mountain.  The  main  axis  of 
this  compound  wave  extends  through  the  W.  point  of  Nesquehoning  Mountain,  and  through 
the  Southern  cove  in  Broad  Mountain,  at  the  source  of  Locust  Creek,  and  the  red-shale  hollow 
in  Broad  Mountain  E.  of  Mill  Creek.  Other  lesser  flexures,  subordinate  to  the  same  broad  wave, 
entering  the  region  from  the  Pokono  Mountain  or  beyond  it,  and  ranging  through  the  Nesque- 
honing Mountain,  die  out  in  the  Broad  Moimtain  north  of  the  principal  one.  It  is  this  group  of 
anticlinals  which  insulates  the  E.  end  of  the  Southern  from  the  E.  portion  of  the  middle  coal-field 
by  lifting  the  red  shale  to  the  surface,  and  further  W.  the  conglomerate  in  the  Broad  Mountain. 

Nearly  opposite  to  the  wide  anticlinal  belt  just  described,  a  still  more  prominent  one  pene- 
trates the  region  from  the  W.  This  latter  great  wave,  also  a  compound  flexure,  after  elevating 
the  middle  Palaeozoic  formations  in  the  Mahantango  Valley,  rapidly  sinks  towards  the  E.,  and 
enters  the  carboniferous  rocks  at  the  junction  of  the  Line  and  Mahantango  mountains.  From 
this  point  E.  to  the  head  of  the  Little  Mahanoy  it  is  arched  by  the  Umbral  red  shale,  and 
throughout  this  distance  insulates  the  Broad  Mountain  from  the  Mahanoy  coal-basin.  Sub- 
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siding  in  the  conglomerate  near  the  N.  edge  of  the  Broad  Mountain,  it  separates  the  Coal- 
measures  of  that  table-land  from  those  of  the  middle  coal-field  Northward.  It  thus  appears  that 
the  Nesquehoning  and  Mahantango  anticlinals  pass  or  overleap  each  other  in  the  Broad 
Mountain ;  and  it  is  to  this  circumstance,  and  to  their  being  themselves  compound  undulations 
of  the  strata,  that  the  Broad  Mountain  contains  several  subordinate  flat  saddles  of  the  con- 
glomerate and  intermediate  shallow  basins  of  the  Coal-measures. 

The  middle  division  of  the  district  comprises,  as  we  have  seen,  all  that  area  which  lies 
between  the  Nesquehoning  Mountain  and  Mahantango  Valley  on  the  one  side,  and  the  valley  of 
the  Wapwallopen  and  N.  branch  of  Susquehanna  on  the  other ;  but  the  interior  plateaus  and 
basins  of  this  region,  consisting  of  the  true  coal-rocks,  are  separated  into  two  nearly  independent 
groups  by  intermediate  valleys  of  red  shale,  especially  by  that  which  is  drained  by  the  head- 
waters of  the  Catawissa  Creek,  and  it  is  expedient  to  bestow  separate  designations  upon  the  two 
portions  of  the  coal-fiefd  thus  divided.  I  propose,  therefore,  to  call  the  Mahanoy  and  Sliamokin 
basins,  and  their  branches,  the  Western  Middle  Coal-field  ;  and  all  the  elevated  area  of  the  coal 
conglomerate  and  Coal-measures  situated  N.  of  the  Quakake  Valley,  N.  and  E.  of  the  valley 
of  the  Catawissa,  and  S.  of  the  valley  of  the  Nescopeck,  the  Eastern  Middle  Coal-field. 

The  carboniferous  district  of  Eastern  Pennsylvania  contains  centrally  within  it,  therefore, 
four  great  coal-fields  or  groups  of  coal-basins. 

1st.  The  Southern,  or  Pottsville  coal-field. 

2d.  The  Western-Middle,  or  Mahanoy  and  Shamokin  coal-field. 

3d.  The  Eastern-Middle,  or  Upper  Lehigh  coal-field. 

4th.  The  Northern,  or  Wyoming  and  Lackawanna  coal-field. 

Indeed,  ample  mention  has  already  been  made  in  Chapter  III.  of  the  Introductory  Book, 
Part  II.,  of  their  mineral  nature,  and  their  measured  thicknesses  around  and  within  both  the 
anthracitic  and  bituminous  coal-fields  of  the  State,  enabling  any  one  to  deduce  their  characters 
and  dimensions  for  intermediate  localities  not  enumerated,  and  afi"ording  all  the  requisite  data 
for  any  scientific  conclusions  that  the  present  state  of  geology  can  suggest  concerning  the  quarters 
whence  their  materials  were  derived,  and  the  physical  conditions  under  which  these  were  de- 
posited, and  supplying,  moreover,  aU  the  elements  of  a  practical  or  technological  interest.  But 
full  as  this  synoptic  statement  is,  it  seems  expedient  to  introduce  here  a  special  description  of 
the  Vespertine  and  Umbral  rocks  of  the  anthracite  country. 

DESCRIPTION  OF  THE  STRATA. 

In  the  carboniferous  district  embracing  the  anthracite  fields,  and,  indeed,  in  the  much  more 
extensive  region  of  the  bituminous  Coal-measures,  the  only  rocks  at  or  near  the  surface, 
besides  those  of  the  coal  formation  itself,  are  the  Vesj)ertine  sandstones  and  the  Umbral  red 
shales.  A  careful  comparison  of  the  organic  remains  of  the  three  formations  has  demonstrated 
that  they  are  equivalent  or  parallel  deposits  to  the  three  great  subdivisions  of  the  carboniferous 
system  of  Europe.  The  Vespertine  rocks  correspond  apparently  to  the  European  lowest  carboni- 
ferous formation  of  the  yellow  sandstones  of  Ireland  ;  the  Umbral  series  is  the  near  equivalent 
of  the  carboniferous  limestone  and  its  associated  strata  ;  and  the  anthracite  coal-measures 
seem  strictly  on  the  horizon  of  the  great  coal-formation  of  England,  France,  and  Belgium. 
It  is  proper,  therefore,  that  the  three  series  should  be  grouped  together,  and  described  in  the 
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same  division  of  this  work,  and  the  expediency  of  this  treatment  is  confirmed  by  their  close 
geographical  connection. 

Vespertiiie  Series  around  the  Anthracite  Basins. — Both  this  formation  and  the  Umbral  have 
received  a  general  description  in  the  Introductory  Book  to  Part  II.,  where  not  only  their  compo- 
sition, but  their  distribution  and  changes  of  type  and  thickness,  have  been  systematically  stated. 

In  its  S.E.  development,  or  surrounding  the  S.  coal-field,  the  Vespertine  formation  con- 
sists, as  already  described,  of  grey  and  yellowish  sandstones,  vrith.  beds  of  coarse  silicious 
conglomerate,  and  of  dark-blue  and  olive-coloured  slates.  Like  nearly  all  the  coarser  mechanical 
strata  of  the  Appalachian  Chain,  it  is  both  thickest  and  coarsest  towards  the  S.E.  or  E.,  and  it 
shows  a  marked  gradation  in  these  respects  between  each  of  its  successive  outcrops.  Thus,  while 
its  first  outcrop  displays  at  Pottsville  a  thickness  of  1800  feet,  and  at  the  Susquehanna  of  2000 
feet,  its  outcrop  in  the  Nescopeck  Mountain  shows  a  reduction  of  dimensions  to  1100  feet  ;  and 
still  further  N.,  in  the  mountains  enclosing  the  Wyoming  coal-field,  a  further  reduction  to  only 
500  or  600  feet.  In  accordance  with  this  change  of  dimensions,  it  undergoes  a  corresponding 
alteration  from  the  coarse  type  we  have  assigned  it  in  its  Southern  outcrops,  to  that  of  an  argil- 
laceous greenish-grey  sandstone,  and  interstratified  reddish  olive-coloured  shales,  in  its  Northern. 

At  Mauch  Chunk,  where  its  total  thickness  is  about  1300  feet,  the  first  or  lowest  500  feet 
consist,  in  ascending  order,  of 

Olive-coloured  shale,  .......  66  feet. 

White  siUcious  sandstone,     .  .  .  .  .  .  .  60  „ 

Fine-grained  gi-ey  sandstone  with  large  fracture,       ....        37-4  „ 

The  middle  and  upper  divisions  are  here  composed  of  alternations  of  coarse  conglomerates, 
and  grey  and  bluish  coarse  and  fine-grained  sandstones,  embracing  thin  beds  of  olive  and  black 
slate.  At  the  base  of  the  formation  there  occurs  a  thick  alternating  group  of  beds  of  grey  sand- 
stone, some  of  them  pebbly,  and  beds  of  argillaceous  red  sandstone  and  red  shale,  identical  with 
the  Ponent  series.  This  is  a  passage-group  between  the  Ponent  and  Vespertine,  not  referable  to 
either  formation  exclusively.  The  few  obscure  organic  remains  discovered  in  it  are  stems  of 
Lepidodendra  imbedded  in  the  grey  sandstones,  relating  these  beds  to  the  Vespertine  series. 
This  transition -group  has  an  average  thickness  of  600  or  700  feet. 

At  Pottsville  this  intermediate  mass  consists,  in  the  ascending  order,  of  the  foUo-odng  beds  : 

1.  Grey  sandstone  with  a  little  conglomerate,  surmovmted  by  a  dull  reddish  sandstone, 
72  feet  thick. 

2.  Greenish-grey  sandstone  and  olive-coloured  micaceous  sandstone,  including  some  beds  of 
conglomerate,  and  succeeded  by  hard  red  sandstone,  and  this  again  by  softer  red  argillaceous 
sandstone,  56  feet. 

3.  A  hard  dull-red  sandstone,  a  speckled  grey  sandstone,  and  layers  of  red  shale,  62  feet. 

4.  Argillaceous  sandstone  conglomerate,  composed  of  slate  and  sandstone  pebbles,  and  a  hard 
red  sandstone  imbedding  pebbles  of  quartz  and  slate,  197  feet. 

5.  A  coarse  grey  sandstone,  120  feet. 

6.  Yellowish  sandstone,  with  pebbles  of  slate,  coarse  grey  sandstone,  and  a  dull-red  sand- 
stone, 180  feet. 

The  total  thickness  of  the  group  is  687  feet. 
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On  the  Susquehanna  this  alternating  series,  composed  of  very  similar  materials,  has  a  thick- 
ness of  about  525  feet. 

The  Vespertine  conglomerate  includes  at  Pottsville  the  following  subdivisions  in  the  ascend- 
ing order : — 

1.  Coarse  compact  sandstones,  and  a  brownish-red  sandstone,  196  feet  thick. 

2.  Speckled  grey  sandstone,  olive-coloured  micaceous  sandstone,  and  compact  purplish 
micaceous  sandstone,  213  feet. 

3.  Coarse  grey  sandstone,  with  a  little  conglomerate,  240  feet, 

4.  Fine  and  coarse  conglomerate,  and  hard  compact  greenish-grey  sandstone,  162  feet, 

5.  A  coarse  hard  yellowish  and  micaceous  sandstone,  with  some  conglomerate,  163  feet. 

6.  Coarse  and  fine  conglomerate,  with  hard  coarse  grey  sandstone,  109  feet. 

7.  Coarse  grey  micaceous  sandstones  and  coarse  conglomerates  alternating,  292  feet, 

8.  Bluish-black  micaceous  slate  22  feet. 

9.  A  coarse  grey  sandstone,  succeeded  by  a  very  coarse  harder  variety,  and  this  surmounted 
by  a  conglomerate  of  rather  small  quartz  pebbles,  68  feet. 

10.  Coarse  sandstone  and  conglomerate,  296  feet, 

1 1 .  Hard  greenish-grey  sandstone,  overlaid  by  coarse  grey  micaceous  sandstone  and  beds  of 
sihcious  conglomerate,  32  feet. 

12.  Grey  sandstone  and  fine-grained  conglomerate,  25  feet. 

The  last-described  or  upper  beds  of  the  formation,  are  at  the  N,  foot  of  the  Second 
Mountain,  and  the  alternating  series  beneath  commences  a  little  below  the  bridge  over  the 
Schuylkill. 

Leaving  the  S.  outcrop  of  the  Vespertine  conglomerate,  and  advancing  N.W.  across  the 
anthracite  basins,  we  observe  that  the  formation  maintains  very  nearly  the  aspect  and  composi- 
tion which  it  has  in  the  Mahoning  or  Second  Mountain,  the  most  important  change  being  a 
progressive  declension  in  thickness  and  a  gradual  reduction  in  the  coarseness  of  the  conglomerates 
and  sandstones,  and  an  increased  proportion  of  argillaceous  matter.  The  same  modifications  are 
apparent  in  the  intermediate  group  of  strata  which  connect  this  formation  with  the  Ponent  series 
below  it.  In  the  Nescopeck  and  Shickshinny  mountains  these  possess  a  thickness  of  less  than 
400  feet,  and  include  fewer  beds  of  coarse  sandstone  and  conglomerate. 

Umhi'al  Bed  Shale  around  the  Anthracite  Basins. — This  group  of  strata,  occupying  the 
immediate  place  in  the  general  series  between  the  Vespertine  sandstone  and  Serai  or  coal  con- 
glomerate, surrounds  all  the  coal-basins,  the  chief  part  of  the  formation  appearing  in  the  deep 
and  regular  valley  immediately  outside  of  the  conglomerate  which  bounds  the  Coal-measures. 
The  lower  beds  rest  against  the  foot  and  on  the  lower  slope  of  the  ridges  composed  of  the 
Vespertine  conglomerate,  and  the  upper  strata  dip  beneath  the  Serai  conglomerate  high  on  the 
flank  of  each  ridge  of  that  formation.  Throughout  the  Anthracite  district  the  whole  red-shale 
formation  is  remarkable  for  great  sameness  of  character  in  its  difierent  parts,  and  for  little  varia- 
tion, except  in  point  of  thickness,  in  the  different  belts  along  which  it  is  exposed.  In  lithological 
composition  it  bears  a  very  close  general  resemblance  to  the  main  body  of  the  Ponent  red  shales 
and  sandstones.  Neither  stratum  is  characterised  by  the  presence  of  more  than  a  very  few 
organic  remains.  These,  where  they  are  met  with,  will  readily  serve  to  distinguish  the  two 
formations,  the  fossils  of  the  Ponent  series  being  for  the  most  part  bivalve  shells  and  Encrini, 
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while  the  few  forms  found  in  the  Umbral  red  shales  belong  almost  exclusively  to  plants,  but  not 
to  species  or  even  genera  identical  with  those  of  the  Coal-measures. 

The  Umbral  red  shale  consists,  throughout  its  S.E.  and  middle  belts,  of  very  argil- 
laceous red  sandstones,  alternating  with  red  shales.  In  the  vicinity  of  the  Schuylkill  these 
two  rocks  are  associated  in  very  nearly  equal  proportions,  but  as  we  advance  Eastward  upon 
the  first  or  most  Southern  line  of  outcrop,  the  silicious  or  sandstone  members  predominate 
more  and  more.  Everywhere  the  lower  portion  of  the  mass  contains  a  preponderance  of 
tough  grey  micaceous  sandstone  ;  the  middle  and  upper  divisions  possess  a  larger  share  of  soft 
red  argillaceous  beds,  with  occasional  interstratified  grey  sandy  shales,  all  alternating  with 
red  and  grey  argillaceous  sandstones.  This  character  extends  to  within  a  few  hundred  feet  of 
the  bottom  of  the  overlying  coarse  strata  of  the  Serai  conglomerate,  the  intervening  mass, 
referred  for  convenience  to  the  Vespertine  formations  before  us,  consisting  of  an  alternation 
of  red  shales  identical  with  those  of  the  Vespertine  and  coarse  grey  sandstone  resembling  the 
Serai  group. 

Of  the  red  sandstone  we  may  distinguish  three  varieties,  differing  in  colour  and  hardness — 
1st,  A  florid  red  rock,  rather  soft ;  2d,  A  brownish-red  rock,  more  common  than  the  preceding ; 
and,  3d,  A  dull  or  greyish  red,  the  hardest  of  the  three.  Many  of  the  sandstone  strata  are 
delicately  subdivided  by  alternate  bands  of  different  shades  of  colour,  imparting  to  the  smoothed 
or  dressed  surfaces  a  pleasing  aspect.  Those  varieties  which  are  not  too  argillaceous  to  with- 
stand the  attacks  of  weather,  and  are  possessed  of  the  softer  and  more  neutral  shales  of  brown 
and  grey,  seem  well  adapted  for  the  purposes  of  architecture,  and  the  time  cannot  be  distant 
when  their  suitableness  and  beauty  will  cause  them  to  be  chosen  in  many  places  as  preferable  to 
common  brick  for  buildings.  Some  of  the  grey  silicious  sandstones  of  the  middle  and  inferior 
parts  of  the  formation,  though  less  attractive  in  their  tints,  are  perhaps  better  fitted  for  certain 
architectural  uses,  being  of  a  more  durable  composition,  and  yet  susceptible  of  being  readily 
shaped. 

The  more  argillaceous  varieties  of  the  red  shale  frequently  contain  a  small  proportion  of  the 
carbonate  of  lime,  and  in  a  few  localities  there  are  even  one  6r  two  thin  bands  of  a  very  argilla- 
ceous limestone,  not  pure  enough,  however,  for  conversion  into  lime.  In  these  layers  of  calcareous 
shale  the  greater  part  of  the  carbonate  of  lime  is  in  the  form  of  small  oval  concretions,  seldom 
half  an  inch  in  length,  looking  like  yellowish-white  pebbles.  By  the  dissolving  action  of  the 
rain-water  upon  these  calcareous  concretions,  the  rock  generally  exhibits  its  external  surface 
deeply  pitted,  the  long-weathered  portions  wearing  a  singular  worm-eaten  aspect.  Several  such 
belts  may  be  seen  at  Mount  Carbon  immediately  S.  of  the  hotel.  These  calcareous  bands  occur  in 
the  upper  part  of  the  formation,  but  in  the  middle  and  inferior  parts  of  the  mass  such  layers  are 
more  frequent  and  usually  thicker.  As  many  as  twelve  distinct  beds  are  met  with  near  Tamaqua. 
One  of  these  is  6  feet  thick,  but  the  little  nodules  of  limestone  are  rather  thinly  scattered  ;  another 
is  about  3  feet  thick,  and  embraces  the  nodules  in  great  abundance.  The  foregoing  description 
is  applicable  more  especially  to  all  the  Umbral  red  shale  surrounding  the  Southern  and  central 
anthracite  basins.  ■  The  only  quarter  where  there  is  any  important  addition  to  this  type  is  i)i  the 
belt  encircling  the  Wyoming  basin.  There,  though  the  red  sandstone  and  red  shale  are  still  the 
prevailing  rocks,  they  embrace  much  greenish  silicious  shale  and  grey  calcareous  sandstone. 
Towards  the  W.  end  of  the  basin  these  rocks  are  confined  chiefly  to  the  uppermost  part  of  the 
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formation,  but  as  the  belt  stretches  N.E.  they  augment  rapidly  in  quantity,  and  alternate  with 
the  red  portions  in  the  body  of  the  formation. 

Around  the  border  of  the  Wyoming  coal-basin  the  Vespertine  rocks  undergo  a  considerable 
change  of  composition  and  thickness,  as  may  be  seen  by  consulting  the  sections  and  vertical 
columns  illustrating  that  region.  I  here  present  them  as  they  occur  at  Solomon's  Gap — a  good 
central  locality — that  the  reader  may  contrast  them  with  their  S.  type,  already  given. 

It  is  only  in  its  S.W.  outcrops — namely,  in  those  around  the  bituminous  coal-basins  in 
Somerset,  Westmoreland,  and  Fayette- — that  any  continuous  masses  of  limestone  occur  in  the 
Umbral  series,  and  even  there  this  rock  is  of  subordinate  importance  when  compared  with  its 
enormous  development  in  Virginia  and  in  the  Western  States.  In  the  authracite  district  before 
us  we  have  both  the  Vespertine  and  Umbral  formations  under  their  extreme  Eastern  or  littoral 
types,  and  therefore  the  calcareous  ingredient,  a  marine  characteristic,  is  in  its  minimum  develop- 
ment. Indeed,  in  the  outcrops  surrounding  the  anthracite  basins,  no  genuine  limestone  presents 
itself  in  the  Umbral  red  shale,  and  the  great  body  of  the  formation  is  singularly  destitute  of 
calcareous  matter  in  even  a  more  diffused  form. 

Geographical  Range  of  the  Vespertine  Sandstone  and  Unihral  Red  Shale. — The  Vespertine 
and  Umbral  formations  may  be  traced  encircling  all  the  anthracite  basins  in  a  nearly  continuous 
but  very  winding  belt,  the  Vespertine  forming  an  unbroken  mountain-girdle,  and  the  Umbral  a 
deep  and  narrow  valley  between  it  and  a  parallel  and  similar  mountain-barrier,  composed  of  the 
Serai  conglomerate,  which  constitutes  the  immediate  rims  of  the  coal-basins.  If  we  follow  the 
line  of  outcrop  of  the  Vespertine  sandstone  from  it  S.E.  extremity.  Westward  round  the  coal-fields, 
we  shall  find  it  to  coincide  with  the  crest  and  inner  flank  of  the  Big  Creek  or  Kettle  Mountain, 
East  of  the  Lehigh,  and  to  form  the  entire  anticlinal  mass  of  the  Nesquehoning  or  Broad  Mountain 
East  of  the  Little  Schuylkill.  Tracing  it  from  the  Lehigh,  it  forms  the  main  or  N.  summit  and 
the  N.  slope  of  the  Second  or  Mahoning  Mountain,  with  a  steep  N.  dip  the  whole  distance  into 
Perry  County,  where  it  curves  suddenly  round  towards  the  E.  to  enclose  the  beautiful  red-shale 
vaUey  called  the  "  Cove."  In  this  turn  the  Vespertine  and  Umbral  rocks  enclose  the  W.  end  of 
the  Dauphin  coal-basin.  Recrossing  the  Susquehanna  with  a  S.  dip,  it  stretches  E.,  forming 
Peter's  Mountain,  and  folds  round  and  over  the  great  anticlinal  of  the  Short  Mountain,  and, 
resuming  a  N.  dip,  becomes  the  ridge  known  as  Berry's  Mountain.  It  once  more  crosses  and 
recrosses  the  Susquehanna,  forming  between  it  and  the  Juniata  another  synclinal  cove  of  the 
Umbral  red  shale,  usually  called  Hunter's  Valley.  In  this  synclinal  trough  the  Vespertine  and 
Umbral  strata  encircle  the  W.  end  of  the  Bear  VaUey,  or  Wiconisco  coal-field.  E.  of  the  Susque- 
hanna it  forms  the  Mahantango  Mountain,  with  a  S.E.  dip.  The  formation  then  bends  suddenly 
W.,  folding  over  the  great  anticlinal  of  Mahantango  Valley,  and  extends  W.  again  in  the  Line 
Mountain  as  far  as  the  Susquehanna,  which,  in  this  third  W.  bend,  it  does  not  cross.  By  another 
sudden  flexure  at  the  river,  the  formation  sweeps  again  towards  the  E.,  and  constitutes  the  long 
ridge  called  the  Mahanoy  and  Little  Mountain.  This  curve  marks  the  termination  of  a  third 
synclinal  trough  in  the  Vespertine  and  Umbral  series  encircling  the  W.  end  of  the  Shamokin 
coal-basin.  A  third  great  anticlinal,  that  of  Roaring  Creek  Valley,  causes  the  Vespertine  con- 
glomerate to  change  again  its  direction,  and  to  fold  round  and  bend  W.  in  the  ridge  called  the 
Catawissa  Mountain.  Near  the  town  of  Catawissa  it  forms,  with  the  Nescopeck  Mountain,  a 
fourth  synclinal  trough,  ending,  as  in  each  of  the  three  preceding  instances,  in  a  bold  synclinal 
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moimtaiE-knob.  Embraced  within  this  last-mentioned  trough  of  Vespertine  and  Umbral  rocks 
are  the  small  coal-fields  of  M^Auley's  Mountain  and  Black  Creek.  The  Vespertine  formation 
now  ranges  E.  along  the  Nescopeck  Mountain  to  the  sources  of  the  Lehigh.  Here  it  flattens  in 
its  dip,  and,  expanding,  overspreads — except  near  the  anticlinal  axis — the  great  flexure  of  Montour 
Eidge.  Assuming  a  N.  dip,  it  becomes  the  Wyoming  or  JMoosic  Mountain,  the  outer  S.E.  barrier 
of  the  Wyoming  coal-basin.  In  the  synclinal  knob  of  the  Shickshinny  Mountain  it  makes  a 
fifth  sweep  to  the  W.,  enclosing  the  W.  end  of  the  Wyoming  coal-basin,  and  from  this  point  it 
ranges  N.E.  in  the  Shickshinny  and  Lackawanna  Eidge,  forming  the  N.W.  barrier  of  the  coal- 
field until,  this  outcrop  meeting  the  S.E.  one,  the  two  encircle  the  N.  termination  of  the  coal 
valley  in  Wayne  County.  Thus  it  appears  that  the  Vespertine  rocks  of  the  anthracite  region 
form  by  their  W.  outcrops  five  very  symmetrical  parallel  synclinal  basins,  receding  obliquely  E. 
as  they  advance  from  S.  to  N.  To  the  E.  of  the  Lehigh  the  Vespertine  sandstone  expands  in  a 
wide  tract  in  the  general  plateau  of  the  Pokono  Mountain,  the  AV.  part  of  which  it  entirely 
occupies.  Uniting  there  with  the  more  steeply-dipping  belts  of  the  Mahoning  and  Nesque- 
honing  mountains  on  the  S.,  and  with  that  of  the  Nescopeck  on  the  N.,  this  broad  outcrop 
completely  encloses  within  it  the  E.  extremities  of  all  the  Lehigh  coal-basins,  embracing  between 
itself  and  them  valleys  of  the  Umbral  red  shale. 

It  is  not  necessary,  after  the  account  here  given  of  the  range  of  the  Vespertine  sandstone,  to 
trace,  with  a  corresponding  minuteness,  the  outcrop  of  the  Umbral  red  shale.  It  wiU  suflfice  to 
state  that,  being  the  middle  member  of  the  three  carboniferous  formations,  its  monoclinal  outcrops 
occur  invariably  between  those  of  the  underlying  Vespertine  sandstone,  and  those  of  the  over- 
lying coal  conglomerate.  The  lower  portion  of  the  formation  follows  the  Vespertine  sandstone  in 
all  its  windings  and  reaches,  and  usually  outcrops  high  on  the  inner  or  synclinal  slopes  of  the 
ridges  formed  of  that  rock.  On  the  other  hand,  the  upper  part  of  the  series  conforms  itself  to 
the  outcrop  of  the  Serai  conglomerate,  ranging  at  a  high  level  along  the  outer  slopes  of  the 
mountain-barriers  with  which  this  rock  rims  in  the  several  coal-basins,  and  penetrating  aU  the 
anticlinal  coves  and  nooks  which  insert  themselves  between  the  synclinal  knobs  or  spurs  that 
terminate  the  lesser  troughs  of  the  coal-formation.  In  a  few  locahties,  as  at  MiU  Creek,  on 
Broad  Mountain,  and  in  the  Eastern  Middle  Coal-field,  the  Umbral  red  shale  emerges  to  the  day 
in  slender  oval  anticlinal  patches,  encircled  by  the  coal  conglomerate,  but  not  accompanied  by 
any  outcrop  of  the  Vespertine  sandstone. 

The  breadth  and  depth  of  the  valley  occupied  by  the  easily-excavated  Umbral  red  shale 
depend  uj)on  several  circumstances, — the  softness  of  the  mass  contrasted  with  the  power  of 
resisting  watery  erosion  possessed  by  the  two  hard  formations  which  enclose  it,  also  its  relative 
thickness,  the  steepness  or  flatness  of  its  dip,  and  the  presence  or  absence  of  subordinate  flexures 
at  its  outcrop.  Adjoining  the  Southern  and  Western  Middle  Coal-fields,  it  forms  almost  every- 
where a  monoclinal  valley  a  mile  or  so  in  breadth  between  the  crests  of  the  confining  ridges, 
but  narrow  in  its  bed,  and  steeply  curving  in  its  slopes.  Surrounding  the  Wyoming  coal-field, 
this  valley  is  very  narrow,  and  throughout  the  Northern  half  of  the  basin  degenerates  into  little 
more  than  a  bench  or  terrace,  high  on  the  interior  slope  of  the  encircling  mountains. 

It  will  be  expedient  to  postpone  any  general  view  of  the  composition  and  geographical  distri- 
bution of  the  Vespertine  and  Umbral  strata  connected  with  the  bituminous  coal  region  of  the 
State,  until  we  approach  the  systematic  description  of  that  great  group  of  basins ;  but  in  the 
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following  sketch  of  the  coal-rocks  the  description  will  embrace  those  of  the  Western  as  well  as 
those  of  the  Eastern  Coal-fields,  for  the  sake  of  a  clearer  demonstration  of  their  identity  of 
origin,  and  their  ancient  geographical  connection. 

GENERAL  VIEW  OF  THE  SEEAL  SERIES  OR  COAL  STRATA  OF  THE  STATE. 

The  next  group  to  be  described  consists  of  the  Coal  Rocks,  the  last  or  highest  division  of 
the  great  Appalachian  system  of  strata  succeeding  immediately  upon  the  Umbral  series. 

These  strata  constitute  by  far  the  most  valuable  portion  of  all  the  mineral  deposits  of 
Pennsylvania,  and  confer  upon  it  an  amount  of  accessible  wealth  surpassing  that  of  any  other 
commonwealth  of  the  Confederacy,  or  that,  indeed,  of  any  equal  country  on  the  globe. 

While  they  thus  surpass  in  commercial  value,  acre  for  acre,  every  other  group  of  strata,  they 
also  cover  a  far  larger  territory  than  any  other  formation  within  the  State. 

The  truly  gigantic  scale  upon  which  the  coal-fields  of  Pennsylvania  are  modelled,  gives  to  this 
portion  of  her  geology  peculiar  claims  to  the  attention,  not  merely  of  the  geologist,  but  of  the 
capitalist  and  the  statesman. 

By  enabling  the  geologist  to  trace  the  same  coal-seams  and  other  strata  through  their  modi- 
fications of  type,  this  great  horizontal  expansion  of  the  formation  supplies  him  with  important 
data  for  a  sound  theory  of  the  physical  conditions  under  which  the  coal  originated. 

To  the  capitaHst  it  furnishes  the  assurance  of  an  inexhaustible  supply  of  the  two  varieties  of 
raw  material  which  must  henceforth  exceed  all  other  substances  in  commercial  and  industrial 
influence.  Coal,  the  greatest  instrument  of  discovered  mechanical  or  motive  power ;  and  /row, 
the  most  variously  useful  and  most  indispensable  of  the  inorganic  bodies  which  the  Creator  has 
bestowed  on  man.  To  him  it  therefore  exhibits  a  field  for  mining  and  manufacturing  enterprise 
of  almost  unlimited  scope  and  future  growth. 

To  the  statesman  this  display  of  the  pre-eminence  of  Pennsylvania  in  mineral  wealth,  cannot 
but  be  viewed  with  the  deepest  interest,  as  it  must  appear  to  him  by  far  the  largest  element  in 
the  problem  of  her  future  industrial,  social,  and  political  career. 

The  detailed  examination  of  the  coal-fields  of  the  State  engrossed,  therefore,  a  very  important 
share  of  the  labours  of  the  Geological  Survey  from  its  commencement  to  its  recent  close ;  and 
the  facts  collected,  both  special  and  general,  are  proportionably  numerous.  The  better  to 
enable  the  reader  to  grasp  the  extensive  and  complex  body  of  descriptive  details  called  for  by 
the  objects  of  the  Survey,  I  shall  commence  my  systematic  account  of  the  coal-formation  of  the 
State  with  a  brief  general  outline  of  its  composition  and  boundaries,  and  shall  then  recount  more 
in  detail  the  structure  and  contents  of  each  particular  coal-field  or  basin. 

COMPOSITION  OF  THE  COAL  STRATA. 

The  coal-formation  of  Pennsylvania  embraces  a  very  great  variety  of  strata,  extending  to 
nearly  all  the  prevailing  forms  of  sandstone,  slate,  limestone,  and  coal.  These  materials  may  be 
ranked  under  the  following  three  classes  of  sedimentary  deposits — namely,  Rocks  of  Mechanical, 
of  Chemical,  and  of  Organic  or  Vital  origin. 

The  coal  strata  of  Mechanical  origin  are  coarse  heterogeneous  conglomerates,  chiefly  of 
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quartzose  grains  and  pebbles,  silicious  and  argillaceous  sandstones  of  all  grades  of  coarseness  and 
fineness  of  grain,  and  composed  of  sand  and  clay  in  all  degrees  of  mixture  ;  and  a  great  variety 
of  carbonaceous  slates,  clay-shales,  and  grey  and  purplish-coloured  marls.  The  coarser  and  more 
silicious  of  these  deposits  prevail  most  in  the  inferior  part  of  the  series,  where  massive  beds  of 
conglomerate  and  silicious  sandstone  occur,  both  interstratified  with  the  lower  coal-beds  and 
underneath  them.  It  is  only  among  the  higher  strata  of  the  formation  that  the  calcareous  shales 
or  variegated  marls  make  their  appearance,  and  the  geographical  range  of  these  is  restricted  to 
the  more  central  tracts  of  the  great  basin  of  the  Western  side  of  the  State,  or  that  of  the  Ohio 
River. 

The  Chemically-derived  coal-rocks  are  limestone,  chert,  and  iron  ore.  Some  of  the  limestone- 
beds  consist  of  nearly  pure  carbonate  of  lime,  some  contain  also  carbonate  of  magnesia,  while 
others  embrace,  besides  these  tM^o  ingredients,  a  large  admixture  of  argillaceous  and  silicious 
matter.  All  the  limestones  give  proof  of  having  been  deposited  in  very  tranquil  water,  for  their 
sandy  and  argillaceous  particles  are  very  evenly  incorporated,  and  almost  impalpably  fine.  These 
beds  of  limestone  exist  only  in  the  middle  and  higher  parts  of  the  series,  and  they  are  confined 
to  the  bituminous  basins,  having  indeed  but  little  development,  except  in  the  main  AA'^esteru  one 
of  the  Alleghany  River.  In  the  anthracite  measures,  which  are  the  most  Eastern  of  all  the 
coal  strata,  no  limestone  whatever  appears.  Many  of  the  thicker  of  the  Western  calcareous  coal 
strata  consist  of  alternating  layers  of  limestone  and  soft  marly  shale. 

Chert  occurs  in  two  or  three  positions  below  the  middle  part  of  the  series,  in  continuous  beds  of 
very  considerable  horizontal  area,  but  only  in  the  bituminous  basins,  and  chiefly  in  the  main 
Western  one.  One  of  these  masses  of  chert  is,  for  the  most  part,  in  contact  Avith  a  bed  of  lime- 
stone, of  which,  indeed,  it  forms  almost  a  portion,  the  two  materials  appearing  to  have  been  preci- 
pitated in  immediate  succession  from  the  same  waters. 

Argillaceous  Iron  Ore  is  another  constituent  of  the  coal  strata  to  which  a  chemical  origin  is 
attributable.  It  occurs  as  the  carbonate  of  iron,  usually  in  courses  or  bands  of  nodules  enclosed 
in  the  softer  shales,  and  especially  in  the  fire-clay  which  underlies  almost  every  seam  of  coal.  The 
ore  likewise  exists  in  continuous  though  thin  layers,  particularly  when  in  contact  with  one  of 
the  deposits  of  limestone. 

Interstratified  among  these  various  deposits  are  the  seams  or  beds  of  the  coal  itself,  a  product  of 
neither  mechanical  nor  ordinary  chemical  action,  but  of  Vital  agency,  namely  of  vegetation.  These 
seams  are  of  all  degrees  of  thickness,  from  a  few  inches  to  many  feet.  This  valuable  material, 
coal,is  found  within  the  limits  of  the  State  in  nearly  all  its  known  varieties — in  some  districts  under 
the  form  exclusively  of  compact  anthracite,  in  others  under  that  of  a  very  fusible  bituminous 
coal,  and  in  others,  again,  exhibiting  every  intermediate  proportion  of  bitumen  which  it  is  possible 
for  coal  to  contain.  The  place  of  the  principal  coal-seams  among  the  extensive  group  of  strata 
composed  of  the  foregoing  varieties,  is  towards  the  middle  of  the  formation,  neither  the  very  lowest 
nor  the  highest  portions  containing  any  extensive  seams  of  sufficient  thickness  to  be  valuable. 

Ar-ea  and  General  Dist7'ihution  of  the  Coal  Strata. — The  Coal-measures  within  the  limits  of 
Pennsylvania  cover  an  area  of  about  12,623  square  miles,  or  not  much  less  than  one-fourth  of  the 
whole  surface  of  the  State.  They  occupy  two  distinct  regions,  one  of  which  contains  only  anthra- 
cite, or  non-bituminous  coal,  and  the  other  only  the  Levant  bituminous  varieties.  The  superficial 
extent  of  the  bituminous  coal-measures  greatly  surpasses  that  of  the  anthracitic  strata.  With 
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one  partial  exception,  the  two  sorts  of  coal  do  not  coexist  in  the  same  basin,  nor  indeed  in  the 
same  region. 

The  positions  of  the  several  anthracite  basins  have  been  already  defined  ;  the  more  precise 
limits  of  each  will  be  traced  in  future  chapters. 

We  now  proceed  to  sketch  the  general  boundary  of  the  vast  area  occupied  by  the  bituminous 
coal  strata. 

Limits  of  the  Bituminous  Coal-Measures. — Almost  the  whole  of  the  bituminous  coal  of 
Pennsylvania  lies  to  the  N.W.  of  a  line  following  the  main  crest  or  escarpment  of  the  Alleghany 
Mountain  from  the  Maryland  State  line  to  the  Susquehanna,  thence  up  the  river  to  the  Sinne- 
mahoning,  and  up  this  latter  stream  to  the  sources  of  Trout  Eun,  extending  thence  North-west- 
ward to  Warren,  and  from  Warren  W.S.W.  by  the  course  of  the  Alleghany  River  to  Franklin, 
and  from  Franklin  to  the  Ohio  State  line  at  Sharon,  in  Mercer  County.  On  the  W.  the  limit  is 
the  State  line  of  Ohio,  and  on  the  S.  it  is  that  of  Virginia. 

Besides  this  great  and  almost  unbroken  coal-field,  there  are  several  insulated  tracts  outside 
of  the  boundary  here  drawn.  One  of  these  is  the  Wills'  Creek  basin,  in  the  S.E.  corner  of 
Somerset  County,  the  part  in  Pennsylvania  being  but  the  extremity  of  the  Potomac  Basin  of 
Maryland ;  another  is  the  coal-field  of  the  Broad-Top  Mountain  in  Bedford  ;  a  third,  that  of 
Towanda  Creek  in  Bedford  ;  a  fourth,  that  of  Blossburg  in  Tioga.  All  of  these  are  destined, 
from  their  positions  to  markets,  to  be  hereafter  of  much  value  in  the  coal  or  iron  commerce  of 
the  State. 

There  are  several  other  smaller  detached  patches  of  the  coal- formation  in  Luzerne,  Lycom- 
ing, Tioga,  Potter,  and  M'^Kean  counties,  but  these  are  of  less  relative  im2:)ortance.  I  reserve 
for  a  subsequent  Chapter  a  more  exact  dehneation  of  the  limits  of  the  coal  strata  both  of  the 
great  Trans- Alleghany  coal  region,  and  the  smaller  outlying  tracts  to  the  E.  and  N. 

Within  the  general  boundaries  sketched  above,  the  coal  strata  almost  everywhere  underlie 
the  soil.  The  only  tracts  where  other  formations  emerge  and  subdivide  the  coal  region,  are  the 
summits  and  slopes  of  the  long  narrow  anticlinal  ridges,  the  Negro  Mountain,  Laurel  Hill, 
and  Chestnut  Ridge,  except,  indeed,  on  the  Northern  and  North-western  edge  of  the  district, 
where,  as  in  the  neighbourhood  of  the  Sinnemahoning,  the  same  lower  strata  intrude  a  little 
within  the  general  boundary.  The  coal-formation,  therefore,  occupies  nearly  the  whole  of 
Somerset  and  Cambria,  the  greater  part  of  Clearfield,  a  corner  of  Clinton,  one-half  of  Elk,  the 
chief  part  of  Jefierson,  a  corner  of  M'^Kean,  and  the  adjacent  corner  of  Warren,  a  part  of  Forest, 
nearly  all  of  Venango,  and  of  Mercer  and  Lawrence,  besides  the  entire  surface  of  Clarion,  Indiana, 
Armstrong,  Butler,  Beaver,  Alleghany,  Washington,  and  Green,  together  with  nearly  the  whole 
of  Westmoreland  and  Fayette  counties. 

Ample  as  this  wide  area  of  our  inexhaustible  deposits  of  fossil  fuel  appears,  it  constitutes 
but  a  small  portion— only  the  N.E.  extremity,  indeed^ — of  a  coal-field  of  much  more  stupendous 
size,  the  great  Appalachian  basin,  extending  continuously  to  Alabama,  the  largest  and  richest 
coal  region  on  the  globe. 

This  enormous  coal-field,  beginning  at  the  N.E.  in  Pennsylvania,  as  already  shown,  ranges 
South-westward  through  Ohio,  Virginia,  Maryland,  Kentucky,  and  Tennessee,  and  only  terminates 
in  the  interior  of  Alabama.  Its  total  length  is  about  875  miles,  and  its  greatest  width,  measured 
from  the  escarpment  of  the  Alleghany  Mountain  to  Akron  in  Ohio,  is  about  180  miles.  I 
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estimate  it  to  cover  very  nearly  70,000  square  miles,  and  to  constitute  more  than  one-third  of 
the  total  known  area  of  coal  strata  in  the  world.  As  the  central  or  deepest  portion  of  this 
prodigious  basin  coincides  nearly  with  the  "  Long  Eeach "  of  the  Ohio  River,  between  Marietta 
and  the  mouth  of  Fishing  Creek,  it  is  obvious  that  the  South-western  counties  of  Pennsylvania 
are  situated  far  enough  within  the  trough  to  embrace  the  coal-formation  in  nearly  its  greatest 
thickness,  and  I  have  ascertained  that  only  one  or  two  valuable  coal-beds,  the  very  highest  in 
the  basin,  fail  to  enter  the  State.  The  chief  of  these  is  the  Carr's  Eun,  or  Pomeroy  Seam,  so 
extensively  and  profitably  mined  on  the  Ohio  River. 


CLASSIFICATION  OF  THE  COAL  ROCKS,  AND  THEIR  MODIFICATIONS  OF  TYPE. 

CLASSIFICATION. 

The  Coal-formation  of  Pennsylvania,  especially  under  its  Western  development  in  the  great 
Appalachian  Basin,  demands  a  fivefold  subdivision.  The  strata  naturally  group  themselves  in 
the  following  sets  or  sub-formations  : — 


1.  Serai  Conglomerate. 

2.  Older  Coal-measures. 


3.  Older  Coal-shales. 

4.  Newer  Coal-measures. 


5.  Newer  Coal-shales. 


JV'eu'ec  C.  J/eu,furtw.        Older  t'otU  Sliatf9.  Older  Coat  Untsum,  Serai  Conjflofnerate. 

4  3  .i  1 

Fig.  137. — Subdivisions  of  the  Coal  Series  of  Pennsylvania. 


I.— THE  SERAL  CONGLOMERATE. 

General  Characters. — This  well-characterised  and  widely-distributed  member-  of  the  Coal 
series  consists,  in  its  ordinary  or  typical  condition,  of  grey  and  whitish  quartzose  conglomerate 
in  massive  beds,  alternating  with  grey  and  yellowish  sandstone.  In  many  districts  it  includes 
one  or  more  thin  seams  of  coal.  In  the  anthracite  region  it  is  a  very  heterogeneous  deposit,  con- 
sisting of  thick  and  ponderous  sheets  of  an  extremely  coarse,  firmly-cemented,  and  massive  rock  of 
quartzose,  and  other  pebbles,  of  all  sizes,  from  the  smallest  to  that  of  a  hen's  egg  ;  of  coarse  grey 
sandstones,  sandy  shales,  rough  coal-slates,  and  even  in  some  quarters  thick  and  valuable  beds 
of  coal ;  but  this  diversity  of  composition  grows  less  as  it  passes  Westward  beneath  the  bitu- 
minous basins.  There  the  pebbles  are  smaller,  and  the  rock  has  rather  the  aspect  of  a  coarse 
silicious  white  pebbly  sandstone  than  that  of  a  conglomerate,  and  its  parts  cohere  much  less 
closely.  A  full  synoptic  account  of  this  member  of  the  Coal  series,  in  aU  its  modifications  of 
composition  and  thickness,  has  already  been  given  in  the  Introductory  Book,  Chapter  III.,  page 
146.  From  that  exhibition  of  its  various  types,  we  can  see  at  a  glance  its  remarkable  gradations 
as  it  spreads  toward  the  N.  and  W.  It  is  an  extremely  persistent  deposit,  and  accompanies  the 
Coal-measures  of  the  great  Appalachian  basin  everywhere,  not  merely  in  Pennsylvania,  but 
throughout  the  other  States  to  the  S.W.,  forming  invariably  their  floor.  As  it  thus  underlies  both 
the  anthracite  and  the  bituminous  Coal-meastires,  and  in  fact  alternates  intimately  with  their  lowest 
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coal-beds,  it  establishes  conclusively  the  identity  in  age  and  origin  of  these  two  externally 
dissimilar  sets  of  Coal-measures.    That  it  is  properly  itself  a  subdivision  of  the  Coal-measures  is 
sliown  in  its  containing  regular  and  even  thick  beds  of  the  coal,  identical  in  composition  with 
the  seams  of  the  generally  productive  overlying  group,  and  also  in  its  enclosing  innumer-  j 
able  genuine  fossil  coal-plants,  especially  the  fragmentary  stems  of  Lepidodendra,  Sigillaria,  j 
and  Ferns.  i 

! 

II.— LOWEE  COAL-MEASUEES. 

Anthracite  Region. — It  has  just  been  intimated  that  the  older  or  lower  division  of  the  Coal- 
bearing  strata  rests  directly  on  the  Conglomerate,  and  that  the  two  are  indeed  closely  united  by 
an  alternation  of  their  contiguous  beds.  It  is,  therefore,  impossible  to  assign  a  weU-defined 
permanent  horizon  of  separation ;  but  considerations  of  convenience  dictate  that  we  place  an 
arbitrary  boundary  at  the  bottom  of  the  first  or  lowest  considerable  coal-seam.  The  upper  limit 
of  the  older  coal  group  is  entirely  arbitrary  in  the  anthracite  basins,  but  considerations  of  con-  j 
venience  dictate  that  we  place  it  in  the  rocks  which  immediately  underlie  the  great  Mammoth 
seam  of  the  Pottsville  district.  The  anthracite  Coal-measures  embrace  the  following  classes  of 
strata  : — 

1.  Coarse  grey  micaceous  sandstones,  and  near  their  lower  limits  a  few  massive  beds  of 
con2;lomerate. 

2.  Grey  and  bluish  argillaceous  sandstone. 

3.  Compact  blue  slate,  frequently  covering  the  coal-beds,  and  also  occurring  in  independent 
strata. 

4.  Blue  compact  shale  of  rather  fine  texture,  having  frequently  an  irregular  and  splintery 
fracture,  and  containing  rootlets  of  Stigmaria.  This  is  the  prevailing  floor  of  the  seams  of  coal  ; 
it  is  a  somewhat  coarse  or  silicious  fire-clay. 

5.  Beds  or  seams  of  anthracite  coal. 

The  slates  and  shales  of  the  anthracite  measures  are,  on  the  average,  more  silicious  and  sandy 
than  the  argillaceous  deposits  of  the  bituminous  basins.    Some  of  these  shales  are  very  slightly  ^ 
calcareous  ;  but  in  all  the  anthracite  basins  there  is  not  one  heel,  however  thin,  of  true  lime-       -  | 
sto7ie. 

Particular  layers  of  the  blue  argillaceous  shale  contain  nodules  of  day  ij'on-ore,  or  argil- 
laceous carbonate  of  iron,  in  more  or  less  well-defined  courses.  This  species  of  ore,  so  general 
an  accompaniment  of  coal  shales  in  all  parts  of  the  world,  chiefly  abounds  in  the  lower  portion 
of  the  lower  anthracite  measures  ;  it  is  plentifully  met  with,  and  purest,  in  the  under  shales  or 
fire-clays  of  the  coal-beds.  Throughout  all  the  anthracite  basins  the  ore,  as  a  general  rule,  is  more 
silicious  in  its  composition  than  that  of  the  bituminous  measures  W.  of  the  Alleghany  Moun- 
tain, and  the  surrounding  shale  adheres  more  firmly  to  the  nodules,  causing  an  increase  of 
labour  and  expense  to  cleanse  them  for  the  furnace. 

Thickness. — To  estimate  the  total  thickness  of  the  older  anthracite  measures  is  not  easy, 
owing  to  the  impediments  to  exact  measurement  from  contortions  of  the  strata  and  extensive 
dislocations  intersecting  the  formation. 

Along  the  Southern  side  of  the  Pottsville  Basin  the  strata  of  this  group,  ranging  in  the 
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Northern  slope  of  the  Sharp  Mountain,  have  their  thickness  obscured  by  an  excessive  squeezing 
of  the  coals  and  softer  measures.  We  must  have  an  estimate,  therefore,  on  measurements  of 
the  formation  on  the  Northern  side  of  this  basin,  or  on  data  collected  in  the  other  coal-fields. 
The  total  thickness  of  the  Coal-measures  of  the  Pottsville  Basin  on  Silver  Creek  is  about  3000 
feet,  measuring  from  the  upper  beds  of  unproductive  conglomerate  to  the  synclinal  axis  at  the 
Schuylkill.  Of  this  mass,  about  967  feet  lie  below  the  Skidmore  seam,  or  belong  to  the  lower 
White-Ash  group  ;  330  feet  represent  the  upper  White  and  Grey  Ash  group,  ending  with  the 
Black  Valley  coal ;  and  about  1261  feet,  theEed-Ash  series  to  the  Peach  Mountain  bed  inclusive. 
In  other  districts  the  relations  of  these  several  groups  in  respect  to  thickness,  and  the  number  and 
dimensions  of  their  included  coals,  will  be  very  different,  so  that  no  general  statement  can  be 
given  which  will  fairly  express  their  average  development  in  the  anthracite  country  ;  but  the 
above  will  serve  as  one  instance.  The  various  sections  and  details  to  be  hereafter  presented 
will  offer  many  more. 

Many  of  the  coal-beds  of  the  inferior  group  have  a  thickness  which  is  truly  extraordinary, 
and  this  is  not  local,  but  belongs  to  them  throughout  their  entire  line  of  outcrop  in  all  the 
anthracite  basins.  Each  of  these  basins  contains  two  or  more  great  beds  of  coal  which  surpass 
in  size  any  others  known  in  North  America,  and  rival  the  thickest  in  the  world.  The  larger 
beds  are  in  some  districts  from  25  to  30  feet  thick,  and  by  the  occasional  thinning-out  of  the 
intervening  rocks,  two  or  more  thick  seams  sometimes  coalesce  and  form  one  of  still  greater 
dimensions. 

The  Older  Bituminous  Coal-measures. — The  strata  present  features  which  deviate  somewhat 
from  those  of  the  lower  anthracite  group.  The  conglomerates  of  the  lowest  anthracitic  seams 
are  in  the  Western  or  bituminous  basin  represented  by  coarse  sihcious  grey  and  yellowish 
sandstones,  containing  occasionally  a  more  or  less  abundant  sprinkling  of  small  and  well- 
rounded  quartzose  pebbles,  imparting  to  them  a  partially  conglomeritic  character.  These  sand- 
stones derive  their  yellowish  stain  from  the  hydrated  peroxide  of  iron.  Similar  sandstones  fill  up  a 
portion  of  the  wider  intervals  between  the  coal-beds  throughout  this  older  group.  These  aren- 
aceous strata,  more  especially  the  inferior  ones,  are  the  main  reservoirs  of  the  brine,  which  is 
tapped  by  the  artesian  borings  at  so  many  localities  in  the  bituminous  region.  Either  the  older 
anthracitic  conglomerates  and  sandstones  were  never  impregnated  with  salt  as  these  were,  or 
their  more  crushed  and  uplifted  condition  has  caused  it  to  filter  away  to  inaccessible  depths  ;  or 
what  is  more  probable  still,  the  steaming  which  the  anthracite  Coal-measures  underwent  during 
their  metamorphism  has  exhaled  the  chloride  of  sodium  which  they  contained. 

As  a  general  rule,  the  sandstones  of  the  older  bituminous  measures  are  much  softer,  finer- 
grained,  and  more  argillaceous  than  the  arenaceous  rocks  of  the  anthracite.  The  shales  and 
slates  are  less  sandy,  and  have  a  finer  texture,  and  the  fire-clays  are  more  purely  argillaceous  ; 
but  the  most  striking  distinction  is  the  absence  of  limestone  and  calcareous  matter  in  the 
anthracitic  regions,  and  their  frequent  presence  in  the  bituminous.  These  constituents  of  the 
strata  progressively  augment  in  the  older  Coal-measures  as  we  advance  Westward  from  the 
Alleghany  Mountain  ;  the  shales  become  steadily  more  calcareous  and  marly,  and  the  beds 
of  limestone  thicker  and  more  numerous.  Li  the  main  Western  basin  there  are  usually  three 
deposits  of  limestone,  distinguishable  not  only  by  their  aspect,  but,  wherever  they  are  fossili- 
ferous,  by  their  organic  remains.    It  is  in  this  lower  group  of  coals  that  one  of  the  principal 
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beds  of  chert  occurs.  Here  likewise  are  nearly  all  the  layers  of  iron  ore  which  belong  to  the 
bituminous  Coal-measures. 

The  thicl-ness  of  the  older  bituminous  measures  in  the  district  of  the  Alleghany  Kiver  is 
apparently  about  600  feet. 

III.— OLDER  COAL-SHALES,  OR  LOWER  BARREN  GROUP. 

Between  the  lower  and  upper  Coal-measures  there  is  interposed  a  group  of  strata  which  in 
the  bituminous  region  contains  no  coal-seams  of  notable  dimensions. 

In  the  anthracite  basins  this  barren  group  of  Western  Pennsylvania  is  not  recognisable. 
Indeed,  it  has  not  been  possible,  after  very  patient  study,  to  co-ordinate  the  individual  coal-beds, 
or  the  different  groups  of  the  coal-measures  of  the  bituminous  coal-field,  with  those  of  the  anthra- 
citic.  In  the  "Western  coal-fields  this  group  includes  not  only  several  thick  strata  of  soft  argil- 
laceous sandstone,  but  various  deposits  of  red,  yellow,  and  blue  calcareous  shale  or  marl,  and  two 
or  three  unimportant  beds  of  argillaceous  limestone.  The  coloured  aspect  of  these  shales,  some 
of  which  are  brightly  tinted,  enables  the  observer  at  once  to  recognise  them,  and  to  ascertain  his 
place  in  the  formation.  This  feature  grows  more  and  more  conspicuous  as  we  advance  from  the 
Alleghany  Mountain  westward  into  Ohio.  The  limestones  likewise  augment  in  thickness  in  the 
same  direction,  being  in  the  basins  near  the  Alleghany  Mountain  only  a  few  feet  thick,  but 
amounting  at  Pittsburg  to  about  30  feet.  Their  position  is  near  the  top  of  the  group.  Thi§ 
lower  barren  group  has  for  its  inferior  limit  the  top  of  the  Upper  Freeport  coal,  and  for  its  superior 
boundary  the  bottom  of  the  great  Pittsburg  bed.  About  300  feet  of  its  upper  strata  are  visible 
near  Pittsburg,  between  the  level  of  the  Monongahela  Eiver  and  that  of  the  main  coal-seam  of 
the  district. 

Very  little  iron  ore  occurs  in  this  division  of  the  coal  series.  Some  of  the  layers  of  limestone 
contain  interesting  and  distinctive  species  of  fossil  shells,  corals,  and  other  remains  indicative 
of  a  marine  origin  for  some  parts  at  least  of  the  formation. 

IV.— UPPER  OR  NEWER  COAL-MEASURES. 

Above  the  older  Coal  Shales  of  the  Bituminous  Coal-measures  of  the  main  Western  basin  there 
occur  several  seams  of  coal,  the  two  lowest  of  which,  the  Pittsburg  and  the  Waynesburg  beds, 
and  occasionally  a  third,  are  valuable  beds. 

The  first  of  these  is  a  deposit  of  very  great  value. 

For  the  sake  of  convenience  I  have  grouped  together  these  uppermost  workable  beds  under 
the  name  of  the  Upper  or  Newer  Coal-measures.  That  part  of  the  formation  which  embraces 
them,  measuring  it  from  the  bottom  of  the  Pittsburg  coal  to  the  top  of  the  Waynesburg  seam,  has 
an  average  thickness  of  from  200  to  240  feet.  It  consists  in  the  more  Eastern  bituminous 
basins  of  argillaceous  sandstones,  calcareous  shales,  and  thin  layers  of  limestone  ;  but  as  w^e  pur- 
sue it  Westward  across  the  Monongahela  to  Wheeling  the  sandstones  progressively  fade  away, 
the  shales  become  more  calcareous,  and  the  limestones  greatly  increase,  until  these  two  latter 
kinds  of  rock  constitute  on  the  Ohio  Eiver  the  principal  materials.  In  this  portion  of  the  series 
we  meet  with  almost  no  clay  iron-ore. 
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It  is  not  easy  to  determine  what  portions  of  the  coal  series  of  the  anthracite  basins  represents 
the  upper  productive  coal  group  of  the  bituminous  region,  nor  is  it  at  all  certain  that  any  part 
of  the  classification  natural  for  the  Western  Coal-measures  will  apply  to  the  Eastern.  The 
mutability  of  all  the  coal  strata  on  a  large  scale,  shown  by  the  thinning-out  and  coming-in  of  the 
coal-beds  and  the  rocks  which  separate  them  in  both  coal  regions,  should  discourage  any  expec- 
tation of  our  ever  successfully  co-ordinating  the  individual  deposits  of  the  two  districts,  though 
we  are  well  convinced  they  were  once  united  and  continuous.  I  shall  therefore  refrain  from 
a  closer  parallel  between  the  two  sets  of  strata. 

v.— UPPER  OR  NEWER  COAL -SHALES,  OR  UPPER  BARREN  GROUP. 

It  is  questionable  whether  any  part  of  this  the  uppermost  division  of  the  coal-rocks  has  been 
preserved  from  denudation  in  the  anthracite  basins,  if,  indeed,  it  ever  existed  there. 

The  group  is  distinctly  recognised  only  in  the  South-western  corner  of  the  State,  W.  of  the 
Monongahela  Kiver,  and  S.  of  the  Ohio.  There,  in  the  hills  of  Green  County,  the  total  thickness 
of  the  group  amounts  to  between  900  to  1000  feet.  It  includes  four  or  five  thin  seams  of  coal 
which  seldom  expand  to  the  thickness  of  2  feet,  and  are  therefore  of  little  or  no  value.  It  con- 
tains also  a  number  of  thin  beds  of  limestone,  from  2  to  5  feet  in  thickness,  but  the  chief  strata 
are  sandy  shales  and  flaggy  micaceous  sandstones  more  or  less  argillaceous.  Some  of  the  shales 
are  calcareous,  and  when  this  is  so,  the  overlying  soil  has  more  fertility  than  usually  belongs  to 
the  group.  No  iron  ore,  in  any  notable  quantity,  has  hitherto  been  discovered  in  this  part  of  the 
formation. 

Having  in  the  foregoing  sketch  given  a  brief  general  account  of  the  composition  of  the  coal 
strata  of  Pennsylvania,  I  shall  proceed  to  a  detailed  description  of  the  several  anthracite  basins 
of  the  Eastern  Carboniferous  District. 

ANTHEACITIC  COAL  STRATA. 
I.— BOUNDARIES  OF  THE  SEVERAL  COAL  BASINS. 

The  general  limits  of  the  region,  embracing  the  anthracitic  Coal-measures,  have  been  already 
sketched,  and  it  was  stated  that  the  area  actually  covered  by  the  coal-bearing  strata  is  small  in 
proportion  to  the  whole  territory  within  which  they  are  distributed. 

An  inspection  of  the  geological  maps  will  show  that  the  three  long  and  nearly  parallel  areas  of 
the  coal  strata,  separated  from  each  other  by  anticlinal  belts  of  the  Middle  Pal£eozoic  rocks,  are 
aU,  if  we  except  the  more  simple  Wyoming  Basin,  rather  groups  of  synclinal  troughs  than  soli- 
tary basins. 

The  Southern  Anthracite  Basin,  or  the  Schuylkill  or  Pottsville  Basin,  extends  from  the  Lehigh 
at  Mauch  Chunk  westward  between  the  Locust  and  Broad  mountains  on  the  N.,  and  the  Sharp 
Mountain  on  the  S.,  in  a  gently  widening  valley  to  the  waters  of  the  Swatara,  near  Tremont, 
where  it  separates  into  two  contracting  prongs,  the  N.  and  shortest  of  which  stretches  Westward 
to  its  termination  as  the  Wiconisco  Basin  between  the  Bear  and  AViconisco  mountains  ;  and  the 
Southern,  known  as  the  Dauphin  Basin,  bounded  by  the  Sharp  and  Fourth  mountains,  reaches 
to  within  3  miles  of  the  Susquehanna  River.    Intimately  connected  with  this  great  basin  is  the 
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smaller  and  closely-adjacent  coal- valley  N.  of  Mine  Hill.  This  slender  trough  is  called  the 
Mine  Hill  Basin.  North  of  the  Mine  Hill  Basin  there  are  other  smaller  ones  in  the  Broad 
Mountain. 

The  Eastern  Middle  or  Lehigh  Basins  include  the  Spring  Mountain,  the  Beaver  Meadow, 
the  Pismire  Hill,  the  Hazleton,  the  Big  and  Little  Black  Creek,  and  the  Bucks  Mountain  basins, 
besides  the  small  coal-fields  of  Green  and  M"^Auley's  mountains.  This  group  of  seven  elevated 
and  relatively  shallow  coal-valleys  is  bounded  on  the  N.  by  the  Bucks  and  Green  mountains, 
E.  by  the  valley  of  the  Lehigh,  S.  by  the  Spring  Mountain,  and  W.  by  the  valley  of  the 
Catawissa. 

The  Western  Middle  Group  of  Basins  comprehends  those  of  Mahanoy  and  Shamokin  ;  but 
towards  the  E.  each  of  these  divides  into  three  distinct  branches,  and  thus  there  are  in  that 
quarter  sis  lesser  shallow  troughs.  The  whole  group  is  bounded  on  the  N.E.  and  N.  by  the 
valley  of  the  Catawissa  and  its  branches,  and  more  immediately  by  the  ridge  of  the  Big  or 
Shamokin  Mountain  and  the  Head  Mountain ;  S.E.  and  S.  by  the  valleys  of  Locust  Creek,  and 
the  Big  and  Little  Mahanoy  creeks,  but  more  immediately  by  the  Broad  Mountain  and  the 
Alahanoy  Mountain.  The  basins  of  Broad  Mountain  are  on  the  high  broad  anticlinal  table-land 
of  that  name,  between  the  Mine  Hill  and  the  Mahanoy  basins. 

The  Northern  or  Wyoming  Basin  is  bounded  on  the  N.W.  by  the  general  rim  of  mountain 
locally  known  as  the  Lackawannock,  Shawnee,  Plymouth,  and  Nanticoke  ridges,  and  on  the 
S.E.  and  S.  by  the  Moosic  and  Wyoming  mountains.  From  the  N.E.  end  of  the  basin  near 
Carbondale,  where  the  Lackawannock  and  Moosic  ridges  unite,  it  gradually  expands,  until  at 
Pittston  and  Wilkesbarre  it  is  nearly  4  miles  wide.  W.  from  this  central  district  it  again  con- 
tracts, the  N.  and  S.  crests  which  confine  it  closing  together  at  Beach  Grove,  where  the  Susque- 
hanna cuts  across  them  near  their  junction.  In  its  general  form  this,  which  is  the  most  regular 
and  picturesque  of  the  anthracite  basins,  is  a  long  crescent-shaped  valley,  one  horn  of  the  crescent 
pointing  N.  and  the  other  W. 

II.— COMPOSITION  OF  THE  SEEAL  CONGLOMERATE  IN  THE  SPECIAL  TYPE  WHICH 
IT  PRESENTS  IN  THE  ANTHRACITE  REGION. 

In  the  Anthracite  districts,  the  immediate  floor  and  geographical  boundary  of  the  true  Coal- 
measures,  is  the  easily  recognised  Serai  conglomerate.  From  the  fact  of  its  great  hardness,  com- 
pared with  that  of  the  argillaceous  Coal-measures  on  its  one  border,  and  that  of  the  Umbral  red 
shale  on  its  other,  the  denuding  waters  which  wore  down  those  soft  formations  into  valleys  have 
left  it,  especially  where  its  dip  is  steep,  projecting  high  above  them  in  bold  and  well-defined 
mountain-crests  or  ridges.  All  the  coal  basins  just  defined  are  therefore  encircled  by  con- 
spicuous natural  barriers  of  this  thick  and  enduring  formation. 

In  its  mineral  constitution,  the  Serai  conglomerate  of  the  Anthracite  is,  as  already  stated,  a 
coarse,  rather  heterogeneous,  but  mainly  quartzose  mass,  made  up  of  grey  conglomerates,  white, 
grey,  and  brownish  sandstones,  and  a  few  thin  beds  of  dark  carbonaceous  slate,  the  conglo- 
merates forming  the  largest  and  most  characteristic  portion  of  the  mass.  This  somewhat 
diversified  structure  belongs  especially  to  its  more  S.E.  outcroj^s  ;  for  traced  N.W.,  especially 
into  the  bituminous  region,  it  assumes  more  and  more  the  simple  aspect  of  a  grey  silicious  con- 
glomerate and  whitish  sandstone.    Its  heterogeneous  composition  is  well  shown  in  the  first  or 
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Southern  basin,  especially  as  it  is  developed  in  the  Sharp  Mountain,  where  it  is  not  only  thickest, 
but  has  its  greatest  complexity  of  type. 

In  this  outcrop,  under  an  average  thickness  of  about  1200  feet,  it  presents  three  subdivisions. 
The  Lower  division  embraces — 

1.  Yellow  and  grey  sandstones,  alternating  with  thin  beds  of  red  shale,  identical  with  the 
Vespertine  red  shale,  and  containing  a  few  scattered  quartz  pebbles,  some  of  which  are  large. 
This  division,  which  exhibits  a  passage  from  the  Umbral  to  the  Serai  deposits,  is  from  60  to  70 
feet  thick. 

2.  Massive  beds  of  a  conglomerate  composed  of  quartz  pebbles  in  a  paste  of  disintegrated 
green  slate.  These  beds  also  include  layers  of  red  shale.  The  thickness  of  this  portion  is  from 
10  to  20  feet.  In  the  very  lowest  bands  of  this  rock,  especially  those  which  alternate  with,  or 
are  imbedded  in,  the  upper  layers  of  the  Umbral  red  shale,  this  imbedding  material  is  greenish, 
and  sometimes  quite  yellow.  This  green  tint  is  due  apparently  to  a  mixture  of  triturated 
chlorite  slate  or  metamorphic  clay-slate,  chloritic  and  talcose  in  aspect,  mingled  with  the  sand. 
These  greenish  conglomerates  of  the  base  of  the  formation  are  very  beautiful,  and  were  they  only 
of  a  material  which  would  admit  of  being  dressed  or  poKshed,  they  would  be  valuable  for  orna- 
mental uses. 

These  rocks  are  well  exposed  on  the  back  track  of  the  Lehigh  Company's  chain  of  roads, 
especially  between  the  Old  Mauch  Chunk  Tunnel  and  the  crossing  of  the  tracks.  In  this 
neighbourhood  we  have  fine  exhibitions  of  some  of  the  coarser  beds,  and  may  see  masses  con- 
taining quartzose  and  sandstone  pebbles  not  less  than  5  or  even  6  inches  in  diameter. 

Other  layers  of  this  lower  conglomerate  group  are  more  uniformly  composed  of  white 
quartzose  pebbles,  but  even  such  beds  have  their  pebbles  less  closely  set  and  less  regular  in  size 
than  we  find  them  in  the  layers  of  the  main  upper  division. 

This  lower  group  forms  the  S.  crest  and  upper  steep  S.  slope  of  the  Sharp  Mountain. 

3.  A  coarse  silicious  conglomerate  of  large  and  irregular  pebbles,  chiefly  of  milky  quartz,  but 
with  others  resembhng  the  Primal  and  Matinal  slates ;  and  a  few  of  dark-grey  sandstone,  of 
perhaps  the  same  age.  Among  these  pebbles  none  are  found  referable  to  the  granitic  or  gneissic 
rocks.  In  some  localities  the  quartz  pebbles  of  these  lower  strata  are  of  extraordinar}^  dimen- 
sions ;  thus,  in  the  Head  Mountain  they  often  exceed  8  inches  in  their  longest  diameters. 
Many  of  the  pebbles  in  this  division  of  the  formation  appear  to  liavc  lieen  derived  from  the 
Levant  sandstones  of  the  type  seen  in  the  Kittatinny  Mountain ;  others  seem  to  have  come 
from  the  Primal  white  sandstone. 

4.  Chiefly  yellow  and  white  sandstones,  with  included  layers  of  a  grey  grit,  composed  of 
pebbles  of  crushed  slate. 

The  Middle  division  of  the  formation  consists  chiefly  of  thick  irregular  obliquely-deposited 
beds  of  a  hard  blue  rock  made  up  of  quartz,  sand,  clay,  and  small  pebbles  of  slate.  In  the 
Sharp  Mountain  this  part  of  the  formation  embraces  beds  of  slate,  almost  identical  with  the 
slates  which  enclose  the  coal-seams. 

There  is  also  much  oblique  deposition  or  false  bedding  %dsible  in  these  sandstones,  confirming 
the  evidence  afibrded  by  the  coarseness  of  the  conglomerates,  of  the  energy  of  the  currents 
which  swept  the  materials  together.    From  the  prevailing  direction  of  the  dip  of  these  oblique 


SERAL  CONGLOMERATE. 


23 


plains  of  deposition,  we  are  entitled  to  infer  that  the  strewing  currents  moved  towards  a  point  a 
little  West  of  North. 

This  obliquity  of  bedding  in  the  conglomerate  is  conspicuous  in  all  its  other  outcrops,  and 
it  is  well  worthy  of  note  that  in  them  it  usually  indicates  the  same  North-westerly  movement 
of  the  waters  implied  by  the  Sharp  Mountain  beds. 

At  least  one  bed  of  coal,  sometimes  of  a  thickness  fit  for  mining,  usually  occurs  in  this 
division.  Near  the  E.  end  of  the  basin  the  thickness  of  this  middle  group  is  probably  not  less 
than  200  feet.  It  is  the  cause  of  the  flatness  of  the  summits  of  both  the  Sharp  and  Locust 
mountains  throughout  the  range  from  Mauch  Chunk  to  the  Little  Schuylkill. 

The  Upper  division  of  the  formation,  both  in  the  Sharp  Mountain  and  around  the  Anthracite 
basins,  generally  has  a  more  uniform  composition  than  the  beds  beneath.  Many  of  the  more 
massive  strata  are  composed  solely  of  large  pebbles  of  white  quartz  of  nearly  similar  size  and 
shape,  packed  together  with  great  regularity.  These  are  somewhat  ovoid,  smooth,  or  actually 
polished,  and  in  close  contact,  their  larger  dimensions  parallel  with  the  plane  of  bedding.  This 
feature  is  conspicuous  in  many  of  the  upper  strata  of  the  Sharp  Mountain  from  Pinegrove  west- 
ward, but  from  Pottsville  eastward  a  less  degree  of  uniformity  prevails.  The  upper  con- 
glomerate is  excessively  hard  to  drill,  yet  it  was  long  ago  successfully  tunnelled  in  the  Sharp 
Mountain,  by  the  Lehigh  Company,  near  Mauch  Chunk.  It  generally  constitutes  the  crests  of 
the  Sharp  and  Locust  mountains,  and  often  stands  forth  in  a  naked  rugged  wall  immediately 
behind  the  outcrop  of  the  great  coal-bed  of  the  basin. 

Where  the  conglomerate  forms  the  barrier  of  the  Beaver  Meadow  Basin,  both  the  Upper  and 
Lower  portions  contain  a  somewhat  large  proportion  of  argillaceous  matter,  traceable  apparently 
to  the  abrasion  of  the  numerous  slate  pebbles.  This  argillaceous  material,  mingled  with  silicious 
sand,  is  the  cement  in  which  the  larger  pebbles  are  imbedded  in  some  of  the  less  compact  con- 
glomerates, which  derive,  from  this  slaty  matter,  their  characteristic  agreeable  green  colour. 

Of  the  reduction  in  the  coarseness  of  the  conglomerate,  as  we  compare  it  in  its  successive  out- 
crops more  and  more  towards  the  N.W.,  there  is  the  amplest  evidence.  Passing  from  the  Sharp 
Mountain  to  the  Broad  Mountain  on  the  N.  side  of  the  same  basin,  there  is  a  perceptible 
diminution  in  the  pebbles,  and  an  ajDproximation  to  greater  uniformity  of  size.  Another  step 
brings  us  to  the  Head  Mountain,  where  one  of  the  lowest  beds  has  a  degree  of  coarseness  and 
irregularity  of  composition  met  with  in  none  of  the  other  outcrops  ;  for  though  the  pebbles  in  the 
same  part  of  the  formation  W.  of  Pinegrove  are  of  great  size,  they  are  more  regularly  oval,  and 
imply  a  more  prolonged  attrition.  Those  of  the  Head  Mountain  suggest  by  their  great  size  and 
irregular  forms,  compared  with  those  of  other  localities,  that  these  Avere  driven  by  waters 
endowed  with  a  more  than  ordinary  velocity,  moving  great  columns  or  streams,  pushing 
violently  through  the  general  broad  flood  while  it  was  dispersing  the  vast  sheet  of  sand  and 
pebbles. 

Advancing  to  the  outcrop  of  the  Spring  Mountain,  the  conglomerate  is  seen  at  the  notch  or 
gap  of  Hazle  Creek  with  its  pebbles  considerably  smaller,  the  beds  of  slate  somewhat  thinner  and 
less  numerous,  and  the  sandstones  and  conglomerates  less  abruptly  separated.  The  pebbles  are 
more  even  in  size,  and  are  packed  together  with  less  of  interposed  sand. 

Around  the  Wyoming  Basin,  the  conglomerate  exhibits  this  modification  in  a  still  higher 
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degree,  the  pebbles  tliere  being  more  uniformly  quartzose,  and  from  half  an  inch  to  one  inch  in 
diameter,  and  set  closer  together  with  but  little  interposing  cement. 

While  these  features  of  coarseness  and  irregularity  of  composition  decline  towards  the  N.W., 
the  oblique  bedding,  the  other  symptom  of  turbulence  in  the  waters,  likewise  progTessively 
abates.  All  of  these  instructive  changes  occur  in  a  distance  across  the  outcrops  of  hardly 
30  miles — much  complexity  of  internal  structm-e  being  succeeded  at  this  interval  by  features  of 
uniformity,  which  approximate  to  those  still  more  typical  characters  which  the  formation  retains 
with  such  amazing  persistency  throughout  its  vast  spread  beneath  the  bituminous  coal-fields. 

Of  the  gradation  in  thickness  of  the  Anthracite  conglomerate,  our  measurements  already 
given  (see  pp.  146,  &c.,  vol.  i.)  show  that  the  mass  has  its  maximum  development  in  the  Sharp 
Mountain,  and  diminishes  steadily  towards  the  N.  and  W.,  but  fastest  in  the  W.N.W.  direction. 
In  all  of  the  Anthracite  basins  there  is  a  declension  of  the  thickness  from  a  certain  meridian,  at 
least  towards  the  W.S.W.  ;  but  this  is  only  a  feature  of  the  yet  faster  thinning  towards  the 
quarter  above  stated. 

That  this  N.W.  declension  in  the  thickness  and  coarseness  of  the  Serai  conglomerate,  so 
obvious  in  the  Anthracite  region,  extends  to  the  bituminous  districts,  and  is  in  fact  a  general  law 
of  the  formation,  is  amply  demonstrated  in  the  tabulation  already  referred  to,  where  its  thickness 
and  composition  are  indicated  as  far  as  Tioga  County. 

In  the  bituminous  coal-field  of  Broad-Top  Mountain  in  Huntingdon  and  Bedford,  the  rock 
exists  chiefly  as  a  light-grey  coarse  silicious  sandstone,  with  but  little  of  the  conglomeritic 
character.  At  Wray's  Hill,  on  the  edge  of  this  high  plateau,  it  measures  not  more  than  250  feet. 
And  this  estimate  accords  well  with  observations  made  at  other  places  in  the  basin.  In  this 
district,  as  in  the  Anthracite  basins,  the  rock  embraces  one  or  more  beds  of  coal,  showing  that  it 
is  as  elsewhere  a  part  of  the  coal-formation. 

This  basin  of  Broad-Top  Mountain  hes  not  more  than  30  miles  to  the  E.  of  the  Alleghany 
Mountain,  the  margin  of  the  great  bituminous  region.  In  relative  position  it  is  therefore  a  very 
little  more  to  the  N.W.  than  the  Wyoming  Valley,  and  may  be  viewed  as  an  intermediate  station 
between  the  Anthracitic  and  Bituminous  coal  districts. 

Passing  to  the  bituminous  basin  N.W.  of  the  front  ridge  or  main  escarpment  of  the  AUeghany 
Mountain,  the  formation,  as  there  developed  in  the  first  basin  N.W.  of  the  Anthracite  region  in 
the  Loyalsock  district,  is  a  white  silicious  conglomerate,  measuring  from  60  to  80  feet.  On  the 
Tangascootack,  which  is  nearly  in  the  same  belt,  but  further  towards  the  S.W.,  it  is  a  white 
friable  sandstone,  sprinkled  with  small  quartz  pebbles,  and  it  measures  about  100  feet.  Along 
this  first  belt  of  basins  N.W.  of  the  Alleghany  Mountain,  the  conglomerate  generally  varies 
in  its  thickness  from  60  to  150  feet,  and  exhibits  as  great  a  proportionate  fluctuation  in  the 
coarseness  of  its  ino;redients.  In  some  localities  it  is  little  else  than  a  white  sificious  sandstone, 
while  in  intermediate  places  it  contains  much  true  conglomerate,  in  some  of  the  beds  of  which 
the  pebbles  are  occasionally  an  inch  or  more  in  diameter. 

This  local  coarseness  of  the  frao;ments  is  traceable  as  far  to  the  N.W.  as  Bennett's  Branch  of 
the  Sinnemahoning,  and  is  a  further  proof,  that  while  the  currents  which  dispersed  this  submarine 
drift  moved  in  the  manner  of  a  broad  sheet  of  waters,  they  contained  columns  of  great  momen- 
tum, as  the  distance  this  gravel  was  transported  could  not  have  been  less  than  200  miles,  and 
may  have  been  much  more. 
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Advancing  AV.  from  the  Alleghany  Mountain,  the  Serai  conglomerate  undergoes  but  a  trivial 
further  reduction  in  its  thickness,  even  when  traced  the  whole  way  across  to  Mercer  and  AVarren 
counties. 

On  Drake's  Eun,  a  tributary  of  the  Youghiogheny,  it  is  nearly  100  feet  thick,  and  along  the 
N.  and  N.W.  final  outcrop  of  the  formation  its  average  thickness  is  from  60  to  75  feet,  though 
in  some  districts  it  measures  not  more  than  20  feet.  It  should  be  observed  that  not  only  does 
the  stratum  itself  thus  locally  fluctuate,  but  the  measurements  are  liable  to  error  by  embracing 
sometimes  the  next  overlying  sandstones,  where  the  intermediate  coal-seam  and  its  slates  are 
either  locally  absent  or  concealed  by  the  soil.  Indeed,  this  local  interpolation  and  disappearing 
of  the  lower  coal-beds,  and  the  consequent  dividing  and  uniting,  thickening  and  thinning-out,  of 
certain  strata,  would,  even  if  the  whole  formation  were  laid  open  to  the  day,  render  it  impossible 
to  trace  either  the  whole  conglomerate  or  any  member  of  it,  however  well  defined  its  boundaries 
might  be  at  starting,  the  entire  distance,  or  perhaps  one-third  of  it,  across  this  enormous  coal 
region.  AYe  might  set  out  with  a  perfectly  sharp  plane  of  separation  between  the  conglomerate 
and  the  underlying  red  shales,  and  call  this  the  common  boundary  of  the  Serai  and  Umbral 
formations,  and  might  foUow  this  limit  without  ambiguity  for  many  miles  ;  but  upon  pursuing 
it  still  further,  we  should  inevitably  discover  that  our  horizon  was  becoming  uncertain  by  the 
wedging-in  from  the  AY.  of  another  bed  of  similar  composition,  beginning  with  a  mere  feather 
edge,  but  thickening  steadily,  while  the  portion  of  the  red  shale  insulated  between  it  and  the 
main  conglomerate  underwent  a  corresponding  thinning  in  the  same  direction,  until  at  last  the 
original  plane  of  separation  would  vanish  by  the  junction  of  the  two  conglomerates,  and  the  now 
visible  boundary  would  be  the  bottom  of  the  newly-interpolated  bed.  The  cause  of  this  shifting 
of  the  horizons  of  separation  between  strata,  so  conspicuous  in  the  carboniferous  rocks  of 
Pennsylvania,  "wall  be  discussed  in  a  future  chapter,  where  the  mode  of  formation  of  our  strata, 
and  the  theory  of  deposition  generally,  wiU  be  specially  discussed. 
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DETAILED  DESCRIPTION  OF  THE 'SOUTHERN  OR  SCHUYLKILL  BASIN. 


CHAPTER  I. 

GENERAL  STRUCTURE  AND  TOPOGRAPHY. 

It  will  be  seen,  by  consulting  those  portions  of  the  Geological  ]\Iaps  which  embrace  the 
anthracite  region,  that  the  Southern  coal-basin,  ranging  from  the  Lehigh  almost  to  the  Susque- 
hanna, is  far  from  possessing  a  simple  configuration  or  structure.  It  is,  in  fact,  quite  irregular, 
and  consists  of  five  separate  Districts. 

1.  The  Lehigh  and  Little  Schuylkill  District. — From  its  E.  extremity  near  ]\Iauch  Chunk, 
the  mountain-ridges  enclosing  the  basin,  diverging  from  their  synclinal  knob  on  the  Lehigh,  called 
Mount  Pisgah,  range  W.,  gradually  separating,  but  with  no  considerable  de\dation  from  straight- 
ness,  and  no  break  of  continuity  but  the  simple  notches  which  give  passage  to  the  streams  as  far 
as  the  neighbourhood  of  Tuscarora  and  Middleport.  The  structure  of  this  beautiful  division  of 
the  valley  is  that  of  a  rather  symmetrical  synclinal  trough,  gradually  expanding  and  deepening 
towards  the  W.,  and  confined  on  each  side  by  steep  and  regular  mountain-slopes.  The  general 
synclinal  form  of  the  coal-field  is  preserved  throughout  this  tract,  though  locaUy  interrupted  by 
several  subordinate  anticlinal  flexures.  This  part  of  the  basin  is  about  19  miles  in  length,  and 
widens  W.  from  a  mere  point  to  a  breadth  of  1^  miles  opposite  Tuscarora.  The  average  dip 
of  the  strata  in  the  Sharp  Mountain,  its  S.  boundary,  is  about  80°  N.  22°  W.  That  in  the 
Locust  Ridge  on  the  other  side  is  between  50°  and  60°  S.  20°  E.  The  configuration  of  the  W. 
portion  of  this  part  of  the  basin  is  well  shown  in  the  background  of  the  sketch  representing  the 
Lehigh  Summit  coal-mine. 

2.  The  Schuylkill  and  Swatara  District. — The  second  division  of  the  basin  extends  from  the 
abrupt  expansion  of  the  valley  at  Middleport  to  Lorberry  Creek  N.W.  of  Pinegrove.  This 
portion  is  about  22  miles  long,  and  in  its  central  and  widest  part  about  4  miles  broad.  The 
Sharp  Mountain  is  its  S.  boundary,  and  Mine  Hill  its  N.  In  the  Sharp  Mountain  the  rocks 
have  been  uplifted  beyond  the  perpendicular,  so  that  they  lean  in  an  inverted  position  upon  the 
Coal-measures,  dipping  at  a  high  angle  to  the  S.  instead  of  towards  the  N.  In  some  places  the 
dip  is  perpendicular.  This  condition  of  things  extends  from  opposite  Middleport  to  near  the  "\V. 
end  of  the  Dauphin  branch  of  the  basin.  The  structure  of  Mine  Hill,  on  the  other  hand,  is  anti- 
clinal. The  monoclinal  North-bounding  ridge,  known  as  the  Locust  Mountain,  ranges  W.  into 
the  Broad  Mountain,  while  almost  in  the  middle  of  the  synclinal  basin,  near  Tuscarora,  rises  the 
Mine  Hill  southward  of  the  other,  and  overlapping  it  by  more  than  half  a  mile.    The  anticlinal 
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crest  of  Mine  Hill  ranges  on  in  an  almost  straight  course  in  a  well-defined  summit,  exposing 
the  Serai  conglomerate,  and  separating  the  Pottsville  coal-field  from  a  smaller  basin  on  the  N., 
which  is  called  the  Mine  Hill  Basin. 

The  anticlinal  structure  of  Mine  Hill,  visible  at  the  gaps  of  Mill  Creek,  West  Branch,  and  West- 
West  Branch,  gradually  declines  by  the  flattening  of  the  arch,  which  still  runs  on,  however,  through 
the  W.  plateau  of  Broad  Mountain.  Nearly  opposite  the  E.  end  of  the  Mine  Hill,  the  Sharp 
Mountain  exhibits  a  remarkable  change  in  the  position  of  its  crest,  which  suddenly  shifts  to  the 
S.  more  than  half  a  mile.  The  offset  is  marked  by  the  presence  of  two  antichnal  axes,  which, 
originating  outside  of  the  coal-field  between  the  Little  Schuylkill  and  the  Lehigh,  pass  W. 
through  the  Sharp  INIountain,  and  throw  forward  two  long  declining  spurs  into  the  coal-basin, 
one  of  which  subsides  E.  of  Middleport,  while  the  other,  known  as  Silver  Hill,  lying  nearer  the 
Sharp  Mountain,  ends  S.  of  that  village.  Between  these  two  anticlinal  spurs  lies  a  narrow  and 
shallow  trough  or  cove  of  the  lower  coal-rocks,  and  between  the  more  S.  and  the  flank  of  Sharp 
Mountain  another  longer  and  deeper  one.  It  is  this  abrupt  shift  to  the  S.  of  the  crest  of  the 
Sharp  Mountain,  and  the  rising  of  the  Mine  Hill  on  the  other  side,  which  nearly  insulates  the 
E.  division  of  the  basin  from  the  main  central  portion.  The  wider  middle  part  of  the  coal-field 
contains  a  number  of  subordinate  anticlinal  flexures,  some  of  them  of  the  form  of  inverted  folds 
in  the  Coal-measures,  several  miles  in  length,  besides  many  local  contortions  and  irregularities 
of  the  dip. 

3.  The  Mine  Hill  Basin  or  District. — ^The  third  division  of  the  S.  basin  is  the  separate  and 
smaller  synclinal  trough  N.  of  Mine  Hill.  It  is  between  1 3  and  1 4  miles  long,  and  from  a  fourth 
or  half  a  mile  wide  at  its  E.  end,  to  a  mile  where  it  is  broadest  W.  of  HecksherviUe.  Its  N. 
boundary  is  the  Broad  Mountain,  into  which,  indeed,  its  two  extremities  maybe  said  to  penetrate. 
This  Mine  Hill  Basin  forks  into  two  branches  at  its  W.  end  by  the  intrusion  of  the  Peaked 
Mountain. 

The  fourth  and  fifth  divisions  of  the  main  coal-field  originate  in  the  vicinity  of  Lorberry 
Creek,  by  the  intrusion  from  the  W.  of  a  broad  anticlinal  belt  of  the  Serai  conglomerate  and  still 
lower  rocks,  forming  the  Little  Lick  Mountain  and  the  valleys  W.  of  it.  This  causes  the  basin  to 
separate  into  two  long  and  narrow  synclinal  troughs,  the  more  S.  of  which  is  called  the  Dauphin 
Basin,  and  the  more  N.  the  Wiconisco  Basin. 

4.  The  Wiconisco  Basin. — This  division  is  nearly  17  miles  long,  and,  measuring  from  one 
outcrop  of  the  conglomerate  to  the  opposite  one,  is  from  a  mile  and  a  half  to  three-quarters  of  a  mile 
wade,  tapering  gradually  to  a  point,  with  a  structure  very  similar  to  that  of  the  first  or  Tamaqua 
division.  Its  bounding  ridges  are  the  Big  Lick  Mountain  on  the  S.,  and  the  Bear  or  Thick 
Mountain  on  the  N.,  each  of  them  of  monoclinal  structure,  their  strata  dipping  about  45° 
towards  the  Coal-measures. 

An  anticlinal  axis  appears  to  range  along  the  centre  of  this  trough,  at  least  from  Eausch 
or  Klinger's  Gap  eastward. 

5.  The  Dauphin  Basin. — The  Dauphin  Basin,  commencing  at  Fishing  Creek,  W.  of  Lorberry 
Creek,  extends,  with  a  slightly-curved  course,  obedient  to  the  flexures  of  the  South  Mountain,  to 
within  4  miles  of  the  Susquehanna  Eiver.  It  is  about  27  miles  in  length,  has  a  breadth  at  its  E. 
end  of  nearly  a  mile  between  Lorberry  Creek  and  Fishing  Creek  ;  contracts  gradually  for  several 
miles  to  half  a  mile  between  Eausch  Gap  and  Yellow  Spring  Gap,  and  still  further  Westward, 
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tapers  away  to  a  very  narrow  belt,  the  bed  of  the  valley  steadily  rising  all  the  way  until  the 
Coal-measures  terminate  in  a  long  and  acute  point,  at  a  level  of  many  hundred  feet  above  the 
valleys  outside  of  the  bounding  mountains.  The  basin  is  a  simple  compressed  synclinal  trough, 
the  strata  in  the  S.  side  dipping  perpendicularly,  while  those  in  the  N.  side  decline  S.  at  an 
average  angle  of  45°. 

UNDULATIONS  OF  THE  STRATA  IN  THE  SOUTHERN  COAL-FIELD. 

The  researches  of  the  Geological  Survey,  and  the  experience,  often  very  dearly  purchased,  of  the 
conductors  of  our  anthracite  mines,  have  at  last  induced  a  very  general  conviction  of  the  necessity 
of  attending  to  all  the  anticlinal  and  synclinal  turns  of  the  strata,  for  it  is  now  admitted  that  these 
are  the  true  key  to  the  opening,  tracing,  and  successful  working  of  the  coal-seams  of  the  region.  If 
a  knowledge  of  them  can  be  dispensed  with,  it  is  only  where  the  operations  are  on  the  most  local 
and  limited  scale.  By  showing  the  lowest  known  coal-beds  which  each  given  saddle  or  anticlinal 
axis  lifts  to  the  surface  at  every  cross-ravine  and  other  accessible  point  along  its  course,  and 
again  the  highest  seams  which  basin  at  the  surface  along  each  synclinal  axis,  a  faithful 
description  of  any  undulated  district  can  be  made  to  exhibit  not  only  its  structure  but  its 
whole  coyitents  below  as  well  as  above  the  water-levels.  In  this  manner,  by  good  geological 
maps  and  sections,  we  can  show  what  coals  are  embraced  in  the  saddles  and  what  in  the  basins  ; 
and,  moreover,  at  what  heights  and  depths  any  particular  bed  may  be  reached.  If  the  natural 
exposures  of  the  strata,  and  the  industrial  developments  connected  with  them,  were  such  as  to 
permit  a  perfect  identification  and  tracing  of  every  coal-seam,  and  a  recognition  of  every  wave 
or  flexure,  it  would  be  possible,  upon  the  plan  I  have  adopted  for  the  following  detailed  descrip- 
tion of  the  coal-field,  to  represent,  with  almost  the  clearness  of  a  model,  the  form  and  position 
underground  of  every  sheet  of  mineral  treasure  it  contains.  But  the  materials  for  so  thorough  a 
picture  do  not  exist,  nor  is  it  probable  that  they  ever  will  at  any  one  future  epoch,  since 
as  fresh  developments  arise  older  ones  are  becoming  obliterated,  or  the  imperfectly -kept  records 
of  them  are  fading  from  memory.  It  is  the  more  important,  therefore,  that  I  should  define,  with 
aU  the  precision  which  the  existing  state  of  our  knowledge  allows,  and  in  as  systematic  a  manner 
as  possible,  every  important  undulation.  A  clear  exhibition  of  these  wiU  prove  of  far  greater 
consequence  to  the  present  and  future  industrial  welfare  of  the  district  than  any  account  of  the 
existing  mines  or  underground  workings,  however  much  of  temporary  interest  this  information 
may  possess.  The  one  condition  of  things  is  permanent  and  influential  upon  all  mining 
operations ;  the  other  is  transient,  every  few  passing  years  replacing  one  state  of  the  workings 
by  others  almost  wholly  different. 

Classification  and  Brief  Description  of  the  Anticlinal  Flexures  or  Saddles. — Before  pro- 
ceeding to  a  detailed  description  of  the  numerous  anticlinal  and  synclinal  flexures  of  this  coal- 
field, it  will  be  proper  to  define  the  axes  of  the  first  class  systematically  in  the  order  of  their 
distribution.  Beginning  at  the  E.  end,  this  order  requires  us  to  treat  the  most  Northern  first,  and 
to  take  them  in  succession  Southward  and  Westward.  This  slight  departure  from  our  ordinary 
mode  of  procedure  arises  from  the  circumstance  that  the  flexures  are  disposed  in  echelon  from 
N.E.  to  S.W.  It  will  be  seen  hereafter  that  the  anticlinal  and  synclinal  axes  of  the  Mahanoy 
and  Shamokin  coal-field  are  also  disposed  in  echelon,  but  in  the  contrary  order,  or  from  S.E.  to 
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N.W. ;  while  in  the  Northern,  or  Wyoming  Basin,  their  disposition  is  from  N.E.  to  S.W.,  as  in 
the  district  before  us. 

In  the  following  synoptic  sketch,  the  successive  anticlinal  lines  or  flexures  will,  where  it  is  pos- 
sible, be  designated  by  some  geographical  locality — a  village  or  a  colliery  ;  and  where  greater  pre- 
cision is  demanded  by  some  well-known  seam  of  coal  arching  or  basining  across  them,  as  the  case 
may  be ;  they  are  also  designated  by  letters  for  the  sake  of  still  greater  precision,  and  are 
represented  upon  the  Geological  Map  of  the  coal-field  by  the  same.  Still  better  to  classify  them, 
the  leading  anticlinals  are  designated  by  capital  letters  only,  the  lesser  ones  by  small  type. 

The  synclinal  flexures  or  basins  will  be  named  from  the  anticlinal  flexures  which  confine 
them ;  the  marginal  ones  of  the  coal-field,  by  their  bounding  anticlinal  and  monoclinal  belts. 
It  is  not  intended  that  this  outline-sketch  of  the  primary  and  secondary  flexures  of  the  coal- 
field shall  take  the  place  of  the  more  elaborate  descriptions  of  both  the  anticlinals  and  their 
included  troughs  to  be  subsequently  introduced,  but  it  is  given  as  a  preliminary  enumeration,  in 
the  belief  that  it  will  greatly  assist  both  the  practical  and  theoretical  observer  in  comprehending 
the  subsequent  details. 

ANTICLINALS  FEOM  MAUCH  CHUNK  TO  PATTEESON  AND  MINE  HILL. 

Anticlinal  A,  Rliume  Run  and  Panther  Creek  North  Anticlinal. — This  is  seenat  the  Rhume  Run 
arch  of  coal,  and  in  Panther  Creek  tunnels,  Nos.  7  and  8.  It  extends  from  a  point  in  the  Sharp 
Mountain  about  one  mile  S.E.  of  Nesquehoning  to  a  point  nearly  N.  of  tunnel  No.  2  of  the  Lehigh 
Company's  mines,  or  half  a  mile  W.  of  tunnel  No.  8,  which  cuts  it.    It  curves  gently  Southward. 

Basin  A,  or  Anticlinal  A  and  Locust  Mountain  Basin. — This  most  Eastern  sub-basin  of  the 
coal-field,  bounded  on  the  N.  by  the  Locust  Mountain,  and  on  the  S.  by  anticlinal  axis  A,  originat- 
ing in  the  synclinal  knob  formed  by  tke  junction  of  Locust  and  Sharp  mountains,  deepens  and 
widens  Westward  to  the  origin  of  axis  A,  and  then  follows  the  N.  side  of  the  valley  at  the  base, 
and  in  the  S.  slope  of  Locust  Mountain  to  the  cessation  of  axis  A.  This  basin  is  cut  by  the 
Mauch  Chunk  tunnel,  by  both  of  the  Nesquehoning  tunnels,  and  by  tunnels  6,  7,  and  8  of  Pan- 
ther Creek. 

It  is  shown  in  the  Section  of  the  coal-field  passing  Summit  Hill,  Plate  V.  of  Coal-sections.  . 

Anticlinal  a.  Panther  Creek,  South  Anticlinal. — This  is  the  small  anticlinal  of  the  S.  side 
of  Upper  Panther  Creek,  beginning  near  the  head  of  Panther  Creek,  and  expiring  near  Coaldale. 
Tunnel  No.  9  intersects  it  a  few  hundred  feet  from  the  entrance.  (See  Section  of  the  Coal-field 
at  Summit  Hill.) 

Basin  A  a,  or  Upper  Panther  Creek  Basin. — This  is  the  sub-basin  bounded  by  axis  A  on 
the  N.,  and  axis  a  on  the  S.  The  middle  head-brook,  and  further  W.  the  main  stream  of  Pan- 
ther Creek,  flow  centrally  along  it.  Tunnels  8  and  9  begin  in  this  basin.  (See  Section  of  Coal- 
field at  Summit  Hill.) 

Anticlinal  B,  or  Summit  Hill  and  Tamaqua  Axis. — This  axis  extends  from  Sharp  Mountain 
E.  of  Mount  Jefi"erson,  through  Summit  Hill,  and  across  the  Little  Schuylkill  to  near  the  mouth 
of  Newkirk  Tunnel.  Near  its  intersection  by  Panther  Creek  the  exposure  of  this  axis  is  obscure, 
but  there  can  be  little  doubt  that  it  is  continuous  from  Sharp  Mountain  to  Newkirk  Tunnel. 
Except  near  its  E.  and  W.  extremities,  the  flexure  is  much  compressed.    It  is  almost  straight. 

This  flexure  is  well  exposed  at  Summit  Mines  (see  Section)  ;  also  at  Tamaqua  (see  Section). 
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Basin  B,  or  Basin  of  Locust  Mountain  and  Anticlinal  B,  or  Ashton  and  Tamaqua  North 
Basin. — Its  E.  end  is  bounded  S.  by  Sharp  Mountain  to  the  beginning  of  anticlinal  B,  thence 
W.  by  that  axis.  Northward  it  is  bounded  by  anticlinal  a  to  Coaldale,  thence  somewhat  further 
by  anticlinal  A,  thence  to  Newkirk  Tunnel  by  Locust  Mountain.  It  thus  extends,  very  obliquely, 
entirely  across  the  coal-field.  This  synclinal  trough  is  widest,  and  probably  deepest,  W.  of  the 
cessation  of  anticlinals  A  and  a,  or  nearly  opposite  the  middle  of  axis  B.  The  Coal-measures  in 
this  basin  are  penetrated  by  tunnels  5,  4,  3,  9,  and  2,  and  further  W.  by  the  Greenwood  and 
Newkirk  tunnels.    (See  the  Sections.) 

Anticlinal  C,  Tamaqua  Southern  and  Eastern  Mine  Hill  Anticlinal. — This  axis  is  probably 
that  which  originates  in  Sharp  Mountain  at  the  head  of  Dry  Hollow.  It  crosses  Little  Schuyl- 
kill through  the  S.  edge  of  Tamaqua,  passes  S.  of  Buckville,  S.  of  Tucker's  Slope,  and  near  the 
mouth  of  Palmer's  Tunnel,  and  enters  the  E.  knob  of  Mine  Hill  west  of  Big  Creek.  It  then  crosses 
Silver  Creek  S.  of  the  narrow  gorge  in  Mine  Hill,  and  follows  the  N.  side  of  the  crest  of  its  S. 
spur  to  the  end,  and  is  probably  the  arch  to  the  S.  of  John's  Slope  on  Mill  Creek,  W.  of  which  it 
soon  expires.  The  portion  E  of  the  Dry  Hollow  Eidge  I  propose  to  call  C  East,  as  the  connection 
of  this  with  the  main  flexure  C  is  not  yet  fully  established  by  continuous  tracing. 

Basin  B  C — Basin  of  Summit  Mines  and  Dry  Hollow  Ridge,  or  of  Anticlincds  B  and  C  East. 
— This  is  the  basin  of  the  Great  Summit  Mine.  It  heads  E.  obliquely  on  Sharp  Mountain,  embraces 
Dry  Hollow  and  the  most  Southern  branch  of  Panther  Creek,  and  divides  W.  into  B  h  and  C  h 
by  the  rising  of  the  anticlinal  b.    Its  N.  side  is  reached  by  Tunnel  2  in  Dry  Hollow  Eidge, 

Anticlincd  b,  Tamaqua  Middle,  and  Newkirk  Anticlinal  Axis. — This  extends  from  Lower 
Panther  Creek  across  the  Little  Schuylkill  by  the  N.  edge  of  Tamaqua  to  Newkirk  Coal  Breakers 
at  Eeinhardt's  Eun,  beyond  which  it  has  not  been  traced  for  want  of  exposures,  though  it  pro- 
bably runs  on  for  some  distance  W.    For  the  features  of  this  axis  see  Section  at  Tamaqua. 

Basin  h,  or  Basin  of  Greenwood  Breaker. — This  is  the  steep  synclinal  flexure  between  anti- 
clinals B  and  b.    It  is  the  second,  counting  S.,  at  the  Little  Schuylldll. 

Basin  C  h,  or  Tamaqua  and  Neivkirk  Basin. — This  is  the  third,  counting  S.,  at  the  Little 
Schuylkill.    It  is  a  S.  branch  of  basin  B  C,  and  of  basin  C  ;  Wabash  Creek  flows  in  it. 

Basin  C,  or  Anticlinal  C,  and  Locust  Mountain  Basin. — This  axis  is  limited  on  the  N.  as  far 
W.  as  Newkirk  by  axis  b,  and  further  W.  by  Locust  and  Broad  mountains.  It  is  a  wide  capacious 
synclinal  trough  occupying  between  Newl^rk  and  Tuscarora  all  the  N.  half  of  the  coal-field. 
Westward,  it  is  the  Basin  of  Big  Creek  between  Mine  Hill  and  Broad  Mountain.  Centrally  it 
contains  the  Buckville  Tunnel,  and  also  the  Palmer  Tunnel. 

Anticlinal  c.  Northern  Tuscarora  Saddle. — This  short  axis  proceeds  from  the  N.  base  of 
Sharp  Mountain  opposite  Buckville  through  the  ridge  S.  of  the  Upper  Wabash  and  Schuylkill 
watershed,  and  through  the  centre  of  Tuscarora  village  near  which  it  ends.  It  is  a  narrow  and 
comparatively  unimportant  flexure. 

Basin  C  c,  or  Basin  of  Watershed,  and  of  Carters  Tuscarora  Slope. — This  is  the  most 
Northern  of  the  three  sub-basins  of  the  main  Tuscarora  Basin,  or  C  D. 

Anticlinal  c  c,  Tuscarora  Church  Saddle. — This  passes  through  the  crest  of  the  S.  spur 
E.  of  the  Valley  Eailroad,  and  through  the  S.  Knob  of  Tuscarora  Hill. 

Basin  c  and  c  c,  or  Basin  of  the  Centre  of  Tuscarora  Village. — This  is  a  short  synclinal 
flexure  of  the  strata  under  the  village  of  Tuscarora. 
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AJ^TICLINALS  FEOM  PATTERSON  AND  END  OF  MINE  HILL  OR  BIG  CREEK  TO 

EAST  NORWEGIAN  CREEK. 

Anticlinal  D,  or  S.  Mine  Hill  Anticlinal. — ^This  is  probably  a  continuation  of  the  Tusca- 
rora  S.  axis,  undergoing  a  slight  bend  Northward  between  Big  and  Casca  William  creeks.  It 
is  not  traced  E.  beyond  Swift's  Creek.  This  axis  is  seen  in  Whitfield  Lower  Tunnel ;  at  the  E.  point 
of  S.  Mine  Hill,  and  along  the  N.  side  of  the  crest  of  the  same  ridge  to  its  Western  end  ;  and  at 
Mill  Creek,  in  the  arch  just  S.  of  John's  Breakers,  or  N.  of  Mill  Creek  Colliery. 

Basin  of  C  D,  or  Basin  of  Tuscaroi^a  and  of  Big  Creek  Colliery. — At  Tuscarora  it  is 
probably  undulated  by  the  expiring  axes  c  and  c  c.  Further  W.  it  is  the  basin  of  the  collieries 
S.  of  the  end  of  Mine  Hill,  of  Whitfield's  Upper  Tunnel,  and  the  basin  of  Casca  William  Creek 
between  Mine  Hill  and  the  Sharp  Eidge,  called  S.  Mine  Hill,  and  of  John's  Colliery  on  Mill 
Creek. 

Basin  D,  or  Basin  of  Sharp  Mountain  and  Anticlinal  C. — This  is  the  fourth  principal  basin 
going  W.,  which,  heading  in  Sharp  Mountain,  deepens  and  widens  Westward,  and  descends  into 
the  middle  of  the  coal-field.  It  is  the  fourth  or  most  Southern  synclinal  trough  at  the  Little 
Schuylkill,  and  is  that  in  which  the  S.  mines  at  Tamaqua  aU  lie.  (See  Tamaqua  Section.) 
Opposite  Buckville  it  becomes  the  basin  C  D,  or  that  of  Tuscarora,  by  the  introduction  of  the 
anticlinal  axis  D  at  the  base  of  the  Sharp  Mountain. 

Anticlinal  d,  Axis  of  Chadwick's  Tuscarora  Breaker,  and  of  Brockville. — It  lies  about  900 
feet  S.  of  axis  D,  and  is  seen  at  Chadwick's  Mine,  on  the  Schuylkill,  S.W.  of  Tuscarora. 

Basin  D  d. — A  short  narrow  basin,  one  mile  S.W.  of  Tuscarora,  and  N.E.  of  Brockville.  It 
is  but  part  of  the  small  wave  d,  in  the  broader  basin  D  F,  or  that  of  Patterson. 

Anticlinal  d  d. — A  short  saddle  crossing  Bushy  Valley,  1100  feet  (?)  S.  of  anticlinal  d  (?) 
or  80  feet  (?)  S.  of  Bushy  Tunnel. 

Basin  D  F,  or  Basin  of  Patterson  between  the  Anticlinal  Axes  D  and  F. — This  basin,  com- 
mencing at  the  foot  of  Sharp  Mountain,  runs  W.,  with  one  or  two  trivial  saddles  in  it  (d  and  d  d), 
to  Casca  William  Creek,  where  axis  E  subdivides  it.  Brockville  and  Patterson  are  in  this 
basin. 

Anticlinal  E,  Casca  William,  Diamond,  and  Saint  Clair  Axis. — This  axis  subdivides  basin 
D  E  by  rising  W.  of  Bushy  ;  it  ranges  N,  of  the  S.  Diamond  Slope  of  Casca  William,  through  the- 
Big  Diamond  outcrop  of  Silver  Creek,  and  through  Windy  Harbour.  It  swings  the  gangways 
in  the  Mammoth  Vein,  W.  of  Crow  Hollow,  and  shows  itself  on  Mill  Creek  in  a  flat  undulation 
in  the  Primrose  coal  of  Saint  Clair. 

Basin  D  E. — This  is  the  basin  of  the  Casca  AVilliam  White  Ash  Colliery,  of  the  White  Ash 
CoUieries  on  Silver  Creek  and  Zachariah's  Ptun,  of  the  Crow  Hollow  Mammoth  Vein  Colliery, 
and  of  the  Mammoth  Vein  outcrops  at  Saint  Clair.  It  is  the  N.  and  widest  division  of  the 
Patterson  Basin,  and,  ending  Westward  on  Mine  HiU,  is  a  fifth  instance  of  a  synclinal  trough 
running  obliquely  across  the  whole  coal-field. 

Basin  E  F,  or  Quigley's  Hollow,  Crow  Hollow,  and  North  Saint  Clair  Basin. — From 
Beachem's  Mines,  S.AV.  of  Tuscarora  to  Bushy  VaUey,  there  is  but  one  basin,  that  of  D  and  F,  the 
synclinal  line  of  which  ranges  a  little  N.  of  Patterson.  But  from  Casca  William  to  Mill  Creek, 
the  axes  E  and  F  form  a  narrow  basin,  that  of  the  Diamond  Slope  works  on  Silver  Creek,  and 
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of  the  head  of  Crow  Hollow,  and  of  the  Southern  workings  of  the  Mammoth  Vein  at  Saint  Clair. 
It  ceases  W.  of  Mill  Creek,  by  the  gradual  dying-away  of  the  anticlinal  axis  E. 

Anticlinal  F,  Patterson  and  Middle  St  Clair  Axis. — This  axis  ranges  from  Sharp  Mountain 
near  Beachem's  Tunnel,  passes  S.  of  Patterson,  arches  the  Adam  Stahl  Vein  in  Bushy  Valley, 
and  the  lower  vein  on  Casca  William  Creek,  ranges  through  Quigley's  Hollow  to  Silver  Creek, 
crossing  the  Switchback  road  three  times,  passes  Zachariah's  Run  S.  of  Windy  Harbour,  folds 
the  strata  at  the  N.  end  of  the  Ravensdale  Tunnel,  and  crosses  Mill  Creek  a  little  N.  of  Carey's 
Shaft,  flattening  on  going  W, 

Basin  F  H  and  G  H. — From  Schuylkill  Valley  to  Silver  Creek  the  basin  N.  of  axis  H 
is  limited  by  axis  F.  It  crosses  Bushy  and  Casca  William  creeks  with  one  or  two  small  flexures, 
the  main  synclinal  axis  being  S,  of  the  Adam  Stahl  Vein.  From  Silver  Creek  to  Mill  Creek  it 
is  the  narrow  basin  limited  on  the  N.  by  axis  G,  where  it  contains  the  outcrops  of  the  Upper 
Diamond  Coals.  On  Mill  Creek  this  basin  is  that  of  the  Big  Diamond  and  Perpendicular  veins. 
The  E.  end  of  this  basin  spreads  S.  to  Sharp  Mountain,  on  the  flank  of  which  it  contains  possibly 
one  or  two  undulations. 

Anticlinal  G,  or  Silver  Creek  Switchback,  and  Southern  Sai7it  Clair  Axis. — This  axis,  not 
visible  on  Casca  William,  crosses  Silver  Creek  VaUey  through  the  S.  brow  of  the  hill  of  the  Switch- 
back Road,  passes  Zachariah's  Run  between  its  two  close  synclinals,  Ravensdale  near  the  Per- 
pendicular Vein,  and  Mill  Creek  between  the  Diamond  and  Hancock  veins. 

Basin  F  G. — This  basin,  which  passes  through  the  Switchback  Hill  of  Silver  Creek,  is  that 
of  the  N.  synclinal  fold  of  Zachariah's  Run,  that  of  the  Perpendicular  Vein  on  Ravensdale,  and 
that  of  the  folded  Hancock  Vein  in  the  W.  side  of  Mill  Creek. 

Anticlinal  H,  Sillimanville  and  Mill  Creek  Furnace  Anticlinal. — This  seems  to  originate  W. 
of  Silliman's,  and  is  the  first  main  saddle  N.  of  the  junction  of  Bushy  and  Casca  William  Creeks, 
and  first  N.  of  the  Old  Furnace  on  Silver  Creek.  It  crosses  Ravensdale  and  Crow  Hollow  valleys 
S.  of  the  Perpendicular  Vein,  and  passes  Mill  Creek  near  Patterson's  Furnace.  It  is  the  axis 
which  bounds  the  long  synclinal  of  the  Peach  ]\Iountain  coal  on  the  N. 

Anticlinal  f. — In  the  N.  spur  which  projects  Westward  from  the  N.  flank  of  the  Sharp 
Mountain  S.  of  Patterson  and  Sillimanville,  there  are  fallacious  indications  of  an  anticlinal  axis 
in  range  with  the  S.  dips  of  Milford  Tunnel ;  but  since  its  introduction  on  the  Map,  evidence 
has  arisen  showing  that  no  true  saddle  exists  there. 

Basin  f,  f  f. — This  is  the  synclinal  belt  forming  the  hiU  S.E.  of  Sillimanville,  penetrated  by  the 
Milford  Tunnel.  The  synclinal  axis  coincides  with  the  depression  between  the  main  crest  and 
the  subordinate  S.  ridge  of  the  hill.  This  synclinal  flexure  is  probably  confined  to  the 
base  of  Sharp  Mountain,  as  its  N.  dips  are  not  seen  W.  of  the  Schuylkill.  It  belongs  properly  to 
the  basin  S.  of  axis  I,  but  is  not  the  main  synclinal. 

The  coals  embraced  in  this  synclinal  are  the  so-called  Clarkson,  Charley  Pott,  and  Palmer,  and 
one  between  the  two  latter.  The  Palmer  has  been  mined  round  the  E.  end  of  its  basin,  from 
the  tunnel  back  to  it  ao-ain. 

Anticlinal  f  f. — This  is  an  axis  occupying  the  ravine  S.  of  the  air-shafts  of  the  Milford  Tunnel 
coals,  and  N.  of  the  spur  immediately  E.  of  Middleport.  Its  N.  dips  are  those  of  the  basin  of 
Milford  Tunnel.    No  traces  of  this  saddle  have  been  detected  at  the  Schuylkill. 

Basin  ff,fff. — The  Middleport  and  New  Philadelphia  synclinal  is  evidently  this  basin  pro- 
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longed  into  the  spur  E.  of  Middleport,  and  apparently  into  a  recess  between  the  two  principal  i 
shoulders  of  Sharp  Mountain,  corresponding  to  saddles  f  f  and  f  f  f.    The  coal  called  at  Middle- 
port  the  Big  Gate  Vein,  but  erroneously  so  termed,  is  one  of  the  North-dipping  seams  of  the  S. 
side  of  the  basin. 

Anticlijial  f  f  f. — This  is  the  most  Southern  of  the  small  saddles  of  the  Sharp  Mountain  group. 
It  comes  forth  from  a  spur  of  the  mountain  about  one  mile  E.  of  Middleport,  and  if  prolonged 
so  far,  must  cross  the  railroad  at  the  village.    E.  of  the  village  its  position  is  in  the  ravine. 

This  anticlinal  appears  to  be  the  N.  boundary  of  Steinberger's  basin,  N.  of  the  main  spur  of 
the  Sharp  Mountain,  or  Silver  Hill,  where  the  successive  synclinal  outcroppings  of  several  coals 
have  been  found  by  shaftings  directed  by  Dr  Steinberger. 

Basin  of  Axes  f  f  f  and  f  f  f  f. — Developed  to  some  extent,  as  already  mentioned,  by  shafting,  ' 
this  basin  has  its  axis  in  the  nook  or  recess  between  the  first  and  second  spurs  of  the  mountain, 
where  its  coals  must  successively  basin  out  to  the  E.    This  basin  crosses  through  Calahan's  and 
Preston's  series  of  openings,  and  is  probably  that  embraced  between  the  Southern  or  middle 
anticlinals  of  the  latter  section. 

Anticlinal  f  f  f  f,  or  Silver  Hill  Anticlinal. — This  is  the  axis  of  the  main  spur  of  the  Sharp 
Mountain,  Silver  Hill,  S.E.  of  Middleport,  and,  assisted  by  the  other  shorter  saddles  just  described, 
appears  to  have  been  the  principal  cause  of  the  remarkable  spreading-out  of  the  Sharp  Mountain 
on  its  N.  flank  in  this  region,  as  well  as  of  the  conspicuous  deflection  which  its  crest  undergoes. 

On  this  axis,  between  the  W,  end  of  the  spur  S.  of  Middleport,  and  its  junction  with  the 
main  ridge,  some  seven  different  coals  have  been  opened,  or  partially  mined.  One  of  them  has 
been  penetrated  by  a  tunnel  by  Mr  Dobbin,  reaching  a  coal  from  the  S.  side,  which  presently 
bends  over  the  saddle,  and  in  the  curve  of  the  gangway  establishes  the  exact  position  of  the  axis. 

As  this  axis  rises  rapidly  Eastwards  to  where  it  lifts  the  conglomerate  floor  of  the  Coal- 
measures,  and  as  the  Sharp  Mountain  S.  of  it  is  not  inverted,  so  as  to  give  room  in  the  basin 
between  this  and  it  for  a  thick  succession  of  coals,  we  conclude  that  those  which  here  arch  the 
anticlinal  are  rather  low  in  the  series. 

This  axis  is  probably  the  most  Southern  exposed  in  the  coal-openings  of  Calahan's  section, 
N.  of  the  so-called  South-dipping  Tunnel  and  Blackman's  coal-seams.  It  appears  to  be  that 
likewise  which,  at  Preston's  collieries,  S.E.  of  New  Philadelphia,  arches  the  so-called  Gate  Vein. 

It  is  probable  that  an  intermediate  saddle  may  lie  between  f  f  f  and  f  f  f  f.  The  position 
of  Steinberger's  synclinal,  so  far  S.  from  the  saddle  f  f  f,  leaves  some  room  for  such  an  axis,  and 
suggests  the  conjecture.  , 

Upon  the  view  we  are  inclined  to  take  of  the  course  of  this  axis  Westward,  it  cannot  be  the  I 
true  anticlinal  of  the  Gate  Pddge  of  Potts viUe,  but  is  one  saddle,  and  possibly  two,  N.  of  that. 

There  seems  to  be  a  saddle  in  the  N.  crest  of  Bare  Ridge,  between  Pinkerton's  lower  and 
upper  tunnels,  and  one  corresponding  in  range  with  it  at  Hevener's  opening  in  Bare  Ridge,  E.  of  i 
Cwmbola,  and  it  is  probable  that  this  is  the  axis  of  the  Main  Sharp  Mountain  spur.  | 

Basin  of  ¥f  ff  and  Sharp  Mountain. — Between  the  anticlinal  f  f  p  f  and  the  monoclinal  ^ 
crest  of  Sharp  Mountain,  there  is  a  regular  high  trough  of  the  Coal-measures  which  we  have  thus  | 
designated.    The  Sharp  Mountain  strata  of  the  S.  side  of  this  basin,  dip  very  steeply  N.,  but  are 
not  overturned  ;  those  of  the  S.  flank  of  the  anticlinal  spur  are  more  gently  inclined.    The  lower 
coals  extend  Eastward  in  this  trough  perhaps  two-thirds  of  a  mile  beyond  Dado's  Tunnel,  basining 
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out  with  considerable  regularity  at  a  high  level,  but  the  extreme  limit  of  the  lowest  seams  has 
never  been  established. 

This  basin  seems  to  be  that  of  the  South-dipping  coals  of  Calahan's  and  Preston's  southern- 
most developments,  and  is  probably  the  synclinal  of  the  N.  side  of  Bare  Eidge  or  Pinkerton's 
Upper  Tunnel. 

Dado's  Tunnel  in  Sharp  Mountain,  cutting  two  coal-beds,  intersects  the  steep  N.  dips  of  the 
S.  side  of  this  basin. 

MAIN  GEOUP  BETWEEN  TUSCAEOEA  AND  MILL  CREEK. 

Anticlinal  I — Folded  Anticlinal  Flexure  of  Peach  Mountain. — South  of  the  folded  trough  of 
the  Peach  Mountain  coal,  at  a  distance  from  it  of  from  400  to  600  feet,  ranges  a  leading 
anticlinal  axis,  the  first  traces  of  which,  towards  the  E.,  w^e  detect  in  the  hill  S.W.  of  Mil- 
ford  Tunnel.  It  displays  itself  on  Casca  William,  S.  of  the  mouth  of  Bushy,  on  Lick  Eun  near 
Murray's  Mines,  and  on  Silver  Creek,  disguised  by  close  inversion  in  the  hill  just  S.  of  the 
Old  Valley  Furnace.  From  Silver  Creek  we  trace  it  to  Zachariah's  Eun,  which  it  crosses  S.  of 
the  Silver  Creek  road,  which  is  the  position  of  the  synclinal  Peach  Mountain  Vein.  We  find 
it  again  in  Eavensdale,  in  the  hill  near  its  mouth,  and  from  Crow  Hollow  to  East  Norwegian  it 
pursues  the  N.  crest  or  shoulder  of  the  double-topped  hill  S.  of  the  Peach  Mountain  Basin. 
In  all  this  distance  this  is  the  anticlinal  of  the  Big  and  Little  Tracy  coals,  and  of  those  next 
immediately  subjacent  to  them.  It  seems  to  have  its  maximum  of  elevation  and  compression 
in  the  district  of  Silver  Creek,  where  it  lifts  out  the  fourth  or  fifth  coal  underneath  the  Peach 
Mountain  bed.  On  MiU  Creek  and  East  Norwegian  this  axis  becomes  a  subordinate  roU  on  the 
N.  flank  of  the  there  greater  saddle  i. 

Basin  of  H  and  I,  or  Peach  Mountain  Basin. — This  long  continuous  trough,  commencing 
at  the  Schuylkill  near  Sillimanville,  is  traceable  as  far  to  the  W.  as  the  West- West  Branch,  and 
probably  further.  From  Sillimanville  to  Eavensdale  it  is  a  simple  syncHnal,  limited  on  the 
N.  by  the  anticlinal  H,  and  on  the  S.  by  the  axis  I,  but  from  Eavensdale  or  jNIiU  Creek  west- 
ward, the  axis  I  declines  in  prominence,  and  the  flexure  i  increasing,  this  last  maintains  itself  as 
far  as  the  West  Norwegian  VaUey  as  a  true  S.  barrier  of  the  trough,  still  undulated  on  its  S.  side 
by  the  enfeebled  flexure  I.  Its  N.  border  takes  a  change  between  E.  and  W.  Norwegian  by 
the  declension  of  axis  I. 

The  Main  Peach  Moimtain  coal  follows  the  synclinal  of  this  trough  from  Casca  William 
to  Crow  Hollow,  but  near  Mill  Creek  that  bed  has  been  swept  ofi".  But  from  East  Norwegian 
W.  to  the  West-West  Branch  or  further,  this  coal  retains  its  position  there.  In  the  district  of 
Casca  William,  the  trough  is  of  the  extreme  normal  structure  ;  that  is  to  say,  the  N.  dip  is  per- 
pendicular, but  from  thence  W.  nearly  to  Eavensdale  it  is  of  inverted  or  folded  type,  both  sides 
of  the  synclinal  dipping  S.  On  Mill  Creek  and  East  Norwegian  the  basin  is  less  compressed,  even 
the  N.  dip  being  comparatively  gentle.  On  West  Norwegian  this  grows  steep  again  and  irre- 
gTdar,  and  from  this  valley  AV.  the  S.  side  of  the  trough  is  throughout  its  chief  length  either 
perpendicular  or  overturned. 

Anticlinal  i. — This  anticlinal  has  not  yet  been  discovered  as  far  E.  as  Zachariah's  Eun,  but 
between  this  valley  and  Eavensdale,  N.  of  Singley's  Farm,  we  have  it  plainly  indicated,  and 
between  Mill  Creek  and  East  Norwegian,  and  from  the  latter  valley  W.  for  a  considerable  dis- 
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tance,  it  is  a  conspicuous  axis — tlie  main  S.  border,  in  fact,  of  the  there  complex  Peach  Mountain 
Basin.    Its  function  is  to  lift  to  the  day  the  group  of  coals  next  beneath  the  two  Tracy  beds. 

Basin  I  i. — From  the  proximity  of  the  axes  I  and  i,  this  synclinal  belt  between  them  is 
more  frequently  a  flat  undulation  on  the  slope  of  the  one  or  other  of  these  anticlinals,  than  a 
regularly  maintained  basin  or  true  trough. 

Anticlmal  ^ ,  or  Anticlinal  at  Cwmhola  and  Goaquenac. — This  axis  has  never  been  traced 
much  E.  of  the  valley  of  Cwmbola.  It  may  be  there  recognised  as  a  normal  flexure  with  per- 
pendicular N.  dips,  under  which  form  it  ranges  on  to  Mill  Creek,  passing  S.  of  Singley's  farm. 
Crossing  Mill  Creek,  it  extends  to  the  East  and  West  Norwegian  valleys,  being  inverted  in  struc- 
ture everywhere  from  Mill  Creek  westward  to  West  Norwegian. 

On  the  East  Norwegian  it  is  the  closely-folded  inverting  anticlinal  of  the  coals  N.  of  the  out- 
crop of  the  Spohn  Vein,  and  by  its  compressed  oblique  form  and  the  irregularities  of  dip  connected 
with  it,  it  is  one  of  the  chief  causes  of  the  crushed  and  unsound  condition  of  the  coals  along  its 
rano;e,  as  it  traverses  the  Peach  Mountain  hills  between  the  East  and  West  Norweman  creeks. 

Basin  J  i,  or  that  of  the  Outcrop  of  the  Lewis  and  Spohn  Vein. — This  is  a  N.  division  or 
branch  of  the  main  basin,  N.  of  the  Great  Gate  Ridge  anticlinal.  It  occupies  the  high  ground 
S.  of  the  Peach  Mountain  coal,  and  is  the  obscure  basin  of  the  outcrop  of  the  Spohn  vein.  As 
a  distinct  trough  it  is  traceable  only  from  Cwmbola  to  Middle  Norwegian. 

Basin  J  K,  or  general  Basin  N.  of  the  Gate  Ridge  Anticlinal. — The  wide  belt  between 
the  long  folded  anticlinal  flexure,  I,  of  the  Peach  Mountain  coal,  and  the  still  more  extended  and 
also  folded  anticlinal  of  the  Gate  Ridge,  or  K,  which  we  shall  call  the  Basin  J  K,  is  much 
complicated  in  its  structure,  especially  towards  its  E.  end,  or  between  Middleport  and 
Zachariah's  Run,  by  the  introduction  of  several  lesser  anticlinal  waves  subdividing  it  into  a  series 
of  minor  basins.  The  two  most  Eastern  of  these  are  F  f  and  f  f  f,  already  indicated.  Other  three 
anticlinals  occur  in  a  group  between  the  SchuylkiU  and  the  foot  of  Sharp  Mountain  opposite  the 
mouth  of  Lick  Run.  They  undulate  the  coal-seams  wrought  at  Calahan's  and  Preston's  collieries, 
and  the  reader  will  find  what  is  known  of  their  structure  and  contents  in  the  sections  illustrating 
those  localities.  Another  anticlinal  axis  interrupts  the  symmetry  of  this  wide  basin  S.  of 
Cwmbola.  It  runs  W.  from  Hevener's  Drifts  past  the  mouth  of  Pinkerton's  Upper  Tunnel  in 
Bare  Ridge,  and  seems  to  cease  before  reaching  the  Schuylkill. 

Synclinal  Axis. — The  axis  or  deepest  line  of  this  basin  is  towards  its  E.  end,  the 
synclinal,  which  passes  through  Middleport,  or  ff  fff  of  Sharp  Mountain ;  but  W.  of  New 
Philadelphia  the  main  depression  of  the  basin  appears  to  be  a  synclinal  axis  which  ranges  through 
C\vmbola  and  Belmont,  and  crosses  Mill  Creek  south  of  the  Sandrock  coals,  and  follows  the 
West  Norwegian  Valley,  where  it  is  parallel  with  the  N.  base  of  the  Gate  Ridge.  This  is  evidently 
a  very  deep  basin,  containing  as  its  uppermost  coals  the  highest  Red-Ash  seams  of  the  region. 

Anticlinal  K — the  Great  Pottsville  Anticlinal. — This  leading  and  conspicuous  axis  appears 
to  originate  to  the  Eastward  on  the  Southern  part  of  Bare  Ridge,  or  probably  at  the  base  of 
Sharp  Mountain,  as  far  E.,  perhaps,  as  opposite  Hubleyville  or  even  New  Philadelphia.  It 
passes  near  Oliver's  Bare  Ridge  Colliery,  under  the  slope  of  the  Selkirk  Vein,  at  Chillis's  new 
slope,  and  N.  of  Port  Carbon,  where  it  takes  the  S.  side  of  the  crest  of  the  Gate  Ridge  ;  but  it  crosses 
the  Norwegian  above  Pottsville  through  the  N.  brow  of  that  ridge,  which  it  follows  thence  some- 
times along  its  crest,  sometimes  by  denudation  on  one  or  other  side,  across  the  West  Branch 
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and  the  Swatara,  and  all  the  transverse  valleys  to  the  W.  as  far  as  the  other  side  of  Fishing 
Creek,  where  at  last  it  coalesces  with  the  Fourth  Mountain,  losing  itself  high  on  the  Southern 
slope  or  even  on  the  summit  of  this  the  N.  barrier  of  the  Dauphin  Branch  of  the  Pottsville 
Basin,  From  the  passage  of  the  Swatara  to  Lorberry  Creek,  this  ridge,  containing  the  Pottsville 
axis,  bears  the  name  of  the  Eed  Mountain. 

This  Gate  anticlinal  is  the  axis  which  forms  the  N.  boundary  of  the  S.  or  subordinate 
Sharp  Mountain  Basin.  It  is  especially  remarkable  for  its  great  length,  and  for  its 
uniform  direction  from  the  point  at  which  it  first  emerges  from  the  Sharp  Mountain,  until  it 
ceases  to  be  traceable  towards  the  W.  Throughout  a  great  part  of  this  distance  its  course  is 
marked  by  a  bold  continuous  ridge,  which,  rising  in  height  as  it  extends  W.,  attains  its  mass  and 
elevation  in  the  neighbourhood  of  the  Swatara,  W.  of  which  it  again  subsides.  This  ridge  consti- 
tutes one  of  the  most  striking  topographical  features  in  the  great  Southern  anthracite  coal-field. 
It  contains  on  its  S.  side  the  naturally  South-dipping  strata  appertaining  to  the  Pottsville 
Basin,  and  on  its  N.  side  the  same  either  in  a  vertical  position  or  pushed  over  into  inverted 
S.  dips.  The  vertical  or  inverted  veins  generally  known  as  the  Gate  Beds,  are  evidently 
the  same  as  the  South-dipping  coals  of  the  S.  side  of  the  ridge  folded  over  into  N.  or 
inverted  dips. 

Silver  Hill' Axis. — The  place  of  origin  of  this  anticlinal  is  possibly  in  the  most  Southerly  of  the 
spurs  of  the  Sharp  Mountain,  which  project  forward  towards  the  W.  from  that  ridge  in  the  region 
directly  S.  and  S.E.  of  Middleport. 

The  Axis  forming  at  first  but  an  inconspicuous  roll  on  the  N.  flank  of  the  mountain, 
diverges  from  this  ridge  as  it  extends  W.,  marking  out  the  E.  end  of  the  Pottsville  trough.  As 
it  ranges  Westward  it  takes  its  course  through  the  upper  and  lower  Bare  Ridges,  where  it  intersects 
the  Northern  Tunnel.  It  does  not  reach  the  Schuylkill,  but  S.  of  Belmont,  at  the  great  bend  of 
the  road,  the  N.  or  vertical  dips  of  the  true  Gate  axis  are  well  exposed.  This  extends  through 
the  hollow  a  little  N.  of  Chillis's  Slope,  and  further  on  becomes  clearly  marked  in  the  topography 
by  the  lofty  line  of  the  Gate  Ridge,  which  has  been  already  traced. 

On  Mill  Creek  this  Gate  anticlinal  may  be  seen  on  the  E.  side  in  the  change  of  the  dips,  near 
the  most  Northern  street  of  the  village  of  Port  Carbon,  a  little  S.  of  the  Engine  Gate  Vein.  On 
the  W.  side  of  the  valley  it  takes  a  position  on  the  S.  side  of  the  crest  of  the  ridge,  and  holds 
this  relation  to  the  summit  the  whole  way  to  the  Norwegian  Valley  at  Pottsville,  where  it  is 
indicated  in  the  hollow  or  dimple  in  the  end  of  the  hill,  there  called  Prospect  Hill.  On  both  of 
these  valleys  its  precise  relations  to  the  topography  and  the  coal-beds  will  be  best  learned  from 
an  inspection  of  the  detailed  Geological  Sections  of  Mill  Creek  and  the  Norwegian. 

Basin  K,  or  tliat  of  the  Pottsville  AnticUnal  and  Sharp  Mountain. — This  extends  from  the  S. 
base  of  Bare  Ridge  the  whole  way  along  the  base  of  Sharp  Mountain  to  tlie  AV.  end  of  the 
Dauphin  Basin.  In  the  central  part  of  its  range  it  is  deep,  and  contains  apparently  the  thickest 
series  of  Coal-measures  witlun  the  whole  coal-field.  The  South  Salem  bed  is  its  uppermost  notable 
coal-seam. 

Although  it  is  not  possible,  in  the  present  state  of  mining  exploration,  to  trace  the  Gate  Ridge 
axis  E.  of  Bare  Ridge,  and  unite  it  with  that  of  Silver  Hill,  and  therefore  everywhere  to  define  the 
N.  boundary  of  the  Sharp  Mountain  Basiu,  there  can  be  no  impropriety  in  considering  them  as 
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at  least  connected,  if  not  continuously,  by  a  chain  of  short  flexures  lying  very  nearly  in  their 
prolongation.  Indeed,  the  truest  view  to  take  of  the  Gate  Ridge  anticlinal,  and  of  all  the  other 
great  flexures  generally,  is  that  they  are  rather  chains  of  closely-linked  flexures  a  little  out  of 
line,  and  usually  arranged  in  echelon,  than  that  they  are  simple  undulations  continuous  for 
very  great  lengths.  Regarding  then  the  Gate  Ridge  axis  of  Oliver's  Mine  in  Bare  Ridge  as  a 
part  of  the  anticlinal  belt  of  Silver  Hill,  we  may  consider  the  Sharp  Mountain  or  Schuylkill 
Basin  as  beginning  in  the  little  cove  between  the  crest  of  Sharp  Mountain  and  Silver  Hill,  which 
is  drained  by  Harriet  Run,  and  which  we  have  already  entitled  locally  the  Sharp  Mountain 
Basin  ffff.  The  lowest  White- Ash  coals,  basining  out  to  the  E.  in  this  elevated  mountain-glen 
E.  of  Dado's  Tunnel,  range  Westward  along  the  N.  slope  of  Sharp  Mountain  its  entire  length,  to 
its  termination  near  the  Susquehanna.  Throughout  this  S.  border  of  the  basin  —  which, 
as  we  have  already  stated,  is  also  the  S.  limit  of  the  whole  coal-field — all  the  strata,  from  the 
conglomerates  of  the  mountain-crest  to  the  upper  Red-Ash  coals  at  its  base,  observe  either  a  nearly 
perpendicular  dip,  or  a  somewhat  inverted  one.  From  the  E.  nook,  which  we  will  call  Silver 
Glen,  the  strata  in  the  Sharp  Mountain,  for  a  few  miles  W.,  retain  a  N.  dip,  growing  graduaDy 
steeper  until  they  become  vertical ;  but  beyond  the  neighbourhood  of  Port  Carbon,  where  the 
mountain  exhibits  signs  of  a  transverse  dislocation,  the  rocks  are  slightly  overthrown,  and  dip 
steeply  to  the  S. ;  this  inverted  condition  continues  the  whole  way  to  Fishing  Creek  Gap  in 
Dauphin  County,  beyond  which  the  beds  resume  their  nearly  perpendicular  posture,  which  they 
retain  nearly  to  the  termination  of  the  Dauphin  Basin,  in  the  Big  Flats  where  the  dip  rapidly 
flattens,  and  this  long  trough  of  the  Coal-measures  comes  to  an  end.  The  upper  or  Red-Ash  coals 
occupy  the  lower  slope  of  the  base  of  Sharp  Mountain,  the  synclinal  centre  of  the  trough  and  the 
whole  N.  slope  of  the  valley,  to  the  axis  or  summit  of  the  Gate  Ridge  or  Red  Mountain. 

The  synclinal  axis  of  the  basin  is  traceable  from  near  the  mouth  of  Dado's  Tunnel,  in 
Silver  Glen,  from  point  to  point  along  the  immediate  base  of  Sharp  Mountain.  It  is  seen  in  the 
tunnel  E.  of  Port  Carbon,  near  its  mouth,  and  in  the  bottom  of  the  Salem  Slope  mines  at  Port 
Carbon  and  Salem  Hollow,  where  it  coincides  very  nearly  with  the  average  course  of  the 
Schuylkill  River  ;  again  at  Pottsville,  just  S.  of  the  town,  and  in  a  similar  position  at  the  foot  of 
the  mountain  at  the  West  Branch  Gap.  We  meet  it  again  on  the  West- West  Branch,  S.  of  the 
E.  and  W.  reach  of  that  stream,  between  the  gap  and  Silverton,  and  may  detect  indications  of 
it  along  the  same  line  still  farther  W.  There  can  be  little  doubt,  indeed,  that  this  axis  coincides 
with  the  lower  slope  or  foot  of  the  mountain  S.  of  the  Tremont  Railroad,  the  entire  distance  to 
the  Swatara,  for  we  detect  the  strongest  proofs  of  its  presence,  with  an  inversion  of  its  S.  side, 
where  the  Swatara  turns  Southward  to  pass  through  the  mountain.  AVe  do  not  catch  its  precise 
position  so  accurately  at  the  passes  of  Rausch  and  Lorberry  creeks,  but  the  inversion  of  the 
Sharp  Mountain  strata  point  very  nearly  to  its  place,  as  a  glance  at  the  sections  will  show.  The 
N.  side  of  this  deep-folded  basin  contains  a  prodigious  amount  of  very  valuable  accessible  Red- 
Ash  coal,  though  not  a  small  proportion  of  the  more  superficial  of  these  moderately-inclined 
South-dipping  seams  are  in  a  greater  or  less  squeezed  and  faulty  condition,  unfitting  them  for 
profitable  mining.  On  the  other  hand,  the  Sharp  Mountain  veins,  both  Red  and  White  Ash,  are, 
from  their  perpendicular  or  inverted  positions,  so  crushed  and  difiicult  to  mine  as  rarely  to 
reward  exploration. 
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ANTICLINALS  AND  BASINS  BETWEEN  MILL  CEEEK  AND  WEST  NORWEGIAN. 

A  nticlinal  of  Mount  Laffij  or  E  West. — An  axis  very  nearly,  if  not  exactly,  in  the  line  of  the 
anticlinal  E.  of  Mill  Creek,  is  seen  in  the  N.  flexure  in  the  Primrose  Coal  N.  of  Wadesville  on 
East  Norwegian,  and  extends  thence  as  the  N.  flexure  in  the  same  coal  near  Mount  Lafiy,  being 
the  saddle  of  the  Old  Slope  Mine  at  Brown's  on  West  Norwegian.  This  flexure  flattens  Westward, 
and  disappears  about  400  yards  from  the  West  Norwegian,  in  Brown's  Colliery. 

Basin  of  C  andE  West,  or  Basin  of  Mount  Laffy  Tunnel. — The  anticlinal  axis  D  of  Mill  Creek, 
dying  out  in  the  flank  of  Mine  Hill,  between  that  stream  and  the  head  of  East  Norwegian,  the 
basin  at  the  S.  foot  of  that  ridge  is  bounded  on  the  S.  by  the  axis  E,  or  its  near  equivalent 
in  the  Primrose  Coal.  I  have  therefore  called  this  the  basin  C  of  the  axis  of  Mine  Hill,  and 
E  West. 

Anticlinal  F. — This  flexure  of  the  Primrose  Vein,  next  N.  of  Carey's  Shaft,  appears  to  reach 
East  Norwegian,  where,  however,  it  has  the  form  of  simply  a  flat  undulation  on  the  S.  dip  of  the 
Primrose  Coal  N.  of  Wadesville.  It  is  somewhat  doubtful  whether  it  reaches  West  Norwesdan. 
A  rather  conspicuous  flexure  occurs  there  S.  of  Brown's  Shaft,  in  the  Primrose  Coal ;  between  E 
and  C  it  is,  however,  not  only  steeper  than  the  flexure  F  of  East  Norwegian,  but  it  is  further  off 
from  axis  E,  while  we  should  exj)ect  it  to  be  gentler  if  anything  in  its  dips,  and  in  about  the 
same  relative  position. 

Basin  E  F. — As  both  the  flexures  E  and  F  are  feeble  undulations  W.  of  ]\Iill  Creek,  this  basin 
cannot  be  defined  beyond  East  Norwegian  ;  even  there  these  axes  are  at  the  water-level  only  low 
waves  in  the  general  S.  dip  of  the  Primrose  bed. 

Anticlinal  G,  Axis  of  Big  Diamond. — The  anticlinal  axis  G  of  ]Mill  Creek,  seen  there  as  a 
closely-folded  flexure  S.  of  Carey's  Shaft,  is  probably  the  more  open  flexure  S.  of  Wadesville  on  East 
Norwegian,  lifting  to  the  day  the  coal  next  beneath  the  Big  Diamond.  In  the  same  range,  and 
probably  identical  with  it,  is  a  closely-folded  flexure  on  West  Norwegian,  just  N.  of  the  Little 
Diamond  coal,  which  it  seems  to  invert  into  the  Big  Dirt-Bed.  We  see  the  same  flexure  in  a 
corresponding  position  on  the  West  Branch,  and  again  on  Wolf  Creek  S.  of  Spencer's  Old  Slope, 
N.  of  Minersville.    It  is  there  very  near  its  termination,  if  our  tracing  of  it  be  correct. 

Basin  F  G. — This  basin,  already  traced  to  Mill  Creek,  is  that  of  Carey's  Shaft,  at  the  bottom  of 
which,  at  a  depth  of  400  feet  C?),  it  contains  the  White-ash  Mammoth  coal  ;  the  synclinal  axis  of  the 
basin  is  in  the  Hancock  bed,  near  the  anticlinal  G,  its  S.  boundarv.  On  East  Norweo;ian  it  is 
the  basin  of  Wadesville,  where  it  contains  the  valuable  Primrose  Coal  at  no  great  depth  beneath 
the  surface.  On  West  Norwegian  it  is  the  basin  of  the  N.  outcrop  of  the  N.  Diamond  coal, 
and  that  of  the  first  or  S.  outcrops  of  the  Peach  Orchard  coals.  From  West  NorM-egian  we  follow 
it  across  West  Branch  and  Wolf  creeks,  where  it  is  the  basin  of  the  Big  and  Little  Diamond 
outcrops. 

Anticlinal  H,  South  Diamond  Axis. — The  axis  II  of  MiU  Creek,  or  that  wdiich  bounds  the 
Peach  Mountain  Basin  on  the  N.,  ranges  thence  as  far  at  least  as  the  East  Norwegian,  where  it 
may  be  seen  N.  of  M'Ginnes's  boring,  causing  a  steep  N.  dip  in  the  S.  Diamond  coal.  AVhether 
it  extends  to  West  Norwegian  is  extremely  doubtful,  no  N.  dips  there  appearing  in  the  line  of 
its  prolongation.  We  have  thus  traced  this  axis  from  E.  of  the  Bushy  Branch  of  Casca  AVilliam,  N. 
of  Middleport,  to  the  Peach  Mountain  N.  of  Pottsville. 
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Basin  G  H. — The  anticlinal  H  not  being  traceable  continuously  to  the  West  Norwegian,  and 
another  axis,  N,  or  that  of  the  Dripping  Spring  of  the  W.  group,  originating  E.  of  the  West 
Norwegian  centrally  in  this  belt,  it  cannot  be  defined  as  a  regular  basin  W.  of  the  East  Norwe- 
gian. It  there  contains  near  its  synclinal  axis  the  Big  Diamond  and  Perpendicular  veins,  as  on 
Mill  Creek — the  Perpendicular  having,  however,  a  N.  dip. 

Anticlinal  h,  Axis  of  M^Ginness  Boring. — Between  Mill  Creek  and  East  Norwegian,  or  E. 
of  the  dying-out  of  axis  H,  there  rises  an  anticlinal  flexure  a  few  hundred  feet  to  the  S.,  which 
extends  without  apparent  interruption  a  very  great  distance  Westward — as  far,  indeed,  as  the 
waters  of  the  Swatara.  It  shows  itself  on  East  Norwegian  as  the  saddle  at  M^Ginnes's  boring  ; 
on  West  Norwegian  as  a  flexure  which  doubles  or  inverts  the  Green  Park  coal  some  distance 
N.  of  the  Delaware  Company's  Slope,  and  on  West  Branch  as  the  axis  next  N.  of  Minersville, 
from  which  point  to  its  W.  termination  its  course  will  be  presently  defined  under  another  head. 

Basin  H  h. — On  East  Norwegian,  where  alone  this  flexure  has  any  existence,  it  is  a  mere 
undulation  on  the  N.  slope  of  the  saddle  of  M'^Ginnes's  shaft,  or  axis  I.  It  appears  to  cease 
before  reaching  West  Norwegian  from  the  dying-out  of  axis  H,  and  has  no  existence  on  Mill 
Creek,  because  the  other  axis  h  does  not  extend  so  far  to  the  E.  It  results,  in  other  words, 
simply  from  an  overlap  of  the  two  anticlinals. 

Anticlinal  I,  Axis  of  Big  Tracy  Coal. — This  anticlinal,  which  has  its  E.  end  N.  of 
Middleport,  is,  we  have  already  seen,  a  very  feeble  flexure  S.  of  the  Peach  Mountain  Basin  at 
Mill  Creek.  It  is  discernible  on  both  sides  of  East  Norwegian  as  a  very  flat  subordinate 
wave  in  the  Big  Tracy  coal  on  the  N.  slope  of  the  anticlinal  i,  and  faint  traces  of  it  are  even 
seen  below  the  Chenoweth  coal  on  Middle  Norwegian,  but  no  vestige  of  it  can  be  detected  when 
we  reach  the  West  Norwegian  Valley. 

Basin  h  I,  or  Peach  Mountain  Basin. — The  general  course  and  structure  of  this  basin  have 
been  already  stated  in  tracing  it  to  MiU  Creek.  The  East  and  West  Norwegian  Sections 
will  sufficiently  display  its  form  and  contents  where  it  crosses  those  valleys  ;  it  will  be  seen  that, 
passing  Mill  Creek,  it  recovers  the  tendency  to  an  inverted  and  faulty  condition  S.  of  its 
synclinal  axis.  Its  uppermost  useful  coal  is  the  Peach  Mountain  seam,  the  whole  of  the  sounder 
portion  of  which,  above  the  water-level,  has  long  since  been  wrought  out,  and  indeed  the 
greater  part  of  what  remained  in  the  South-dipping  part  of  the  basin  at  a  low^er  level,  down  even 
to  the  synclinal  axis.  The  S.  side  of  this  basin  is  here  very  irregular  from  the  want  of  continuity, 
and  the  broken  condition  of  the  flexures  I  and  i  immediately  bordering  it.  The  whole  basin  will 
be  more  fully  described  in  a  later  Chapter. 

Anticlinal  i,  or  Peach  Mountain  Axis  of  Norwegian. — From  Eavensdale,  where  the  anti- 
clinal I  begins  rapidly  to  subside  to  the  West  Norwegian,  this  axis  constitutes  the  true  S. 
boundary  of  the  Peach  Mountain  Basin.  We  see  it  on  Mill  Creek  in  the  hill  N.  of  Coaquenac,  also 
on  East  Norwegian,  arching  the  Big  and  Little  Tracy  coals  of  the  mining  village  at  the  Pottsville 
and  Minersville  road.  On  Middle  Norwegian  it  separates  the  South-dipping  Clarkson  from  its 
North-dipping  counterpart  the  Chenoweth,  and  on  West  Norwegian  the  N.  and  S.  dips  of  the 
Spohn  Vein.  This  axis  has  never  been  successfully  followed  Westward  from  the  West  Norwegian. 

Basin  i  I. — This  flexure  on  the  S.  side  of  the  Peach  Mountain  Basin  is  too  trivial  both  in 
breadth  and  depth  from  Mill  Creek  Westward  to  be  regarded  as  a  separate  basin.  As  in  the  in- 
stance of  the  anticlinals  H  and  h,  it  only  exists  where  the  anticlinals  I  and  i  lap  past  each  other. 
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or  from  a  point  a  mile  or  so  E.  of  Coaquenac  to  tlie  Peach  Mountain,  "W".  of  East  Norwegian. 
Near  this  stream,  and  on  both  sides  of  Mill  Creek  Valley,  the  axis  I  is  but  a  gentle  wave  on 
the  N.  flank  of  the  anticlinal  i.  On  West  Norwegian,  however,  there  intervenes  between  i 
and  the  synclinal  line  of  the  Peach  Mountain  Basin  a  flexure  in  the  very  line  of  I,  which  may 
be  considered  as  its  representative,  and  which  presently,  and  for  a  great  distance  further  W., 
puts  on  the  same  folded  or  inverted  structure,  and  is  the  real  South-bounding  axis  of  the  Peach 
Mountain  Basin.  It  is  the  main  anticlinal  of  Minersville,  or  axis  0  of  the  W.  group,  under 
which  designation  it  will  be  presently  traced  out  to  its  Western  known  limit.  The  uppermost 
coal  undulated  in  this  narrow  shallow  flexure  is  on  Mill  Creek  and  East  Norwegian,  the  Big 
Tracy  coal,  or  second  below  the  Peach  Mountain  seam. 

Anticlinal  I,  Axis  of  Leivis  and  Spohn  Coals. — We  have  traced  this  anticlinal  axis  from  its  E. 
origin  N.  of  Cwmbola  to  its  position  on  Mill  Creek,  S.  of  Sitigley's  farm.  Like  several  of  the  others 
above  enumerated,  it  ranges  across  East  Norwegian,  but  is  not  recognisable  at  the  West  Nor- 
wegian Valley.  On  the  East  Norwegian  it  is  w^ell  exposed  as  a  sharp  compressed  flexure  with 
inversion  of  its  N.  side,  folding  the  South-dipping  Mason  coal  back  under  itself  as  the  South- 
dipping  Clarkson.  We  discover  proofs  of  its  presence  at  the  Middle  Norwegian  mines,  or  North 
American  Company's,  in  the  North-dipping  or  Perpendicular  coal  which  occurs  between  the 
Lewis  and  Spohn  veins,  and  proves  them  to  be  one  and  the  same  bed.  From  its  retaining  so 
steep  a  N.  dip,  it  is  not  probable  that  this  flexure  actually  ceases  E.  of  the  West  Norwegian,  but 
that  it  exists  disguised  as  a  South-sloping  fault. 

Basin  i  J. — This  is  the  Spohn  vein  on  Little  Norwegian  ;  but  as  we  are  unable  to  trace 
the  anticlinal  axis  J  further  W,  than  Little  Norwegian,  it  cannot  of  course  be  recognised  in 
a  separate  basin  even  at  or  W.  of  the  West  Norwegian  Valley.  Its  identification  with  one  of 
the  basins  S.  of  MinersviUe  wiU  depend  upon  the  continuity  of  the  axis  i,  and  mto  what  W. 
flexure  it  may  run. 

Anticlinal  K,  the  Gate  Ridge  Axis. — This  remarkably  long  and  straight  flexure  extends 
through  the  present  division  of  the  coal-field  from  Mill  Creek  along  the  N.  brow  of  the  Gate 
Ridge  to  the  Norwegian  Valley,  M^hich  it  passes  a  little  N.  of  PottsviUe.  On  both  streams  it 
inverts  the  same  group  of  coals,  and  lifts  to  the  day  the  self-same  l)ed,  the  Lion  or  Barn  coal, 
as  our  Sections  show. 

Basin  J  K,  or  Norwegian  Basin. — In  the  district  under  description  the  basin  J  K  ranges 
from  Mill  Creek  to  West  Norwegian  as  a  very  regular  broad  and  deep  trough,  its  S.  side 
dipping  perpendicularly,  and  its  N.  side,  without  subordinate  undulations,  at  a  moderate 
inclination  Southward  to  its  synclinal  axis.  This  central  line  of  the  trough  ranges  just  N.  of 
Pottsville,  and  precisely  in  the  bed  of  the  vaUey  of  the  E.  and  W.  reach  of  the  East  Norwegian. 
The  highest  coals  here  contained  in  it  are  near  MiU  Creek,  the  Salem  group  of  Pottsville,  and  on 
Norwegian  the  Sand-rock  beds  next  lower  in  the  series. 

The  great  continuous  anticlinal  flexure  of  the  Gate  Ridge,  and  the  basin  between  it  and  the 
Sharp  Mountain,  of  a  length  still  more  prolonged,  having  been  already  sketched  for  their  entire 
extent,  and  our  description  of  the  lesser  ones  N.  of  them  being  now  brought  as  far  W.  at  least  as 
the  West  Norwegian,  it  is  proper  we  should  enter  now  upon  the  description  of  the  Western 
System  of  axes  with  which  some  of  those  already  sketched  ai-e  continuous.  To  these  we  there- 
fore proceed. 
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As  nearly  all  the  flexures  of  the  strata  W.  of  the  meridian  of  Pottsville  either  originate  in 
the  country  to  the  W.  of  the  coal-field,  and  expire  before  they  reach  the  Norwegian,  or  lie 
exclusively  in  the  W.  half  of  the  basin,  it  will  be  expedient,  for  convenience  of  classification,  to 
treat  all  these  undidations  as  a  series  separate  from  the  E.  ones  already  described.  With  the 
exception  of  the  remarkably  continuous  anticlinal  of  the  Gate  Ridge  and  Red  Mountain, 
and  the  still  more  persistent  one  of  Mine  Hill,  none  of  the  W.  set  of  waves  are  traceable  E.  to 
the  West  Norwegian ;  and  it  has  been  already  shown  that  all  the  E.  anticlinals,  if  we  except 
the  doubtful  instance  of  the  axis  G,  or  that  of  Saint  Clair,  die  away  or  become  very  obscure 
before  reaching  the  West  Branch.  "It  is  nevertheless  probable  that  some  of  the  saddles,  espe- 
cially the  more  folded  ones  of  the  disturbed  country  between  the  Mill  Creek  and  West  Branch 
valleys,  do  actually  extend  through  and  connect  both  systems,  making  the  basins  between  them 
continuous  ;  for  it  should  be  remarked,  that  what  we  often  call  separate  axes  are  but  the  same 
lines  of  flexure  shifted  sidewise,  a  lateral  plication  of  a  wave  becoming  its  principal  crest : 
indeed,  an  extensive  anticlinal  belt  not  unfrequently  shifts  thus  its  crest-line  many  times  in 
succession,  either  in  a  given  direction,  in  echelon,  or  in  a  zigzag  manner.  I  conceive  that  some 
such  condition  prevails  to  no  small  extent  in  the  Peach  Mountain  Basin,  or  the  much-disturbed 
central  zone  of  the  coal-field  embraced  between  H  h,  &c.  on  the  N.,  and  1 1,  &c.  on  the  S.,  and 
extending  from  the  Schuylkill,  N.E.  of  Middleport,  W.  as  far  at  least  as  the  Swatara. 

The  better  to  aid  the  reader's  apprehension  of  the  intricacies  in  the  structure  of  the 
central  and  W.  divisions  of  the  coal-field,  I  shall  pursue  the  mode  adopted  for  the  E.  series 
of  designating  them  by  letters,  and,  as  before,  by  well-known  localities  used  as  convenient 
synonymes.  It  will  develop  their  relations  more  clearly  to  trace  them  from  W.  to  E.,  as  all  the 
more  conspicuous  ones  sink  away  in  this  direction.  We  shall  advance,  as  formerly,  from  the  N. 
toward  the  S.  side  of  the  basin. 

ANTICLINALS. 

Anticlinal  L,  or  Woodside  Anticlinal. — This  is  the  most  Northern  flexure  of  the  W.  division 
of  the  basin  S.  of  Mine  Hill.  Whether  it  originates  on  Broad  Mountain  W.  of  the  Swatara,  or 
stni  further  W.  in  the  Red  Shale  Valley  of  Pine  Creek,  has  not  been  ascertained,  but  it  is  one  of 
the  flexures  which  serve  to  spread  the  Serai  conglomerate  in  very  flat  undulations  over  the  S.W. 
plateau  of  the  mountain.  The  axis-line  crosses  the  Swatara  about  three-fourths  of  a  mile  N.  of 
Swatara  Falls,  and  ranges  thence  E.  to  the  S.  base  of  Mine  Hill  near  Woodside,  crossing  the 
head  of  the  West- West  Branch  1000  feet  N.  of  the  tunnel.  It  is  here  a  flat  roll  in  the  Black 
Valley  coal  and  the  stratum  next  under  it.  How  much  further  E.  it  may  extend  we  have  not 
definitely  ascertained ;  it  probably  soon  ceases  altogether. 

Anticlinal  m. — This  anticlinal,  hitherto  discerned  only  on  Middle  Creek,  crosses  that  stream 
N.  of  the  Swatara  Falls  axis,  at  the  passage  of  the  road  to  Sherman's,  about  four-fifths  of  a  mile 
or  4200  feet  N.  of  the  axis  of  the  Dripping  Arch.  Its  course  takes  it  towards  the  centre  of  the 
basin  N.  of  Swatara  Falls,  but  whether  it  reaches  the  Swatara  is  uncertain. 

Anticlinal  M,  or  Axis  of  Swatara  Falls. — One  of  the  most  extensive  and  interesting  saddles 
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of  the  W.  series  is  ttat  which  ranges  along  the  spur  of  the  Mine  Hill  or  Broad  Mountain,  -which 
is  crossed  by  the  Swatara  at  its  falls.  This  axis  seems  to  originate  in  the  Umbral  red  shale,  and 
to  cross  Middle  Creek  in  a  wide  but  very  gentle  flexure  in  the  conglomerate  and  lowest  Coal- 
measures.  Dipping  very  slowly  E.,  and  passing  the  Swatara  Falls,  it  is  first  saddled  by  the  lower 
coal-beds  between  the  Swatara  and  Muddy  Creek,  and,  still  declining,  is  successively  overarched 
by  higher  and  higher  strata,  passing  the  York  Tunnel,  Patten's  Valley,  and  Primrose  Hill,  to  its 
termination  E.  of  Wolf  Creek,  on  the  E.  side  of  which  it  is  discernible  on  the  Minersville  road. 
Between  Patten's  Valley  and  Wolf  Creek  the  anticlinal  part  of  this  flexure  is  distinctly  double, 
as  will  be  shown  more  fully  hereafter. 

Anticlinal  L,  or  F  West. — Between  the  head  of  Patten's  Valley  and  the  West  Norwegian 
ranges  an  anticlinal  which  in  strictness  does  not  belong  to  the  W.  series,  but  is  one  of  the  very 
moderately  long  flexures  confined  to  the  middle  portion  of  the  coal-field.  On  Wolf  Creek  it  is 
the  saddle  of  the  Oak  Hill  coal  or  Little  Peach  Orchard,  and  on  West  Norwegian,  the  Mount 
Lafiy  axis,  or  that  which  arches  the  Primrose  coal  S.  of  Brown's  Shaft.  This  anticlinal  lies  too 
far  S.  by  several  hundred  feet  to  be  in  the  line  of  axis  F  of  Mill  Creek  and  East  Norwegian ; 
indeed,  its  course  would  take  it  just  N.  of  Wadesville.  I  have  nevertheless  called  it  F  AVest, 
as  there  is  a  possibility  that  the  two  actually  coalesce  somewhere  between  the  East  and  West 
Norwegian  valleys.    Its  better  designation,  however,  will  be  l,  or  the  Oak  Hill  axis. 

Basin  L  M. — The  basin  N.  of  the  Swatara  Falls  axis  commences  AV.  somewhere  in  the 
vicinity  of  Middle  Creek,  but  precisely  how  far  W.  the  lower  Coal-measures  run  has  not  been 
ascertained.  From  the  Swatara  E.,  the  basin  deepens  somewhat  rapidly,  and  as  its  S.  anticinal, 
or  that  of  the  Falls,  itself  also  declines  in  the  same  direction,  it  is  obvious  that  it  soon  contains  a 
thick  body  of  Coal-measures.  Thus  Morgan's  Tunnel,  which  lies  nearly  in  its  centre,  goes  on  some 
distance  N.  before  it  cuts  the  first  large  White- Ash  coal.  York  Tunnel  lies  also  in  this  basin,  but 
on  its  S.  side.  As  we  approach  the  valley  of  West-West  Branch,  the  S.  dips  of  the  N.  side  of  the 
basin  becoming  very  gentle,  and  the  N.  dips  of  the  S.  side  very  steep,  the  synclinal  axis  of  the 
basin  lies  more  and  more  S.  in  it,  until  it  passes  through  Patten's  Valley,  to  range  closer  and 
closer  to  the  anticlinal  of  Primrose  Hill,  until  it  reaches  AVolf  Creek,  where  the  Swatara  Falls  or 
Primrose  axis  expiring,  and  the  now  more  prominent  imdulation  G,  of  the  middle  series,  situated 
a  little  further  S.,  now  becoming  the  S.  boundary  of  the  basin,  it  ranges  on  somewhat  more 
centrally  in  the  trough,  here  that  of  F  West,  and  G,  until  in  turn  the  axis  F  AVest  is  no  longer 
discernible  E.  of  the  West  Norwegian.  I  am  not  aware  that  the  AV.  limit  of  the  Red- Ash  coals 
within  this  basin  has  been  yet  discovered,  but  it  is  probably  E.  of  the  head  of  Muddy  Branch. 
The  section  illustrating  what  is  known  of  the  coals  of  the  AVest-AVest  Branch  will  explain  at  a 
glance  the  positions  which  the  several  beds  there  occupy  in  this  basin,  as  also  its  form  ;  and  the 
West  Branch  and  AVolf  Creek  section  will  make  its  whole  structure  and  contents  for  that  district 
equally  intelligible.  A  comparison  of  these  two  serves  to  show  how  rapidly  it  subsides  towards 
the  E.,  with  the  introduction  of  higher  and  higher  coals,  until  it  receives  even  a  slender  trough 
of  the  Kantnor  Peach  Mountain  itself. 

Anticlinal  N,  or  Axis  of  the  Dripping  Arch  and  Phcenix  Mines. — About  1800  or  2000  feet 
S.  of  the  anticlinal  axis  M,  there  ranges  another  of  even  greater  length,  and  of  unusual  straight- 
ness,  from  the  Southern  flank  of  Broad  Mountain  N.  of  Donaldson,  the  whole  way  apparently  to 
the  West  Norwegian.     Its  W.  origin  is  obscure,  but  it  is  distinctly  developed  on  Middle 
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Creek,  in  the  beautiful  arch  of  conglomerate  at  the  Dripping  Spring,  from  whence  I  have  chosen 
one  of  its  names.  Forming  the  S.  boundary  of  Fisher's  Basin,  it  ranges  from  the  Dripping 
Arch,  and  crosses  the  Swatara  at  ]\l"^Creary's  Mines  N.  of  Tuckerville.  It  passes  Muddy  Branch 
at  the  Hecksher  New  Mines  N.  of  Dewartsville,  and  at  the  West- West  Branch  is  the  flexure  of 
the  Phoenix  North-slope  Mine  ;  at  least,  I  am  disposed  to  identify  these  two  anticlinals.  From  the 
Phoenix  IMines  it  ranges  across  Wolf  Creek,  as  the  saddle  which  divides  the  Peach  Mountain  coal 
from  the  Kantnor,  and  it  appears  to  reach  and  cross  the  West  Norwegian  Valley,  as  a  closely- 
compressed  fold  near  the  Big  Diamond  coal.  Like  the  others,  this  anticlinal  wave  evidently 
sinks  steadily  Eastward.  For  the  portion  of  the  coal-field  W.  of  the  West- West  Branch,  it  is  the 
true  N.  boundary  of  the  Peach  Mountain  coal-seam,  though  Eastward  of  that  valley  this  valuable 
Eed-Ash  bed,  under  the  name  of  the  Kantnor  Vein,  not  only  spans  it,  but  the  axis  M  still  N.  of  it. 

Basin  M  N,  or  Fishers  and  Kantnor  Peach  Mountain  Basin. — The  W.  origin  of  this 
basin  is  on  the  S.  slope  of  the  Thick  Mountain  west  of  Middle  Creek,  a  mile  or  more  N.E.  of 
Donaldson.  Properly  the  trough  has  no  definite  W.  end,  but  is  a  branch  of  the  Donaldson 
Basin,  gradually  forking  from  it  by  the  rise  of  the  anticlinal  axis  of  the  Dripping  Arch.  On 
Middle  Creek  and  Swatara  it  is  known  as  Fisher's  Basin,  where,  and  until  it  approaches  the  cross 
valley  of  Muddy  Branch,  it  contains  only  the  lower  or  AVhite-Ash  coal-seams.  On  the  West-West 
Branch,  where,  by  the  declension  Eastward  of  both  its  bounding  anticlinals,  and  their  increased 
steepness  of  curvature,  the  basin  is  much  deeper,  though  somewhat  narrower,  it  receives,  as  our 
Section  shows,  a  progressively  increasing  thickness  of  the  upper  Red- Ash  coals,  first  the  Big  Diamond 
bed,  and  finally  in  Primrose  Hill,  midway  between  the  West -West  Branch  and  Wolf  Creek,  the 
uppermost  thick  one  of  them  all,  the  Kantnor  or  Peach  Mountain  coal.  Passing  Wolf  Creek,  this 
basin  narrows,  and  changes  its  N.  boundary  by  the  cessation  of  the  anticlinal  of  Primrose  Hill, 
and  the  introduction  of  the  somewhat  more  southern  axis  G  west.  Under  these  new  relations,  as  the 
narrow  trough  G  N  \t  ranges  past  West  Branch  to  AVest  Norwegian,  where,  as  our  Section  there 
will  show,  it  contains  at  the  water-level  the  Little  and  Big  Diamond  and  adjoining  coals.  The 
axis  N  not  reaching  the  East  Norwegian,  this  belt,  as  a  special  basin,  ceases  W.  of  that  stream. 

Anticlinal  0,Minersville  South  Axis,  or  Flexure  South  of  the  Peach  Mountain  Basin. — An  inter- 
esting flexure,  or  chain  of  nearly  continuous  flexures,  somewhat  difiicult  to  trace,  may  be  followed 
Westward  from  the  Peach  Mountain  past  the  S.  edge  of  Minersville,  and  across  West-West 
Branch  S.  of  the  Phoenix  Colliery,  and  the  Muddy  Branch  near  Weaver's,  the  whole  distance  to 
the  East  Branch  of  Swatara  Creek.  It  is  most  probably  an  almost  continuous  axis  from  the 
neighbourhood  of  Wagner's  Tunnel  to  the  E.  fork  of  Swatara.  In  its  position  as  respects  the 
compressed  South-dipping  and  faulty  basin,  or  oblique  synclinal  fold  of  the  Peach  Mountain  seam, 
it  represents  the  flexure  I  of  Mill  Creek,  and  the  country  E.,  and  may  be  looked  upon,  indeed,  as 
a  second  clear  development  of  the  same  compressed  wave,  locally  obscure  between  the  East  and 
West  Norwegian  valleys,  either  from  the  dying-out  of  the  axis  I,  or  from  the  W.  portion  0 
degenerating  into  a  fault.  Indeed,  the  dips  which  are  met  with  on  West  Norwegian,  S.  of  the 
synclinal  axis  of  the  Peach  Mountain  coal,  strongly  imply  the  prolongation  of  axis  0  eastward 
to  this  valley,  as  if  to  take  up  the  line  of  the  anticlinal  I  of  East  Norwegian.  Some  doubt  exists 
as  to  the  strict  continuity  of  this  anticlinal  axis  between  the  Southern  edge  of  Minersville  and  the 
axis  arching  the  Peach  Mountain  coal  on  the  West- West  Branch,  some  persons  imagining  the  latter 
to  be  a  prolongation  of  the  saddle  just  N.  of  Lewis's  Old  Tunnel  west  of  Minersville ;  but  the  course 
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of  the  Peach  Mountain  gangways,  and  the  range  of  the  two  axes,  seem  to  settle  the  question 
despite  the  intervention  of  a  great  dislocation  intercepting  the  course  of  the  N.  flexure. 

Basin  N  0,  or  West  Peach  Mountain  Basin. — Somewhere  to  the  E.  of  Donaldson,  and 
probably  to  the  W.  of  Swatara,  the  wide  and  deep  basin  in  which  that  town  lies  between  the 
anticlinals  N  and  Q,  forking  Eastward  by  the  introduction  of  the  flexure  0,  there  commences 
an  independent  basin,  embraced  between  N  and  0.  This  basin  begins  to  deepen  rapidly  after 
passing  the  Swatara,  and  by  the  time  it  reaches  Muddy  Branch,  it  includes  almost  the  highest 
of  the  Red-Ash  series  of  coals — in  the  opinion  of  many,  the  Peach  Mountain  bed  itself,  though  this 
is  somewhat  doubtful,  as  cannot  but  appear  when  we  reflect  that  2  miles  further  E.,  or  at  the 
valley  of  the  West- West  Branch,  the  bottom  of  the  Big  Diamond  coal,  the  third  seam  below  the 
Peach  Mountain,  is  only  a  little  below  the  water-level,  while  the  Peach  Mountain  bed  itself  runs 
out  of  its  West  Branch  basin  E.  of  the  West- West  Valley  in  the  hills  S.  of  the  Phoenix  IMines. 
It  should  be  observed,  moreover,  that  the  basin  nowhere  rises  Eastward  from  Muddy  Branch 
until  we  approach  the  short  and  narrow  anticlinal  o,  of  Minersville  ;  for  while  its  North-bound- 
ing axis  N  sinks  progressively  to  Wolf  Creek,  and  even  to  AVest  Norwegian,  its  South-limiting 
flexure  grows  more  and  more  compressed  and  folded  in  the  same  direction,  and  thereby  deepens 
the  synclinal  depression  of  the  trough.  The  Geological  Map  and  the  Sections  explanatory  of  the 
structure  of  this  basin  on  West- West  Branch,  and  West  Branch,  will  sufl&ciently  indicate  the 
contents  and  shape  of  this  interesting  central  basin  of  the  coal-field. 

Anticlinal  0,  or  Minersville  Axis. — A  short  anticlinal  axis  extends  under  the  N.  part  of  the 
town  of  Minersville,  and  just  N.  of  Lewis's  Old  Tunnel.  It  forms  locally  the  N.  boundary 
of  the  much-compressed,  obliquely-dipping,  or  folded  sjTiclinal  basin  of  the  Peach  Mountain 
coal ;  the  other,  or  Minersville  south  axis,  constituting  its  S.  limit  by  inverting  the  strata  on  its 
N.  flank  into  S.  dips.  The  short  axis  o  brings  up  the  coal-seams  which  next  underlie  the 
Peach  Mountain  Vein,  near  the  mouth  of  Lewis's  Tunnel. 

Anticlinal  P,  or  Griscom  Anticlinal  Axis. — S.  of  the  Minersville  S.  line  of  flexure,  at  a 
distance  of  from  1600  to  2000  feet,  there  ranges  an  anticlinal  axis,  or,  more  probably,  a  chain  of 
several  nearly  continuous  saddles,  for  a  distance  of  many  miles.  I  have  given  that  axis  of  the 
belt  which  extends  between  West- West  Branch  and  West  Branch  the  name  of  the  Griscom  axis, 
from  its  passing  through  an  estate  of  that  name  lying  N.  of  Llewellyn.  It  has  not  been  traced 
far  to  the  E.  of  the  West  Branch,  unless  indeed  we  regard  the  anticlinal  axis  i  of  the  West 
Norwegian  as  identical  with  it — a  view  which  appears  by  no  means  improbable,  when  we  reflect 
that  the  faulty  condition  of  the  strata  S.  of  that  flexure  on  West  Norwegian,  in  the  Lewis  Vein, 
may  be  connected  with  a  break  in  the  line  of  the  axis,  jogging  the  W.  portion  towards  the  S. 
Taking  it  up  where  it  crosses  the  West  Branch  S.  of  Minersville,  we  may  trace  it  through  the 
Griscom  lands,  imder  sundry  irregularities,  and  a  considerable  deflection  in  its  course  to  the  West- 
West  Branch,  and  we  may  carry  it  thence  along  the  hills,  though  somewhat  obscurely,  to  the 
Muddy  Branch,  and  so  on  to  the  East  Branch  of  Swatara,  a  few  hundred  feet  N.  of  its  mouth, 
and  to  a  cutting  in  the  Swatara  Railroad,  half  a  mile  N.W.  of  the  Pottsville  and  Tremont 
Turnpike.  To  avoid  a  positive  identification  of  the  portion  W.  of  Muddy  Branch  with  the  part 
E.  of  it,  I  prefer  to  call  the  former  P  West.  I  beHeve  it  has  not  been  detected  W.  of  the 
Swatara. 

Anticlinal  p,  or  Swamp  Axis  of  West-West  Branch. — There  is  a  small  anticlinal  flexure 
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visible  to  the  E.  of  the  West-West  Branch,  about  midway  between  the  last-described  anticlinal 
P,  and  the  S.  Minersville  flexure  0.  It  is  not  detected  on  the  West  Branch  S.  of  Minersville, 
and  a  swamp  hides  it  in  the  valley  of  the  West- West  Branch,  beyond  which,  in  the  absence  of 
mining,  we  have  not  been  able  to  find  it. 

Aocis  P  p. — Another  small  anticlinal,  possibly  continuous  with  p,  crosses  the  Muddy  Branch 
about  1200  feet  S.  of  Martin  Weaver's  residence  ;  its  course  E.  and  W.  is  but  imperfectly  known. 
As  the  continuity  of  the  Griscom  axis  of  West- West  Branch  with  P  West  of  Muddy  Creek  and 
Swatara  is  not  established  by  accurate  tracing,  it  is  possible  that  p  p  is  the  true  W.  prolongation 
of  the  first-named  flexure,  in  which  case  P  West,  if  it  have  an  E.  prolongation,  would  be  con- 
tinuous with  the  flexure  Q  Q  N.  of  Minersville,  the  course  of  which  across  West  Branch  carries 
it  only  some  400  feet  S.  of  axis  J,  or  that  of  the  Lewis  and  Spohn  Vein  of  East  and  Middle 
Norwegian. 

Basin  0  P,  or  that  N.  of  the  Main  Griscom  Saddle. — As  we  have  no  clear  exposures  of 
either  of  the  antichnal  axes  0  or  P  West  in  the  Donaldson  Basin  to  the  W.  of  Swatara,  but 
only  indications  in  the  features  of  the  ground  of  their  extension  in  that  direction,  it  is  expedient 
to  regard  this  basin  as  a  middle  prong  or  subdivision  of  the  wide  one  between  the  Thick  Mountain 
or  axis  of  the  Dripping  Arch  and  the  anticlinal  of  the  Big  Lick  Mountain  south  of  Donaldson. 
This  basin,  or  rather  this  somewhat  irregular  synclinal  belt,  may  be  traced  with  little  interrup- 
tion, if  we  regard  the  Norwegian  axis  I  as  a  prolongation  of  the  Griscom  axis  P  the  whole 
way  to  Mill  Creek.  It  evidently  contains  an  extensive  outcrop  of  the  Peach  Mountain  coal-seam 
on  the  upper  main  bed  of  basin  N  0,  known  by  that  designation.  It  is  apparent,  however,  that 
neither  this  nor  any  of  the  other  uppermost  Eed-Ash  Coals  run  in  an  unbroken  manner  through  the 
length  of  this  somewhat  irregular  trough  ;  for  not  only  does*its  South-bounding  main  axis  P  West, 
P  and  I,  shift  its  position  and  alter  its  degree  of  flexure,  but  thei-e  rise  within  it  several  lesser 
saddles,  of  which  p  p  and  P  are  examples,  each  of  which  deflects  the  outcrops  of  its  coals,  and 
alters  the  course  and  continuity  of  its  main  synclinal  line  on  the  bottom  of  the  basin. 

Anticlinal  q  q,  or  Llewellyn  North  Axis. — This  anticlinal,  being,  as  just  stated,  nearly  in  line 
with  axis  J  of  the  E.  series,  may  prove  to  be  continuous  with  it ;  and  this  supposition  is  the  more 
conceivable  that  the  axis  J  belongs  to  a  flexure  both  wide  and  steep  at  the  North  America 
mines  on  Middle  Norwegian,  where  we  last  behold  it.  The  absence  of  any  connecting  evidence 
on  West  Norwegian  does  not  overthrow  so  natural  an  hypothesis,  since  there  is  a  ground  notori- 
ously blank  and  obscure  some  distance  S.  of  the  Lewis  Vein  through  which  axis  J  may  pass 
undiscovered.  The  actual  course  of  q  q  would  seem  to  take  it,  however,  too  far  S.,  or  among 
the  small  Sand-rock  coals  of  the  West  Norwegian. 

AxisQ,  or  Anticlinal  of  the  Big  Lick  Mountain. — This  flexure  originates  Westward  as  a  roll 
on  the  N.  slope  of  the  South-bounding  mountain  of  the  Wiconisco  Basin  opposite  Klinger's  Gap. 
It  ranges  thence  through  the  crest  of  the  Big  Lick  Mountain,  saddled  first  by  the  conglomerate, 
and  then  further  E.  by  Coal-measures,  and,  passing  S.  of  Donaldson,  crosses  Good  Spring  Creek, 
Coal  Eun,  and  Middle  Creek,  and  reaches  the  Swatara  Railroad,  where  its  arch  is  well  exposed  in 
a  cut  a  few  hundred  feet  N.  of  the  turnpike.  The  flexure  is  here  neither  broad  nor  steep,  and 
would  seem  to  be  near  its  E.  termination.  Though  the  feeble  anticlinal  q  seen  on  West- West 
Branch  opposite  the  centre  of  the  village  of  Llewellyn  is  almost  precisely  in  a  line  with  the  axis 
of  this  flexure  Q,  I  hesitate  to  regard  and  name  them  as  the  same,  from  the  absence  of  any 
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N.  dips  in  a  wide  space  of  country  between  them.  The  axis  Q  appears,  moreover,  to  ascend 
Eastward,  and  not  Westward,  as  it  should,  if  identical  with  Q. 

Axis  Q,  or  Middle  Lleivellyn  Axis. — As  just  intimated,  this  small  flexure,  faint  at  the  "West- 
West  Branch,  grows  more  conspicuous  E.  It  is  seen  on  the  West  Branch  a  little  N.  of  the  railroad 
bridge,  in  a  gentle  arch  of  sandstone,  with  a  long  succession  of  S.  dips  between  it  and  the  folded 
synclinal  trough  of  the  N.  base  of  the  Gate  Eidge.  This  flexure  would  not  appear  to  reach  the 
West  Norwegian.  It  remains  for  future  mining  developments  in  the  district  between  the  Muddy 
Branch  and  the  Swatara  to  prove  whether  or  not  it  is  the  Big  Lick  axis  sinking  very  slowly 
down. 

Basin  of  P,  Q  q. — The  Western  portion  of  this  synclinal  belt,  or  that  embraced  between 
P  West  and  Q,  may  be  regarded  as  the  S.  or  third  prong  of  the  wide  synclinal  valley  of 
Donaldson  :  it  is  not  distinctly  discernible  on  INIuddy  Creek,  but  there  is  a  basin  (that  of  P 
and  q)  N.  of  Llewellyn,  into  which  it  appears  to  prolong  itself,  unless,  indeed,  it  is  the  N.  half  of 
that  basin,  or  the  trough  contained  between  the  Griscom  axis  P  and  the  middle  axis  Q  q  ;  in 
either  case  it  extends  Eastward  to  the  dividing  ground  or  watershed  between  West  Branch  and 
West  Norwegian ;  and  if  Q  Q  be  identical  with  J,  it  is  prolonged  much  further. 

Anticlinal^,  or  Axis  of  the  Little  Lick  Mountain. — This  conspicuous  and  extensive  anticlinal 
axis  enters  the  coal  region  from  the  Red-shale  district  of  Williams'  Valley  through  the  head  of 
the  Kettle,  and  ranges  along  the  crest  of  the  Little  Lick  Mountain  to  Tremont,  a  little  E.  of  which 
it  crosses  Good  Spring  and  Middle  creeks,  trending  into  the  N.  base  of  the  Bed  Mountain 
until  it  becomes  apparently  a  component  flexure  of  that  ridge,  assisting  to  give  it  the  breadth 
and  elevation  it  exhibits  W.  of  the  passage  of  the  Swatara.  It  is  to  be  seen  in  that  gorge  within 
a  few  hundred  feet  N.  of  the  main  axis  of  the  ridge,  well  exposed  in  the  cuttings  of  the  Swatara 
Railroad  (see  Section).  E.  of  this  locality  no  traces  of  it  have  been  detected.  This  Little  Lick 
anticlinal,  of  which  I  shall  speak  more  in  detail  in  another  place,  is  peculiar  among  the  W. 
series  of  flexures  in  running  somewhat  obliquely  to  their  prevailing  course,  and  in  subsiding 
much  more  rapidly  than  they  do  to  the  Eastward.  It  belongs,  as  it  were,  to  a  difierent  system 
of  undulations  —  is,  in  fact,  simply  the  E.  termination  of  one  of  the  grand  primary  crust- 
flexures  of  the  country  beyond  the  Susquehanna — the  flexure  of  the  Half-Fall  ]\Iountain,  or  more 
truly  of  Amberson's  and  Path  valleys  ;  whereas  the  others  which  adjoin  it  in  the  coal-field  are  to 
be  looked  upon  as  secondary  or  more  superficial  corrugations,  belonging,  not  to  the  whole  depth  of 
the  earth's  once  flexible  crust,  but  only  to  the  higher  strata,  plicated  in  part,  at  least,  by  the 
lateral  pressure  due  to  the  concave  bending  which  formed  the  wide  and  deep  trough  of  the 
Southern  coal-field. 

Axis  R. — This  is  a  small  anticlinal  axis  visible  on  the  Swatara  Railroad  several  hundred 
feet  to  the  N.  of  the  axis  R  of  Little  Lick  Mountain. 

Axis  R  R. — This  is  a  flexure  seen  on  Muddy  Branch,  a  mile  or  more  W.  of  Llewellyn,  and 
about  1000  feet  S.  of  the  Turnpike. 

Axis  R  R  R. — An  anticlinal  axis  lying  about  1200  feet  N.  of  the  main  axis  of  the  Red  Ridge, 
ranges  along  the  lower  reach  of  Muddy  Branch,  and  thence  across  the  West-West  Branch  near 
the  second  railroad  bridge,  one-fourth  of  a  mile  S.  of  Llewellyn.  It  probably  ranges  still  further 
Eastward  in  the  N.  flank  of  the  Gate  or  Red  Ridge,  and  may  be  one  cause  of  the  serious  dis- 
turbance of  the  Coal-measures  of  that  anticlinal  belt. 
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Anticlinal  S  or  K,  or  Axis  of  Red  Mountain  and  Gate  Ridge. — Enough  has  been  already 
stated  concerning  the  course  of  this  remarkably  straight  and  persistent  anticlinal  flexure  to 
identify  it  at  its  various  points  of  intersection  by  the  streams  of  the  country,  and  I  shall  reserve 
for  another  chapter  what  details  I  have  to  offer  respecting  its  local  effects  upon  the  strata  which 
saddle  it. 

Basin  Q  R,  or  that  of  the  Big  and  Little  Lick  Anticlinals. — This  synclinal  trough  has  its 
W.  origin  in  the  high  valley  between  the  Little  Lick  and  Big  Lick  anticlinals,  at  a  point 
several  miles  W.  of  Tremont  on  the  N.  slope  of  the  Lick  Mountain ;  it  widens  and  deepens 
Westward,  and,  approaching  Good  Spring  Creek,  receives  the  Red-Ash  Coal-measures,  still  expand- 
ing and  deepening  by  the  recession  of  its  South-bounding  saddle  R  ;  it  merges  into  the  broader, 
more  persistent  basin  Q  S,  or  Q  K,  of  the  N.  side  of  Red  Mountain  and  Gate  Ridge.  As  the 
middle  and  E.  sections  of  this  wide  synclinal  belt  have  been  already  sufficiently  sketched,  any 
further  notice  of  it  will  be  postponed  to  the  chapter  of  details. 

Basin  R  S,  or  that  of  Tremont. — This  synclinal  flexure,  contained  between  the  Little  Lick 
axis  on  its  N.  and  the  Red  Mountain  anticlinal  on  its  S.,  unlike  the  above-described  basin  Q  R, 
contracts  rapidly  towards  the  E.,  though  from  Rausch  Creek  to  Swatara  it  evidently  contains  its 
full  complement  of  coal-seams  :  its  rapid  diminution  of  breadth  is  due  to  a  converging  of  the 
anticlinals  which  confine  it,  both  of  which  curve  convexly  as  they  approach.  The  contents  and 
structure  of  this  basin  at  the  three  transverse  valleys  of  Swatara,  Rausch  Creek,  and  Lorberry, 
where  its  coal-beds  have  been  somewhat  carefully  opened,  are  clearly  shown  in  our  Sections  of 
those  several  ravines.  As  will  be  observed,  it  contains  at  Tremont  not  fewer  than  twelve 
distinct  beds  of  coal  above  the  water-level,  all  of  which  belong  to  the  Upper  or  Red-Ash  series. 
At  Rausch  Creek,  the  main  bed  of  coarse  conglomerate  at  the  bottom  of  the  Coal-measures  is 
uplifted  above  the  water-level  to  a  high  elevation  in  the  axis  of  Little  Lick  Mountain  ;  and  S.  of 
this,  about  2000  feet,  the  Big  White-Ash  coal  of  the  W.  end  of  the  coal-field  has  its  outcrop, 
with  a  gentle  S.  dip.  It  again  nearly  reaches  the  water-level  in  the  anticlinal  axis  of  Red 
Mountain ;  thus  the  lowest  Red- Ash  coals  extend  Westward  from  Tremont  in  successive  super- 
posed basins  to  the  brow  of  the  plateau  looking  down  into  the  ravine  of  Rausch  Creek. 

Axis  s,  or  Anticlinal  of  Silvertown  Colliery.— This  is  the  most  Southern  flexure  hitherto 
detected  in  the  W.  division  of  the  basin.  It  has  not  been  traced  beyond  the  locality  whence 
it  takes  its  name.  Its  relations  to  the  main  folded  anticlinal  S  are  well  exhibited  in  the 
Section  illustrating  the  West- West  Branch. 


CHAPTER  IL 

FIRST  OR  NESQUEHONING  AND  PANTHER  CREEK  DIVISION  OF  THE  DISTRICT 
BETWEEN  THE  LEHIGH  AND  TUSCARORA. 

In  the  detailed  description  of  the  Coal-measures  of  the  Southern  Basin,  upon  which  we  now 
enter,  the  numerous  natural  belts,  anticlinal  and  synclinal,  will  be  treated  in  the  order  observed 
in  the  sketch  of  the  anticlinal  axes  presented  in  the  preceding  Chapter.    Not  only  will  the 
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axis-lines  of  the  flexures — that  is  to  say,  the  tops  of  the  saddles  and  the  bottoms  of  the  basins — 
be  traced  with  all  the  exactness  which  the  information  collected  will  permit,  but  the  individual 
coal-seams  will  be  treated  of,  their  positions  and  relations  to  the  saddles  and  basins  pointed 
out,  their  outcrops  followed  where  this  is  practicable,  and  their  order  of  superposition,  distances 
from  each  other,  and  respective  thicknesses  carefully  made  known.  As  a  detailed  written 
account  of  every  measured  section  of  the  coal  strata,  printed  in  this  work,  would  make  the  text 
unnecessarily  voluminous,  and  as  all  the  information  that  could  be  thus  set  forth  in  writing  is 
embodied  in  a  clear  and  condensed  shape  in  the  accompanying  engraved  Sections  and  Diagrams, 
possessing  a  suggestive  power  which  words  cannot  aspire  to, — as  all  the  elements  of  the  composi- 
tion and  structure  of  the  Coal-measures  are  there  displayed  even  to  the  nicest  features  in  the 
curvatures  of  the  strata,  their  degrees  of  dip  or  slope,  the  measured  intervals  which  divide  the 
coals,  and  the  subdivisions  of  the  coal-seams  themselves, — it  is  highly  expedient  that  the  reader 
should  constantly  consult  the  appropriate  drawings  while  perusing  the  text.  He  is  also  earnestly 
recommended  to  resort  frequently  to  the  Geological  Map,  to  acquire,  in  connection  with  the 
Sections,  clear  conceptions  of  the  districts  under  description,  and  of  the  precise  positions  of 
the  localities  referred  to. 

The  great  extent  and  complexity  of  feature  of  the  coal-field,  make  it  expedient  to  consider  it 
under  subdivisions,  even  though  the  limits  of  these  are  somewhat  arbitrary,  I  have  already  shown 
that  it  admits,  upon  a  large  scale,  of  a  division  into  five  somewhat  natural  districts ;  and  I  shall 
proceed,  in  the  first  place,  to  review  the  structure  and  contents  of  the  most  Eastern  of  these,  or 
that  which  extends  from  the  point  of  the  basin  near  the  Lehigh  to  the  head-waters  of  the  Schuyl- 
kill, where  it  loses  its  slender  and  simpler  structure,  and  begins  suddenly  to  expand  and  grow 
complex.  In  connection  with  the  tracing  of  the  undulations,  and  of  the  groups  of  coal-beds 
lifted  and  depressed  by  them,  numerous  details,  especially  of  the  more  permanent  class,  will 
be  presented  concerning  the  conditions  under  which  the  coals  occur  at  all  the  more  important 
mining  localities  where  they  are  now  wrought,  or  have  been  opened.  Much  description  of  the 
interior  workings  of  the  mines,  collected  in  the  progress  of  the  Survey  merely  as  data  towards 
the  identification  and  mapping  of  the  saddles  and  basins,  and  the  tracing  of  special  coal-veins, 
will  be  omitted,  inasmuch  as  such  statistics  are  constantly  changing,  and  are,  moreover,  of  an 
interest  too  purely  local  to  justify  a  permanent  record, 

EASTEEN  END  OF  THE  COAL-FIELD,  ESTATES  OF  THE  LEHIGH  AND  LITTLE  SCHUYLKILL 

COAL  COMPANIES. 

Beginning  of  the  Coal  Strata. — The  general  form  of  the  E.  division  of  the  basin,  or  that  which 
lies  between  the  Lehigh  and  Tuscarora,  is,  as  we  have  seen,  that  of  an  acutely-tapering  synchnal 
trough.  It  terminates,  as  aU  similar  basins  do  when  enclosed  by  ridges  of  any  of  the  harder 
rocks,  in  a  high  prow  or  elongated  oval  summit,  formed  by  the  union  of  the  two  mountain 
monoclinal  barriers  of  the  basin.  In  the  instance  before  us,  the  knob  in  which  the  coal-basin 
commences  is  not  absolutely  symmetrical  as  respects  the  general  synclinal  line  of  the  trough, 
but  is  situated  almost  wholly  to  the  N.  of  it.  It  is,  in  fact,  the  prolongation  of  the  crest 
of  the  Northern  or  Locust  Mountain,  that  of  the  Southern  or  Shai-p  Mountain  being  here  broken 
down.    Thus,  while  the  massive  conglomerate  beds  of  the  Locust  Eidge  extend  into  this  termi- 
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nating  summit,  those  of  the  Sharp  Mountain  outcrop  lower  down  on  the  steep  S.  slope,  only 
the  higher  ones  appearing  above  the  level  of  the  Back  Track  Railroad.  This  feature  is  the  result 
of  a  want  of  symmetry  in  the  dips  of  the  outcrops  of  the  conglomerate,  that  of  the  Sharp 
Mountain  being  almost  vertical,  and  everywhere  much  steeper  than  that  of  the  Locust  Eidge, 

Eastward  from  this  highest  knob  of  the  basin,  and  almost  exactly  in  the  synclinal  axis,  there 
is  a  partially-detached  lower  summit  called  Mount  Pisgah,  inferior  in  height  to  the  loftier  one 
by  perhaps  100  feet,  and  separated  from  it  by  a  narrow  neck  or  col,  depressed  60  or  70  feet 
below  the  level  of  Mount  Pisgah.  This  last-named  hill  is  formed  of  the  lower  member  of  the 
conglomerate  formation,  while  the  neck  which  joins  it  to  the  main  mountain  is  excavated  in 
the  softer  sandstones  composing  the  central  group.  Mount  Pisgah  is  therefore  the  extreme  E. 
point  of  the  Serai  conglomerate,  the  very  lowest  layers  of  which  may  be  seen,  near  their  contact 
with  the  superior  l^eds  of  the  Umbral  red  shale,  about  one-third  of  the  way  down  from  the 
summit  Eastward,  exposed  in  the  cuttings  for  the  inclined  plane  which  rests  on  this  slope  of  the 
mountain. 

From  what  has  just  been  said  of  the  positions  of  the  two  bounding  ranges  of  the  conglome- 
rate, it  is  obvious  that  the  end  of  the  included  Coal-measiu'es  is  not  in  the  terminating  knob,  but 
on  the  S.  slope  of  it.  Here,  in  fact,  the  point  of  the  basin  has  been  obliquely  shaved  away  on  its 
S.,  or  rather  S.E.  side,  so  that  it  does  not  end  by  the  closing  round  it  of  the  conglomerate,  but 
is  nipped  abruptly  off  with  the  destruction  of  its  S.  barrier.  This  greatly-denuded  point 
of  the  trough  of  the  coal-rocks  may  be  traced  from  the  spot  where  some  coal  has  been  opened 
in  it,  just  AV.  of  the  little  reservoir.  Eastward  above  the  level  of  the  railroad  for  several 
hundred  yards,  to  where  all  signs  of  the  Coal-measures  vanish,  on  the  S.  flank  of  the  high  knob. 

Westward  from  the  reservoir,  the  waters  of  which  are  manifestly  supplied  from  the  drainage 
of  the  coal-rocks  overlying  the  conglomerate,  the  S.  border  of  the  basin  becomes  better  sup- 
ported by  the  rising  of  the  Sharp  Mountain  barrier  of  conglomerate.  First  the  upper  or  N.  rib 
of  this  formation  assumes  its  proper  place  on  the  margin  of  the  basin,  in  the  form  of  a  narrow 
craggy  ledge  of  very  steeply  North-dipping  strata.  This  ledge  becomes  conspicuous  at  about 
two-fifths  of  a  mile  W.  from  the  reservoir,  from  which  point  W.  the  basin,  ceasing  to  be 
obliquely  truncated,  loses  its  irregular  character  of  a  mere  denuded  terrace,  subordinate  to  the 
S.  slope  of  Locust  Mountain,  and  takes  its  natural  position  between  barriers  of  nearly  equal  eleva- 
tion on  its  two  borders.  At  the  distance  of  nearly  half  a  mile  further,  the  lower  or  S.  rib  of  the 
Sharp  Mountain  conglomerate  likewise  gains  in  due  succession  its  proper  elevation,  and  from 
this  point  forward  forms  the  outer  crest  and  brow  of  the  ridge,  which,  thus  strengthened  and 
augmented,  assumes  and  maintains  an  elevation  equal  to  that  of  the  crest  of  Locust  Mountain. 
The  Sharp  Mountain  rocks  throughout  their  whole  range,  from  E.  of  the  little  reservoir  to  the 
meridian  of  Nesquehoning,  present  an  almost  perpendicular  dip,  seldom  inclining  less  than  85° 
N.  Those  of  the  Locust  Mountain,  from  the  terminating  knob  of  the  basin  to  Nesquehoning 
Notch,  and  indeed  for  a  far  greater  distance,  dip  S.  at  an  angle  which  seldom  exceeds  60°,  for 
the  upper  or  S.  strata,  and  by  the  curving  of  the  whole  mass  is  as  low  in  many  places  as  45°  and 
even  30°,  on  the  N.  or  lower  layers.  Towards  the  E.  end  of  the  basin,  in  the  vicinity  of  the 
little  reservoir,  the  dip  on  this  strike  appears  to  be  at  its  maximum,  the  whole  synclinal  trough 
lying  here  evidently  closely  folded.  It  is  to  the  greater  steepness  of  the  Sharp  Mountain  strata, 
compared  with  those  of  Locust  Mountain,  that  we  must  ascribe  the  greater  denudation  or 
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cutting-clown  of  the  former  ridge  by  the  waters  which  once  rushed  over  the  basin  from  the  N. 
The  depression  at  the  reservoir,  which  separates  the  knob  from  the  main  crest  of  Locust 
Mountain  to  the  W.,  is  likewise  the  result  of  the  same  Southward-moving  current. 

The  E.  end  of  the  basin,  embracing  the  Coal-measures  from  the  reservoir  W.  for  nearly  one- 
third  of  a  mile,  is  not  at  all  basin-shaped  or  trough-like  in  its  profile,  but  is  simply  an  elevated 
flat,  bounded  by  the  Locust  Mountain  and  Sharp  Mountain  ledges  of  craggy  conglomerate,  which 
rise  above  its  plane  not  more  than  40  or  50  feet.  But  from  the  point  just  specified,  the  surface 
included  between  these  barriers  takes  a  hollow  form,  and  soon  assumes  the  curve  of  the  point 
of  a  beautifully-modelled  spoon.  As  we  advance  half  a  mile  or  so  further  W.,  where  the  two 
borders  of  the  trough  become  more  nearly  straight,  diverging  but  slowly  from  each  other,  the 
whole  valley  tapers  in  the  form  of  a  gradually-expanding  shallow  boat,  with  low  but  steep 
bulwarks,  and  the  bottom  slojDing  gently  on  both  sides  toward  the  keel.  Such  is  its  contour  in 
the  vicinity  of  the  Mauch  Chunk  Tunnel,  and  for  1-^  miles  W. 

From  the  point  now  reached  the  basin  assumes  new  features.  The  Locust  Mountain  or 
N.  barrier,  holding  its  rectilinear  course  to  the  Kitchen  Gap  at  Nesquehoning,  becomes  steeper 
on  its  S.  flank,  and  by  a  stronger  denudation  more  terraced.  The  central  deeper  bed  of  the 
valley  containing  the  Kitchen  Creek  is  now  more  profoundly  excavated,  and  approaching  the 
meridian  of  the  sudden  elbow  of  the  stream  where  this  leads  Northward,  it  is  sharply  ravined,  the 
whole  surface  presenting  here  the  cross  section  of  the  bottom  of  a  great  ship,  furnished  with  a 
very  deep  keel. 

Anticlinal  Axis  A,  or  Rhume  Run  Ayiticlinal. — About  the  point  where  these  features  begin,  or 
nearly  1^  miles  W.  of  the  Old  Tunnel,  the  Sharp  Mountain  assumes  a  significant  feature,  bulging 
in  a  broad  knob,  and  bending  somewhat  more  Southward  in  its  trend  to  the  W.  This  point 
appears  to  mark  the  commencement  within  the  basin  of  an  anticlinal  flexure  of  the  strata, 
which  extends  hence  to  the  N.  side  of  Panther  Creek,  and  is  not  lost  until  we  reach  the 
meridian  of  Dry  Hollow,  on  a  position  yet  further  W.  The  influence  of  this  saddle  in  the  rocks, 
which  1  shall  call  the  Ehume  Run  Anticlinal,  is  a  very  important  one  upon  both  the  topographic 
features  of  the  basin  and  the  distribution  of  its  coal-beds.  It  divides  the  general  coal-field 
between  the  Sharp  and  Locust  mountains  into  two  subordinate  basins,  the  Northern  being  the 
prolongation  of  the  single  Eastern  one,  which  we  may  name  the  Mount  Pisgah  and  Hell- 
Kitchen  Basin,  while  the  Southern  is  that  which  contains  the  main  waters  of  Panther  Creek, 
the  name  of  which  I  propose  for  convenience  to  apply  to  it.  This  latter  has  for  its  S.  boundary 
the  crest  of  Sharp  Mountain,  and  the  anticlinal  spur  into  which  this  prolongs  itself  at  Summit 
Hill,  and  as  far  W.  as  Dry  Hollow.  The  Northern  or  Kitchen  Run  Basin  is  deeply  intersected 
transversely  by  the  ravines  of  both  the  Kitchen  Run  and  Rhume  Run,  which  discharge  theii*  drain- 
age through  their  respective  notches  in  Locust  Moimtain,  near  Nesquehoning.  The  S.  subordinate 
basin,  originating,  as  was  indicated,  about  a  mile  E.  of  the  position  of  Nesquehoning,  has  here  a 
high  table-land  surface,  which  extends  W.  as  an  elevated  skirt  from  the  base  of  the  crest  of 
Sharp  Mountain,  all  the  way  to  the  S.  head-ravines  of  Panther  Creek  —  its  only  obvious 
indentation  being  a  ravine  opening  N.E.,  which  contains  the  S.  prong  of  Rhimie  Run.  Between 
the  ravines  of  Rhume  Run  and  those  of  the  sources  of  Panther  Creek,  the  whole  general  basin, 
including  the  central  anticlinal  and  the  two  syncHnals,  is  filled  up  to  one  even  level  contour, 
presenting  large  breasts  of  coal  in  the  two  subordinate  troughs. 
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Course  of  the  Rliume  Run  Anticlinal  traced. — This  well-marked  anticlinal  axis  defines 
itself  very  beautifully  at  sundry  points  along  its  course.     We  first  encounter  it  going 
"Westward,  in  the  long  Nesquehoning  Tunnel  (No.  1),  where  it  causes  the  steep  N.  dip 
of  the  N.  vertical  seams,  and  other  coal-beds  next  S.  of  this.    Traced  to  the  ravine  of  Rhume 
Run,  the  very  axis  itself  is  seen  exposed  in  a  grand  saddle  of  coal,  long  ago  laid  open  to 
view,  at  what  is  called  the  Fifty -feet  Vein,  the  coal-bed  being  here  that  which  elsewhere 
in  this  locality  is  known  as  the  Twenty-eight-feet  Seam,  the  actual  thickness  of  which  is, 
however,  generally  14  or  15  feet.    (See  the  Plate,  which  presents  a  view  of  this  fine  saddle 
of  coal  as  it  was  to  be  seen  in  1840,  when  the  mine  was  actively  wrought.)    At  a  lower  level 
than  this  arch,  the  two  dips  of  the  twenty-eight  feet  coal  are  seen  in  the  Rhume  Run  Tunnel,  or 
that  called  No.  2  of  the  Nesquehoning  Mines.    On  the  W.  side  of  Rhume  Run  the  axis  is  well 
expressed  in  a  jutting  hill  or  knob,  which  rises  here  immediately  in  the  line  of  the  great  arch  of 
coal.    Following  the  course  of  the  anticlinal  through  the  table-land  or  watershed  of  the  valley, 
it  is  first  indicated  in  the  wide  gentle  central  ridge  which  starts  from  Rhume  Run  in  the  hill  just 
mentioned,  but  at  the  very  watershed  it  is  scarcely  marked  at  all  upon  the  surface.    From  this 
high  flat,  Westward,  it  may  be  very  distinctly  traced  in  the  crest  of  the  long  symmetrical  ridge 
which  this  plateau  sends  forward  between  the  ravines  of  the  Middle  and  N.  branches  of  Panther 
Creek.    The  exact  place  of  the  axis  is  revealed  at  the  extremity  of  this  spur,  where  the  strata, 
crossing  the  stream,  are  exposed  between  the  mouth  of  Tunnel  No.  6  and  the  Coal-Breaker  con- 
nected with  the  mines  here.    Its  position  is  about  400  feet  S.  of  the  tunnel.    The  axis  is  again 
exposed  nearly  a  mile  from  this  point  in  Tunnel  No.  7,  close  by  its  mouth,  and  is  distinctly 
and  for  the  last  time  revealed  in  Tunnel  No.  8,  about  another  mile  still  further  onward.  From 
this  point  forward  we  may  see  in  the  form  of  the  surface  the  prolongation  of  this  straight  and 
regular  anticlinal  for  yet  a  mile  or  more  Westward,  beyond  which  it  is  at  present  too  vaguely 
indicated  to  be  traceable.    That  this  anticlinal  does  not  reach  the  Little  Schuylkill,  nor  even  the 
ravine  of  the  Greenwood  Tunnel,  will  be  quite  obvious  to  the  reader  upon  his  merely  inspecting 
the  sections  at  those  places.    The  undulation  evidently  smooths  itself  out  at  the  foot  of  the 
Locust  INIountain,  somewhere  opposite  the  point  of  the  long  spur  of  Summit  Hill,  a  mile  or  more 
Westward  from  Coaldale. 

A,  Panther  Creek  S.  Anticlinal,  or  Subordinate  Axis  of  Panther  Ci^eek. — I  must  here 
observe  that  we  have  indications,  both  in  the  topography  and  the  dips  of  the  strata  at  a  few 
points,  that  there  exists  a  second  parallel  and  smaller  anticlinal  a  thousand  feet  or  more  to  the 
S.  of  the  main  one  already  traced.  It  appears  to  start  from  the  high  flat  ground  S,  of  Rhume 
Run  Gap,  and  pass  through  the  Southernmost  ravine  of  Rhume  Run,  thence  through  the  water- 
shed and  the  spur  which  this  sends  ofi"  between  the  Southern  and  middle  forks  of  Panther  Creek, 
and  thence  along  the  brow  of  the  ridge  which  bounds  the  immediate  vaUey  of  Panther  Creek  on 
the  S.,  as  far  as  the  base  of  the  Panther  Creek  inclined  plane  No.  2.  Thus  the  main  stream  of 
Panther  Creek  would  seem,  in  the  part  of  its  course  opposite  Summit  Hill,  to  flow  along  a 
central  small  synclinal  trough  midway  between  the  two  approximate  anticlinals. 

This  axis  is  intersected  in  Tunnel  No.  9  about  300  feet  S.  of  its  entrance,  where  it  exposes 
excessively  steep  dips,  and  is  partly  compressed.  The  anticlinal  here  coincides  very  nearly 
with  the  summit  of  the  ridge,  the  height  of  which  about  Panther  Creek  approaches  1 00  feet. 
(See  Section  of  the  Coal-field  from  Sharp  to  Locust  mountains  through  Summit  Hill,  Plate  VI,) 
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B,  Summit  Ilill  and  Tamaqua  Anticlinal. — The  next  great  feature,  structural  and  topo- 
graphical, which  we  encounter  in  our  progress  Westward  along  the  coal-field,  is  the  broad  and 
well-marked 

Anticlinal  of  the  Summit  Hill. — I  have  already  defined  this  to  be  approximately  but  not 
strictly  in  the  prolongation  of  the  great  anticlinal  of  ]\Iine  Hill,  which  here,  at  the  Summit 
Hill,  passes  out  of  the  basin  through  its  S.  barrier  of  conglomerate.  The  axis  of  this  bold 
fiexure  is  first  developed  to  the  Eastward  in  the  high  expanded  summit  of  Sharp  Mountain, 
which  is  called  Mount  J efferson,  where  the  dips  on  both  sides  of  the  axis  in  the  arch  of  the  Serai 
conglomerate  on  the  crest  of  the  mountain  are  extremely  gentle.  The  whole  mountain  at  this 
broadest  point  embraces  indeed  not  only  the  anticlinal  arch,  but  the  extreme  end  of  the  basin  of 
the  E.  Mine  included  between  this  anticlinal  and  the  crest  of  Sharp  Mountain.  In  its  course 
Westward  this  anticlinal  holds  up  the  conglomerate  in  a  gradually-contracting  mountain-spur 
for  a  distance  of  1:^  miles  as  far  as  the  W.  edge  of  the  village  of  Summit  Hill,  past  which  spot, 
a  little  W.  of  the  crossing-point  of  the  main  public  road,  the  axis  is  overarched  by  the  Coal- 
measures,  the  Great  Surface  Mine,  or  open  quarry  of  coal  of  the  Lehigh  Company,  here  com- 
mencing. From  this  place  the  ridge-line  of  the  flexure  is  traceable  through  the  old  mine,  with 
everywhere  a  dip  of  40°  or  45°  on  its  S.  side,  and  a  steep  one  of  75°  or  80°  on  its  N.,  to  where  the 
two  grand  outcrops  of  the  gigantic  coal-bed  unite,  and  saddle  the  axis  about  1000  feet  W.  of  the 
mouth  of  the  Slope  mine  called  No.  2.  The  precise  position  of  the  axis  is  under  the  N.  edge  of  the 
village  of  Summit  Hill,  again  about  100  feet  S.  of  the  Catholic  chapel,  and  again  almost  exactly  at 
the  Breaker  House  of  the  Great  Slope  Mine.  From  this  last-named  spot  the  anticlinal  and  the 
spur  which  it  sustains  point  downward  in  their  W.  course,  until  the  axis  crosses  the  ravine  called 
Dry  Hollow.  Its  course  thence  is  high  on  the  N.  slope,  and  along  the  crest  of  the  Dry  Hollow  spur 
or  ridge,  within  which  it  is  intersected  by  the  Dry  Hollow  Tunnel  at  a  point  about  700  feet  in  or 
Southward  from  the  mouth.  From  the  W.  part  of  this  high  ridge,  which,  for  a  certain  distance, 
almost  coalesces  with  the  N.  flank  of  Sharp  Mountain,  the  further  course  of  the  anticlinal  for 
half  a  mile  is  a  little  vague,  but  we  recover  traces  of  it  immediately  on  crossing  Panther  Creek 
south  of  the  ravine  of  Greenwood  Colliery,  where  the  axis  passes  between  the  public  road  and  the 
Coal-Breaker.  Thence  to  its  exposure  at  the  Little  Schuylkill  its  position  may  be  approximately 
made  out  by  its  topographical  indications,  in  the  absence  of  definite  exposures.  On  both  sides  of 
the  river  I  have  detected  the  exact  place  of  the  axis  within  a  possible  error  of  a  very  few  yards. 

It  will  be  observed,  on  inspecting  our  Section  of  the  basin  at  the  Little  Schuylkill,  that  three 
anticlinals  are  indicated.  The  existence  of  all  of  these  is  obvious  from  the  directions  of  the  dip 
in  the  rocks.  The  S.  one  is  the  Mine  Hill  axis,  and  the  N.  one  the  prolongation  of  that  of  the 
Summit  Hill  or  Sharp  Mountain  anticlinal.  As,  however,  the  interval  at  the  river  between  the 
Northern  and  Middle  one  is  only  650  feet,  and  that  between  the  Middle  and  Southern  does  not 
exceed  850  feet,  all  three  may  be  regarded  as  but  undulations  in  one  main  anticlinal ;  and  our 
view  will  not  err  either  in  its  practical  bearings  or  its  theoretical  soimdness,  if  we  consider  the 
Mine  Hill  and  Summit  Hill  flexures  as  essentially  one  continuous  line  of  uplift. 

The  Mine  Hill  axis,  in  its  E.  extension  crossing  the  Little  Schaylkill  on  the  S.  edge  of  the 
village  of  Tamaqua,  seems  to  be  prolonged  Eastward  from  the  river  for  a  short  distance  at  least, 
but  how  far,  it  has  been  impossible  to  ascertain.  This  axis  is  evidently  already  very  faint  at 
Tamaqua,  as  the  section  there  will  show,  and  it  is  possible  that  it  does  not  pass  the  river  more 
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than  a  mile  or  so  before  it  ceases  altogether  ;  yet  there  are  indications  that  it  reaches  the  Sharp 
Mountain  S.  of  the  Great  Summit  Mine. 

SYNCLINAL  BELTS  OR  BASINS. 

Having  traced  with  sufficient  minuteness  the  anticlinal  flexures  of  the  E.  end  of  the  coal- 
field  as  far  W.  as  the  Little  Schuylkill,  let  us,  before  proceeding  further,  describe  the  subordinate 
basins  which  they  enclose,  and  the  Coal-measures  which  lie  within  them. 

Basin  A,  or  Synclinal  Trough  of  Anticlinal  A  and  Locust  Mountain. — This  Easternmost 
subdivision  of  the  coal-field,  bounded  on  the  N.  by  the  Locust  Mountain,  and  on  the  S.  by  the 
anticlinal  axis  A,  originates,  as  we  have  seen,  on  the  S.  slope  of  the  terminal  mountain-knob  of 
the  coal-field,  near  the  little  reservoir  above  the  railroad.  It  deepens  and  widens  Westward 
between  Locust  and  Sharp  mountains,  to  the  place  of  the  commencement  of  the  anticlinal  axis 
A,  on  the  shoulder  of  the  last-named  ridge,  beyond  which  it  follows  the  N.  side  of  the  valley,  at 
the  base,  and  in  the  S.  slope  of  Locust  Mountain  to  the  cessation  of  axis  A,  where  the  trough 
merges  into  the  wider  basin  B,  contained  between  the  Locust  Mountain  and  the  anticlinal  axis 
B  of  Summit  Hill,  prolonged  thence  to  Newkirk.  Throughout  its  entire  length,  indeed  to  the 
Little  Schuylkill,  and  still  further,  the  Coal-measures  of  the  N.  side  of  this  straight  and  regular 
trough  have  a  rather  uniform  undisturbed  dip  S.  of  from  45°  to  60°.  They  ascend  in  many 
places  nearly  to  the  top  of  the  S.  slope  of  the  Locust  Mountain.  Some  of  the  lower  coal-beds, 
especially  the  Great  Summit  stratum,  being  very  thick,  their  lines  of  outcrop  are  distinctly 
expressed  in  many  places  by  slight,  nearly  level  indentations  along  the  flank  of  the  mountain, 
looking,  under  the  slanting  Western  sun,  like  ancient  half-eSaced  beaches,  or  long-neglected  road- 
ways. These  benches  on  the  mountain,  as  they  are  called,  are  particularly  distinct  opposite 
Summit  Hill.  A  sketch  here  introduced  (see  Plate)  illustrates  well  their  features  in  that  part 
of  the  basin,  when  beheld  late  in  the  afternoon  of  a  summer's  day,  or,  better  still,  when  the 
snows  of  winter  cover  all  the  lesser  inequalities  of  the  surface  and  all  confusing  diversities 
of  colour,  and  display  only  the  softer  contours  of  the  surface. 

From  the  E.  head  of  the  basin  for  nearly  2  miles  W.  to  a  bulge  in  the  Sharp  Mountain,  which 
marks  the  commencement  or  passage  of  the  first  anticlinal  axis,  the  Coal-measures  of  the  S.  side 
of  the  trough  possess  a  nearly  vertical  dip,  like  that  of  the  conglomerate  of  the  mountain.  This 
E.  end  of  the  basin,  though  not  traversed  by  any  yet  known  anticlinal  axis,  shows  a  consider- 
able amount  of  disturbance,  especially  towards  its  centre,  as  might  be  inferred  from  the  exces- 
sive steepness  of  the  strata,  and  their  confining  walls  of  conglomerate.  The  Lehigh  Company's 
Old  Maucli  Chunk  Tunnel,  as  it  is  called — the  first  ever  constructed  in  the  coal  region — lies 
nearly  one  mile  W.  of  the  point  of  the  basin.  It  perforates  the  entire  thickness  of  the  con- 
glomerate of  the  Sharp  Mountain,  and  apparently  reaches  the  Big  coal  of  the  basin,  the  position 
of  which  is  nowhere  far  above  the  conglomerate,  with  seldom  more  than  two  comparatively  thin 
coals  between  them.  The  large  coal,  however,  is  in  a  thoroughly  squeezed  and  jumbled  condition, 
and  whoUy  unfit  for  mining.  It  is  evident,  indeed,  that  it  occupies  merely  the  synclinal  axis  of 
the  basin,  and  that  the  central  depression  of  the  trough  contains  not  a  simple  synclinal  curve, 
but  a  succession  of  close  and  confused  foldings  of  the  superficial  strata — an  almost  invariable 
feature  towards  the  ends  of  those  coal-basins  which  exhibit  a  sharp  or  steep  flexure  of  the  rocks. 
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Indeed,  it  is  not  conceivable  that  the  soft  Coal-measures,  the  uppermost  formation,  should  be 
otherwise  than  greatly  crushed  or  plicated,  compressed  as  they  must  have  been  at  the  steep 
uptilting  of  the  far  less  yielding  formations  which  underlie  them.  It  is  not  probable,  there- 
fore, that  this  extreme  E.  division  of  the  coal-field,  the  end  of  basin  A,  will  afford  much  coal  in 
a  sound  enough  condition  for  working ;  there  is,  however,  a  fair  prospect  of  a  good  body  of 
tolerably  sound  coal  W.  of  the  tunnel,  towards  the  Hell-Kitchen  Gap  at  the  S.  base  of  the  Locust 
Mountain,  where  the  dips  do  not  exceed  60°.  Near  the  line  of  the  tunnel,  the  Lehigh  Company 
caused  a  deep  cross-trench  to  be  cut  not  far  from  the  synclinal  axis  of  the  basin,  but  the  coal — 
probably  the  large  bed  of  the  Nesquehoning  mines  called  Twenty-eight  Feet  Bed,  but  actually 
measuring  15  feet — proved  to  be  in  a  thoroughly  crushed  condition.  Another  cross  cut,  some 
400  feet  W.  of  the  line  of  the  former,  also  shows  an  apparently  large  mass  of  squeezed  coal ; 
and  a  third  lesser  one,  300  feet  S.  of  this,  was  made  with  no  better  success.  A  coal  10  feet 
thick  at  the  outcrop  was  opened  near  the  line  of  the  tunnel,  on  the  S.  edge  of  the  very  crest 
of  the  Locust  Mountain. 

NESQUEHONING  MINES. 

These  mines  are  part  of  the  coal  estate  of  the  Lehigh  Company,  and  are  situated  about  4 
miles  W.  of  the  E.  point  of  the  basin  opposite  the  mining  village  of  Nesquehoning.  The  Locust 
Mountain — sometimes  erroneously  called  the  Nesquehoning  IVIountain — is  here  cleft  by  two 
deep  notches  ;  the  more  Eastern  of  these,  called  the  Hell-Kitchen  Gap,  from  the  excessive  rug- 
gedness  of  the  ground,  discharges  the  Kitchen  Run,  which  drains  aU  the  E.  end  of  the  basin. 
The  more  Western,  half  a  mile  distant,  is  called  the  Rhume  Run  Gap,  discharging  a  stream  of 
that  name  which  heads  W.  and  S.  a  mile  or  more  distant  against  the  sources  of  Panther  Creek. 

The  Coal-measures  of  the  basin  A  we  are  describing  are  deeply  cut  and  well  exposed  in  the 
ravine  of  Rhume  Run,  and  have  been  for  many  years  extensively  mined  for  their  coal,  and  I  pro- 
pose to  show,  with  the  aid  of  a  Section,  as  far  as  the  developments  and  the  data  collected  will 
permit  me,  the  particular  type  which  the  Coal-measures  here  put  on.  As  the  Section  speaks  for 
itself,  showing  the  horizontal  distances  between  the  outcrops  of  the  principal  coal-beds,  their 
angles  of  dip,  and  their  horizontal  thicknesses,  a  detailed  description  of  it  will  not  be  necessary. 


Fig.  138.— Section  of  the  Coal  Strata  at  Rhume  Run,  looking  E. 

The  measurements  were  made  in  1840,  when  many  of  the  developments  were  less  obscure 
than,  from  dilapidation  of  the  older  workings,  they  are  at  present ;  but  it  should  be  observed 
that  some  additional  facts  have  probably  since  come  to  light,  of  a  nature  to  modify  slightly  the 
results  here  presented.  The  precise  position  of  the  synclinal  fold  has  not,  I  believe,  been  ascer- 
tained, but  it  is  probably  somewhere  between  the  12-feet  coal  dipping  S.,  and  the  apparently 
inverted  coal  called  the  Pencil  Vein.  We  revised  the  ground  in  1852,  and  found  some  new 
developments,  requiring  us  to  modify  our  previously  carefully-gathered  notes. 
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Two  long  tunnels  have  been  cut  across  the  strata,  intersecting  in  all  nineteen  strikes  of  coal, 
but  some  of  them  under  three  repetitions,  from  the  circumstance  that  they  cross  the  anticlinal 
axis  A  from  the  N,  basin  to  the  S.  one  next  the  Sharp  Mountain.  These  tunnels  cut  seven 
separate  coal-seams,  of  diameters  from  3  to  1 7  feet  ;  which,  when  originally  opened  at  their  out- 
crops, appeared  to  be  far  thicker,  and  some  of  them  are  still  designated  by  their  first-imputed 
exaggerated  sizes.  Nevertheless  their  dimensions  at  this  locality  are  unusually  large,  the 
amount  of  coal  in  the  first  few  hundred  feet  of  the  Coal-measures  rivalling  that  to  be  found 
anywhere  in  the  general  coal-field.  Besides  the  seven  workable  beds  here  enumerated,  the 
outcrops  of  two  or  three  others  have  been  opened,  showing  thicknesses  of  2  feet  and  less 

The  following  tables,  politely  furnished  by  the  officers  of  the  Lehigh  Company  in  1853, 
contain  the  most  authentic  data  procurable,  respecting  the  thicknesses  and  workable  capacities 
of  the  several  seams.  Their  distances  asunder  are  not  given,  but  these  are  approximately 
presented  in  the  engraved  section,  constructed  from  our  earlier  measurements. 

COALS  m  TUNNELS  Nos.  I.  AND  II.,  NESQUEHONING  MINES. 


TUNNEL  No.  L 


.No. 

Name. 

Horizontal 

Thickness  at 

Estimated 

Observations. 

Thickness. 

right  angles. 

working  Coal. 

1 

Rotten  vein 

2 

3  feet 

3 

28-feet  vein 

22  feet 

14i  „ 

say  9  feet 

Identical  with  No.  13. 

4 

^  »  » 

4  „ 

4 

11  or  12. 

5 

29",, 

17  „ 

»  8  „ 

10. 

6 

39  „  „ 

26  „ 

15  „ 

»  8  „ 

J,  9. 

7 

12   „  „ 

16  „ 

12  „ 

J,          „  8. 

8 

Pencil  vein 

14  „ 

7 

9 

Brown  „ 

14  „ 

10 

N.  vertical  vein 

18  „ 

16'",, 

„  8  „ 

11 

6-feet  vein 

6  „ 

12 

4 

4  „ 

}}  3  „ 

13 

50  feet  N.  dip 

25  „ 

14 

50  feet  S.  dip 

31  „ 

15 

3-feet  vein 

4  „ 

16 

10  „  „ 

18  „ 

(  26  at  bot-  ■) 

average  13 
feet. 

17 

26  „  „ 

<    torn    of  > 
(   tunnel.  ) 

18 

14  „  „ 

14  „ 

19 

11   »  „ 

11  „ 

TUNNEL  No.  IL 

10 

N.  vertical 

11 

2i-feet  vein 

2i  feet 

12 

13 

50  feet  N.  dip 

27  feet 

23  „ 

say  9  feet 

14 

50  feet  S.  dip 

38  „ 

30  „ 

15 

2-feet  vein 

I  " 

16 

^2  „ 

17 

S.  vertical 

12"  „ 

18 

A  new  vein. 

5  "'„ 

»  2-|  „ 

Comparing  the  data  presented  in  the  first  Table  with  the  engraved  Section,  it  will  be  observed 
that  the  latter  exhibits  a  thin  coal,  called  the  Proved  Vein,  between  Brown's  Vein  and  the  North 


56 


LOCUST  MOUNTAIN  BASIN. 


Vertical,  whereas  no  such  appears  in  the  list  of  those  cut  in  the  tunnel.  On  the  other  hand,  two 
coals — the  6-feet  and  the  4-feet  seams — occur  in  the  tunnel  between  the  North  Vertical  and 
the  great  arching  coal  called  the  Fifty  Feet.  Our  Section,  however,  shows  these  on  the  S.  side 
of  the  great  saddle,  and  in  their  right  position  above  the  so-called  Twenty-eight  Feet  Vein,  of 
which  the  saddle  is  but  the  anticlinal  uplift ;  there  is  therefore  no  discrepancy  except  in  the 
introduction  of  the  thin  coal  between  the  North  Vertical  and  Brown's. 

How  far  along  the  basin  to  the  Eastward  each  of  the  seven  main  coals,  intersected  by  No.  1 
Tunnel,  extends  before  it  is  finally  lifted  out  in  a  point  by  the  continuous  rising  of  the  whole 
trough,  it  is  impossible,  in  the  absence  of  extensive  mining  and  shafting  in  that  direction,  to 
ascertain,  but  it  is  pretty  obvious  that  the  uppermost  can  hardly  pass  the  ravine  of  the  Kitchen 
Eun  :  the  underlying  seams  must,  however,  extend  in  broad  and  regular  breasts  between  the 
centre  of  the  valley  and  Locust  Mountain  a  good  distance  E.  of  the  ravine ;  the  lowest  of  the 
large  ones — the  so-called  Twenty-eight  Feet  Vein,  or  third  in  the  ascending  order— reaching  to 
the  Mauch  Chunk  Tunnel,  but  much  crushed  towards  its  E.  termination,  as  we  have  already  seen. 
It  is  a  point  of  interest  to  know  how  far  this  large  coal.  No.  3,  continues  to  span  the  anticlinal 
axis  Eastward  from  the  tunnel.  It  is  exposed,  as  we  know,  in  the  ravine  of  Rhume  Run,  where 
it  exhibits  the  remarkable  saddle  represented  in  the  sketch  (see  Plate)  ;  and  as  our  Table  shows, 
it  is  cut  in  both  the  tunnels.  The  rise  of  the  axis  most  probably  brings  it  to  the  day  somewhere 
opposite  the  turn  of  the  Kitchen  Run  towards  the  N.  It  is  not  probable  that  either  this  or 
any  of  the  overlying  coals  will  be  found  to  contain  on  their  N.  dip,  either  along  the  anticlinal 
axis  or  the  Sharp  Mountain  eastward  of  Rhume  Run,  any  considerable  amount  of  soimd  mer- 
chantable coal. 

The  coal-seams  of  the  Nesquehoning  mines  are  for  the  most  part  wrought  by  "  drifts  "  or 
"  levels  "  leadino;  E.  and  W.  from  the  tunnels  followino;  the  course  of  the  beds.  Some  drifts 
are  also  carried  in  from  the  water-level  of  the  ravine,  and  the  Big  Seam  has  also  been  mined  by 
a  slope  or  an  inclined  plane,  with  railway-tracks  laid  on  the  slanting  floor  of  the  coal-bed,  and 
with  a  stationary  steam-engine  as  the  lifting  power,  after  the  manner  prevalent  in  the  coal  region. 
From  the  mouths  of  the  drifts  the  coal  is  conveyed  by  short  branch-roads  to  a  central  or  trunk 
railroad  Northward  across  the  strata  towards  the  opening  of  the  notch  in  the  mountain,  where  a 
long  inclined  plane,  descending  at  an  angle  of  6°,  overcomes  the  declivity  of  the  ravine,  and 
conveys  the  coal  to  another  railroad  at  the  village  of  Nesquehoning,  by  which  it  is  transported 
to  the  Lehigh  Navigation  at  Mauch  Chunk,  a  distance  of  about  five  miles. 

Though  we  cannot  determine  strictly  the  position  of  the  synclinal  axis  of  the  basin,  the 
evidence  preponderates  for  placing  it  just  N.  of  the  Pencil  Vein.  Upon  this  interpretation  of 
the  Section,  the  Third  or  Twenty-eight  Feet  Vein,  so-called,  and  the  so-called  Fifty-Feet  Vein, 
are  but  different  outcrops  of  one  and  the  same  bed.  This  is  manifest  from  their  agreement  in 
thickness.  Upon  the  same  hypothesis,  the  Fifth  or  Nineteen-feet  Vein  by  name,  actually  1 7  feet 
thick,  has  its  other  outcrop  in  the  N.  vertical  vein  ;  and  the  Sixth  or  so-called  Thirty-nine-feet 
Vein,  the  real  thickness  of  which  has  been  ascertained  in  the  tunnel  to  exceed  15  feet,  is  the 
equivalent  of  the  Brown  Vein ;  while  the  Twelve-feet  Vein  and  the  Pencil  Vein  are  the  two 
outcrops  of  the  uppermost,  separated  by  the  synclinal  axis  or  fold.  Upon  this  view,  the  counter- 
part of  the  double  bed,  sometimes  called  Rowland's  Vein,  which  next  overlies  the  third  or  main 
South-dipping  coal,  is  the  fourth  or  5-feet  seam  near  the  mouth  of  the  tunnel. 
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COAL-SEAMS  OF  THE  NESQUEHONING  MINES. 
I  proceed  now  to  give  a  description  of  the  several  coal-beds. 

No.  1.  Rotten  Coal. — This  is  apparently  the  lowest  coal  in  the  series,  though  its  distance 
above  the  assumed  top  of  the  Serai  conglomerate  has  not  been  definitely  ascertained.  Its  total 
thickness  is  about  7  feet,  of  which  5^  feet  are  coal.  This  coal  burns  well  enough,  but  is  crumbly 
and  unsaleable.  It  resembles  much,  both  in  its  aspect  and  fracture,  the  corresponding  lowest 
bed  of  the  Tamaqua  mines.  Where  mined,  the  roof  or  top  slate  has  not  been  firm,  but  shaly, 
though  the  floor -or  bottom  slate  was  strong  and  hard.  This  was  mined  chiefly  on  the  W.  side 
of  the  ravine,  where  there  were  two  drifts,  one  on  a  level  w' ith  tlie  railroad,  and  the  other  about 
60  feet  above  it.  But  this  mine  is  now  no  longer  prosecuted.  The  slope  of  the  hill  on  the  E. 
of  the  ravine  is  such  as  to  give  it  too  little  breast  there  to  make  the  mining  of  it  profitable, 
even  if  the  coal  had  proved  of  a  quality  suitable  for  the  market.  Its  dip  is  2,5°  S.,  and  its  strike 
is  nearly  E.  and  W. 

No.  2.  Tivo  Thin  Coals. — Between  the  Rotten  Coal  and  the  Main  Lower  Coal,  two  thin  seams 
are  known,  but  their  distances  from  it  are  not  accurately  ascertained.  One  showed  at  the 
outcrop  about  15  inches  thickness  of  crushed  coal ;  the  other  was  also  very  narrow,  but  its 
real  dimensions  had  not,  at  the  date  of  our  first  observations,  been  recorded  by  the  miners. 
Subsequently  one  of  them  has  been  mined  near  Tunnel  No.  1,  and,  according  to  the  table, 
measures  3  feet. 

No.  3.  The  Main  Lower  Coal,  called  the  Twenty-eight-feet  Vein,  has  its  outcrop  650  feet  to 
the  S.  of  the  Rotten  Coal,  and  is  separated  from  it  by  an  actual  thickness  of  222  feet  of  coarse 
sandstone  and  slate.  The  total  width  of  this  bed,  measured  horizontally,  including  its  benches 
of  slate,  is  about  22  feet,  though,  from  the  disturbances  in  the  dip,  it  is  somewhat  variable.  It 


consists  of  several  portions  : — 

1.  Upon  the  bottom  slate  rests  a  layer  of  slaty  coal  dirt,       .....  1  foot. 

2.  To  this  succeeds  the  lower  bench  of  coal,  usually  7  feet,  but  occasionally  ]  3  feet  thick,      .  7  feet. 

3.  Next  a  slate  of  variable  size,  increasing,  as  the  drift  advanced  W.  of  the  mouth  of  the  mine,  to  4  „ 

4.  Above  this  a  layer  of  bone-coal,  or  slaty  coal,        .  .  .  .  .  .  5  „ 

5.  And  capping  the  whole,  an  upper  bench  of  coal,  never  more  than  .  .  .  .  5  „ 


22  „ 

The  actual  thickness  is  14-^  feet  in  the  tunnel,  and  the  amount  of  marketable  coal  is,  on  an 
average,  9  feet. 

The  original  mine  was  on  the  W.  side  of  the  ravine.  The  bed  was  entered  by  three  drifts  in 
all,  with  a  difference  of  level  of  40  feet  between  each  two.  Only  the  lower  one  was  persevered 
in.  In  one  of  the  upper  ones,  the  top  and  middle  slates  cut  out  all  the  coal.  When  first 
entered,  the  bed  preserves  for  1 00  yards  an  average  thickness  of  25  feet,  having  a  few  seams  of 
slate,  but  yielding  a  very  good  coal.  At  about  that  distance  a  fault  or  curl  in  the  top  slate  was 
encountered  for  a  short  distance,  and  beyond  it  the  coal  has  never  been  as  firm  and  regular  as 
previously.  The  middle  slate,  which  now  divides  the  bed  into  two  benches,  was  originally  but 
a  few  inches  thick  ;  but  passing  the  fault,  it  swelled  to  the  dimensions  already  stated.  At  the 
termination  of  700  yards  the  drift  ends  in  6  feet  of  coal.  The  disturbances  in  this  mine  were 
generally  in  the  top  slate. 
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As  with  nearly  all  the  beds  at  this  locality,  the  dip  is  not  constant.  At  the  mouth  of  the 
drift  it  is  20°  S.,  but  further  in  it  increases,  and  occasionally  is  perpendicular  ;  at  260  yards  in 
it  is  50°  S.,  and  at  700  yards  40°  S. 

No.  4.  Rowland's  Coal,  or  the  double  bed,  outcrops  227  feet  to  the  S.  of  the  Main  Coal, 
being  divided  from  it  by  77  feet  of  rock.  This  bed  consists  of  two  seams  of  coal  separated  by 
3  or  4  feet  of  slate.  The  lower  bench  of  coal  was  opened  on  both  the  E.  and  W.  sides  of  the 
ravine,  and  measured  4  feet  of  very  inferior  coal,  and  was  therefore  never  follow^ed  ;  but  the 
upper  coal,  which  was  likewise  entered  in  both  directions,  yielded  on  the  E.  side,  where  it  was 
soundest,  about  5  feet  of  good  coal  with  no  slate.  In  the  tunnel  it  contains  4  feet  of  good  coal. 
On  the  W.  side  it  was  more  disturbed,  there  being  a  succession  of  rolls  for  the  first  150  or  200 
feet,  beyond  which  the  bed  was  regular,  with  a  dip  of  25°  S. ;  whereas  near  the  entrance  of 
the  drift  the  dip  is  60°  S. 

It  was  stated  to  us  by  the  intelligent  superintendent  of  the  mines,  that  a  little  to  the  S. 
of  the  lower  bench  of  this  double  bed,  he  met  with  the  largest  bed  of  iron  ore  seen  in  these 
mines.  Time  had  obliterated  the  freshness  of  tlie  excavations,  and  we  were  therefore  unable 
to  ascertain  either  its  amount  or  quality. 

No.  5.  The  Nineteen-feet  Coal,  the  real  thickness  of  which  in  the  tunnel  is  17  feet,  has  its 
outcrop  about  114  feet  to  the  S.  of  the  Double  Vein,  with  an  actual  thickness  of  intervening 
strata  of  nearly  57  feet.  Where  this  bed  was  opened  on  the  E.  side  of  the  ravine,  it  consisted, 
beginning  with  the  bottom,  of,  1st,  about  2  feet  inferior  coal  ;  2d,  6  inches  of  slate  ;  3d,  4  feet 
of  coal ;  4th,  a  few  inches  of  slate  ;  5th,  from  2  to  3  feet  of  coal  ;  and  6th,  the  remainder  of 
the  bed,  soft  or  dirty  coal.  On  the  W.  side  of  the  ravine  the  bed  was  opened  at  a  higher 
level ;  but  here  a  roll,  or  rather  a  small  anticlinal  bulge  of  the  whole  bed,  occurs,  upon 
both  sides  of  which  rather  good  coal  was  obtained  :  but  all  mining  upon  this  coal  was 
subsequently  abandoned.  This  bed  is  not  very  regular  in  its  course  or  dip.  The  average 
dip  is  35°  S. 

No.  6.  The  so-called  Thirty-nine-feet  Coal,  the  true  thickness  of  which  is  about  15  feet,  is 
distant  from  the  last-described  bed  228  feet,  and  overlies  it  by  137  feet  of  interposed  slate  and 
sandstone.  On  the  W.  side  the  bed  exhibits  an  anticlinal  dip  in  the  drift,  with  the  coal  10  feet 
thick  on  each  side  of  the  axis.  Extending  the  drift  along  the  Northern  or  steepest  leg  of  the 
arch,  the  dip  suddenly  changes  from  35°  or  40°  N.  almost  to  perpendicular.  BeUeving  that  the 
coal  must  rise  again,  the  superintendent  of  the  mines  caused  a  tunnel  to  be  driven  Northward 
through  the  top  slate,  and  thereby  reached,  at  no  great  distance,  a  steep  South-dipping  bed  of 
coal,  23  feet  in  thickness,  much  of  which  was  of  good  quality. 

The  two  following  diagrams,  one  a  section  of  the  bed  at  this  point,  and  the  other  a  ground- 


TopSlaf 


EHUME  RUN. 


59 


plan  of  the  mine,  are  instructive  as  illustrating  the  remarkable  local  alterations  in  thickness 
which  coal-beds  often  present  where  they  have  been  subjected  to  violent  contortion  and  dis- 
turbance. 

No.  7.  The  Tivelve-feet  Coal,  the  real  thickness  of  which  is  12  feet,  contained,  in  the  old 
drift-mines,  only  about  3^  feet  of  good  coal.  The  distance  of  its  outcrop  from  No.  6,  the  last 
described,  is  183  feet,  and  the  dividing  strata  are  129  feet  thick.  Upon  the  bottom-slate  rests 
about  6  inches  of  soft  coal  or  "  dirt,"  and  upon  this  the  bench  of  good  coal  of  the  dimensions  just 
stated,  then  an  inch  or  two  of  slate,  and  above  it  the  top  bench  of  coal,  which  is  of  the  kind 
called  hone  coal,  and  is  not  saleable.  It  is  stated  that  at  the  end  of  the  gangway,  now  closed  by 
the  falling  of  the  roof,  the  lower  bench  of  Coal-measures  is  8  feet  in  thickness.  The  average  course 
of  this  bed  is  E.  and  W.,  and  its  dip  48°  S. 

No.  8=7  inverted. — The  Pencil  Coal,  distant  from  the  last  described  241  feet  in  a  horizontal 
direction,  and  in  the  direction  perpendicular  to  the  dip  178  feet,  owes  its  name  to  the  pencil- 
shaped  fragments  into  which  it  splits.  Its  thickness  is  uncertain,  as  it  has  never  been  regularly 
entered  externally  by  drifts.  In  the  several  shafts  sunk  upon  the  outcrop  it  nowhere  exhibited 
more  than  4  feet  of  coal.  The  dip  of  this  bed  is  assumed  to  be  48°  S.  Its  irregularities  and 
peculiar  fracture  are  due  to  its  being  inverted  and  greatly  squeezed  by  a  synclinal  fold  between 
it  and  the  Twelve-feet  Seam,  of  which  it  is  the  counterpart. 

No.  9=6.  Brown's  Coal  has  a  total  thickness  of  10  feet.  It  is  distant  horizontally  from  the 
Pencil  bed  111  feet,  and  is  divided  from  it  by  about  82  feet  of  rock.  This  vein  was  originally  opened 
on  the  E.  side  of  the  ravine.  Upon  the  bottom-slate  it  there  showed  about  1  foot  of  coal-dirt, 
and  above  this  5\  feet  of  soft  and  somewhat  crushed  coal  unfit  for  the  market ;  next,  6  inches  of 
slate,  then  1  foot  of  coal,  again  6  or  8  inches  of  slate,  and  upon  the  top  of  this  2  feet  of  bony 
coal.  In  pursuing  this  vein  a  short  distance,  the  coal  became  much  crushed,  and  therefore  very 
inferior.  This  crushed  condition  of  the  coal  is  accompanied  by  a  want  of  parallelism  of  the  top 
and  bottom  slates.  The  average  dip  of  the  bed  seems  to  be  about  50°  S.,  but  it  is  very  irregular, 
the  strata  in  this  vicinity  being  all  inverted,  and  forming  the  S.  side  of  an  oblique  or  folded 
synclinal  trough. 

The  Proved  Coal,  not  enumerated  among  the  coals  cut  in  the  tunnel,  perhaps  from  being  too 
thin  to  mine,  outcrops  127  feet  to  the  S.  of  the  last,  with  109  feet  of  interposed  strata.  It  is 
probably  not  thick.  It  is  not  exposed  in  the  cutting  at  the  railroad,  but,  unless  some  error 
occurred  in  tracing  it,  the  outcrop  was  opened  on  both  sides  of  the  ravine  ;  and  according  to 
the  superintendent,  it  there  displayed  about  1 5  feet  of  coal ;  but  as  the  bed  could  only  be 
regularly  mined  by  entering  it  by  a  cut  of  considerable  length  through  hard  sandstone,  it  was 
not  further  developed.  The  dip  of  this  bed  appeared  to  be  a  little  N.  of  the  perpendicular — that 
is  to  say,  less  overtilted  than  the  last  described. 

No.  10=5.  The  Vertical  Coal,  so  called,  has  in  reality  a  dip  of  about  60"  N.  Its  distance 
from  the  Proved  Coal  is  87  feet,  and  the  space  of  rock  between  them  80  feet.  Although,  like  all 
the  beds  in  this  portion  of  the  section,  somewhat  variable  in  its  dimensions,  its  average  thickness 
is  about  15^  feet.  The  estimated  thickness  of  its  good  coal  in  the  tunnel  is  8  feet.  Upon  the 
bottom-slate  lie  about  2  feet  of  coal-dirt  and  of  soft  crumbly  coal,  succeeded  by  8  feet  and  2 
inches  of  good  coal,  containing  tv^^o  thin  seams  of  slate.    This  8-feet  bench  of  coal  alone  is  fit  for 
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market,  for  the  remaining  upper  5  feet  of  matter  is  composed  of  alternating  layers  of  slate,  bony- 
coal,  and  soft  crumbly  coal.  In  some  spots  the  bed  was  26  feet  thick,  but  the  coal  in  these 
slipped  places  was  unfit  for  general  use.  This  description  relates  to  the  E.  side  of  the  tunnel ; 
on  the  W.  side  it  is  in  too  crushed  a  state  to  repay  the  cost  of  mining. 

No.  13=3.  The  Fifty-feet  Coal,  so  termed,  rises  to  the  day  in  a  saddle  or  anticlinal  axis,  and 
is  well  exposed  on  the  E.  side  of  the  ravine.  (See  Plate  for  a  picture  of  this  curious  arch  of  coal.) 
The  horizontal  distance  of  the  axis,  or  more  properly  of  the  top  of  the  North-dipping  leg,  is  236 
feet  S.  of  the  Vertical  Coal,  and  the  distance  perpendicular  to  the  dip  is  205  feet.  On  the 
N.  side  of  the  axis  the  average  dip  is  60°,  on  the  S.  side  it  is  45°,  but  the  N.  leg  changes  its  rate 
of  dip  from  60°  to  45°  as  it  ranges  Eastward  in  the  mine.  Both  legs  of  the  arch  have  been  mined 
on  the  E.  side  of  the  railroad,  but  only  the  N.  one  successfully.  The  bed  is  penetrated  from  the 
ravine  by  three  drifts  at  the  water-level,  where  the  rapid  slope  of  the  gorge  has  made  an  inclined 
plane  necessary  upon  the  railroad.  One  of  these  di-ifts  is  on  the  N.  leg,  one  on  the  axis,  and  one 
on  the  S.  leg.  The  axis,  as  might  be  naturally  anticipated,  rises  Eastward,  or  towards  the  com- 
pressed and  shallow  end  of  the  coal-basin.  Therefore,  in  pursuing  the  coal  in  that  direction,  the 
levels  or  drifts  gradually  recede,  the  span  of  the  arch  widening,  of  course,  as  it  rises  above  its 
previous  level.  To  get  access  to  the  S.  leg  from  the  gangway,  which  is  upon  the  N.  one,  two  tunnels 
have  been  driven  across  from  the  one  to  the  other.  These  tunnels  are  about  250  yards  asunder ; 
that  nearest  the  mouth  of  the  mine  hes  altogether  in  the  coal,  though  its  length  is  between  60 
and  70  feet. 

This  is  because  it  cuts  across  the  flattened  top  of  the  anticlinal  or  arch,  where  the  whole 
breadth  of  coal  in  it  has  risen  to  the  level  of  the  drift.  The  other  more  Eastern  tunnel,  lying 
upon  very  nearly  the  same  level,  intersects  167  feet  of  sandstone  between  the  two  legs  of  the 
arch,  showing  conclusively  that  its  axis  ascends  in  that  direction.  This  is  confirmed  by  the  fact 
that,  on  the  W.  side  of  the  ravine  of  Rhume  Run,  the  axis  or  summit  of  the  bed  is  much  lower 
than  on  the  E.  so  that  it  soon  gets  out  of  reach  in  that  direction  by  passing  below  the  water- 
level.  Here  the  anticlinal  axis  is  double,  the  slight  depression  in  its  centre,  seen,  on  the  E.  side, 
being  here  much  deeper,  passing  into  a  steep  synclinal  roll,  with  much  confusion  and  crushing  of 
the  inclined  coal  and  roof.  This  very  interesting  bed,  the  identity  of  which  with  the  Main 
Lower  Coal,  already  described,  cannot  be  doubted,  has  about  the  average  dimensions  of  that 
seam,  although  the  two  legs  of  the  anticlinal  arch  difier  considerably  in  their  thicknesses.  The 
N.  leg  measures  about  22  feet,  and  the  S.  one  as  much  as  29  or  30  feet.  The  probable  cause  of 
this  inequality  is  that  the  South-dipping  part  of  the  bed  has  slipped  or  yielded  in  the  plane  of 
the  stratum,  and  the  coal  has  thereby  become  crushed  and  broken  so  as  to  loosen  the  whole  mass, 
and  leave  it  in  a  more  bulky  state. 

This  coal  in  the  tunnel  and  S.  leg  is  crushed,  but  that  in  the  N.  leg  is  very  good.  In  the 
N.  leg  the  bed  consists  of  9  feet  of  good  coal,  overlaid  by  5^  feet  of  inferior  dirty  coal,  and  this 
by  4  feet  of  good  coal  again,  the  rest  of  the  mass  being  slaty.  This  is  equivalent  to  13  feet  of 
good  coal. 

In  the  tunnel  the  order  of  things  is  this  :  The  coal  rests  upon  a  stratum  of  sandstone,  and 
consists  of  6  inches  of  crushed  coal,  then  3|^  feet  of  rather  bony  coal,  next  2  feet  of  slate,  upon 
this  1^  feet  of  inferior  coal,  and  above  this  nearly  8  feet  of  good  coal,  with  a  little  slate.  Com- 
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paring  the  quantity  of  pure  coal  here  given  with  that  in  the  Main  Lower  Coal,  we  perceive  that 
the  aggregate  is  nearly  the  same.  The  introduction  or  disappearance  of  a  little  slaty  matter 
may  cause  all  the  want  of  agreement  witnessed  between  the  two  outcrops  in  the  order  of  the 
benches  of  pure  coal  and  slate. 

Fio;ure  141  is  a  diagram  of  the  bed  where  the  shorter  tunnel  intersects  it. 

No.  IQ  of  Tunnel. — The  Second  Southern  Coal,  or  first  thick  one  S.  of  the  axis,  is  distant 
from  it  horizontally  562  feet,  and  separated  from  this  great 
anticlinal  bed  by  about  322  feet  of  strata.  Its  thickness  is 
about  15  feet,  ao-reeino-  with  that  of  the  Vertical  Coal,  of  w^hich 
it  is  probably  the  South-dipping  portion,  the  discrepancy  in 
the  distances  from  the  axis  arising  perhaps  from  the  squeezed    fig.  i4i.— saddle  of  the  Big  coai  of  Rhume 

.  pmi  i-N-"--!        n     ^  •  T      ^  Run  at  the  Short  Tunnel. 

condition  of  all  the  rocks  on  the  IN.  side  oi  the  anticlinal. 

This  bed  yields  about  1 0  feet  of  good  coal  in  two  benches,  the  lower  one  6  feet  thick,  and  the 
upper  one  4  feet.  The  roof-slate  is  insecure.  The  dip  of  the  bed  is  from  25°  to  30°  S.  In 
Tunnel  No.  2  it  is  evidently  squeezed. 

No.  17  of  Tunnel. — The  Third  Southern  Coal  has  its  outcrop  147  feet  S.  of  the  last  named, 
and  is  divided  from  it  by  about  73  feet  of  underlying  strata.  At  its  outcrop  it  appeared  to  be 
about  10  feet  thick,  but  no  good  coal  was  procured  from  the  short  drifts  by  which  it  was  pene- 
trated. In  Tunnel  No.  1,  however,  its  average  thickness  is  13  feet,  but  the  quantity  of  market- 
able coal  in  it  is  doubtful.  There  can  hardly  be  a  doubt  that  this  and  Brown's  Coal  are  the 
opposite  anticlinal  portions  of  one  bed.  Its  distance  across  the  dip  from  the  First  Southern 
Coal  coincides  very  nearly  with  that  of  the  Proved  Coal  above  the  Vertical  Coal,  and  it  is 
possible  that  it  may  be  the  other  leg  of  that  seam.    Its  dip  is  from  22°  to  30°  S. 

No.  18  of  Tunnel — Fourth  Southern  Coal. — Another  coal  occurs,  S.  of  that  last  described, 
in  the  tunnel,  where  it  has  not  yet  been  mined,  but  seems  to  measure  in  horizontal  thickness 
14  feet. 

No.  19  of  Tunnel — Ffth  Southeim  Coal. — In  1853  the  tunnel  terminated  in  a  coal-seam 
11  feet  thick. 

In  the  foregoing  description  of  the  coal-beds,  it  has  been  shown  that  the  anticlinal  axis  seen 
in  the  saddle  of  the  so-caUed  Fifty-feet  Coal  rises  going  Eastward.  When  we  pursue  this 
anticlinal  in  the  opposite  direction,  we  therefore  observe  that  it  no  longer  lifts  to  the  surface  the 
same  great  lower  bed  (No.  3)  ;  and  about  three-fourths  of  a  mile  from  the  mines  the  next  higher 
coals  (the  "  Vertical ")  and  the  First  Southern  beds  unite  over  the  axis,  both  of  the  legs  of  which 
here  dip  at  angles  of  about  30°.  There  are  indications  also  that  the  next  superior  beds  saddle 
the  axis  a  little  further  to  the  Westward.  The  flattening-down  of  the  dips  on  each  side  of 
this  axis  shows  that  it  is  already  contracting  and  sinking.  We  shall  see  hereafter  that  its ' 
influence  in  the  Panther  Creek  Valley,  where  it  expires,  is  comparatively  unimportant  on  the 
larger  coals  above  the  water-level.  We  know  that  it  does  not  reach  the  Little  Schuylkill,  but 
dies  out  W.  of  Coaldale.  It  is,  in  fact,  one  of  those  many  folds  in  the  strata  so  common  towards 
the  terminations  of  the  large  synclinal  troughs  or  basins  which  present  a  steep  dip,  or,  in  other 
words,  a  close  compression  of  the  rocks  in  the  narrower  end  of  the  trough. 

From  the  Nesquehoning  Mines  there  were  sent  to  market  in  1856  about  64,291  tons  of  coal. 
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BASINS  OF  PANTHER  CREEK  VALLEY  OPPOSITE  SUMMIT  HILL,  OR  BASINS  A,  A  a,  AND  B. 

(See  Section  through  Summit  Hill.) 

After  what  has  been  already  detailed  of  the  position  and  ranges  of  the  two  antichnals  A  and  a, 
which  undulate  the  strata  in  the  upper  valley  of  Panther  Creek,  the  limits  of  the  three  several 
subordinate  troughs  A,  A  a,  and  £,  contained  within  the  wide  general  basin  N.  of  the  Summit 
Hill  axis,  will  be  readily  understood. 

Locust  Mountain  Basin  A. — This  synclinal,  composed  of  the  South-dipping  strata  of  the 
flank  of  the  Locust  Mountain,  and  the  North-dipping  ones  of  the  axis  A,  which  passes  near  the 
mouths  of  the  Tunnels  Nos.  6,  7,  and  8,  is,  as  the  Map  and  Sections  will  indicate,  very  narrow 
on  its  S.  side,  and  wide  on  its  N.,  from  the  great  difference  in  the  inclinations  and  heights  of 
the  outcrops  of  the  strata. 

From  the  Hell-Kitchen  Gap  at  Nesquehoning,  eastward,  this  basin  is,  as  already  seen,  the 
sole  synclinal  of  the  Coal-field,  for  by  the  disappearance  of  the  anticlinal  bounding  it  on  the  S. 
in  the  flank  and  crest  of  Sharp  Mountain,  it  comes  to  be  bounded  on  the  one  side  by  that  barrier 
of  the  whole  Coal-basin,  while  on  the  other  it  retains  as  its  limit  the  barrier  of  the  Locust  Moun- 
tain. The  belt  carries  its  trough-like  structure  to  the  vanishing  of  its  synclinal  W,  of  Coaldale. 
The  synclinal  axis  coincides  nearly  with  the  abrupt  tm-n  which  Hell-Kitchen  Creek  makes  North- 
wards toward  its  notch  in  Locust  Mountain.  It  is  seen  again  in  the  long  Nesquehoning  Tunnel, 
and  it  coincides  very  nearly  with  the  bed  of  the  Middle  Western  Brook  of  Ehume  Run  or  Nesque- 
honing Creek.  Passing  over  the  table-land  of  the  watershed  into  Panther  Creek  Valley,  it 
ranges  alongthe  depression  in  which  flows  the  North  Branch  of  Panther  Creek,  and  crosses  very 
nearly  at  the  mouth  of  Tunnel  No.  6.  We  meet  it  next  within  Tunnel  No.  7,  a  few  hundred 
feet  from  its  mouth,  and  again  inside  of  Tunnel  No.  8,  about  twice  as  far  back  from  its  entrance. 

Within  half  a  mile  or  more  further  W.,  the  basin,  as  such,  ceases  by  the  cessation  of  the  bound- 
ing anticlinal,  its  N.  dip  flattening  down,  and  turning  into  the  prevailing  S.  dips  of  the  slope  and 
foot  of  Locust  Mountain. 

Externally,  that  part  of  this  basin  which  ranges  from  Tunnel  No.  6  to  Tunnel  No.  8  is 
indicated  by  the  middle  of  the  flat  terrace,  or  the  plateau  N.  of  the  inner  valley  of  Panther 
Creek ;  the  brow  or  edge  of  this  plateau  being,  as  previously  mentioned,  the  anticlinal  summit 
of  the  wave  a,  of  which  this  is  the  trough. 

As  in  the  instance  of  the  corresponding  wide  synclinal  belt  B  of  the  opposite  or  S.  side  of 
the  Panther  Creek  Valley,  there  belongs  to  this  trough  a  high  mountain-breast  of  coal,  and  a 
low  one  ascending  only  to  the  summit  of  its  neighbouring  anticlinal  ;  but  in  both  instances 
these  taller  sheets  of  coal,  so  readily  accessible  from  below  by  tunnels,  offer  very  superb  fields  of 
the  thick  seam  for  mining. 

Basin  A  a  {Basin  of  the  Bed  of  Panther  Creek). — The  central  synclinal  trough  is  occupied 
for  the  chief  part  of  its  length  from  the  watershed  of  Nesquehoning  and  Panther  Creek,  west- 
ward, by  the  immediate  valley  of  the  latter  stream.  It  is  the  narrowest  of  the  three  subordinate 
ones,  being  not  much  more  than  1000  or  1200  feet  in  breadth.  It  evidently  embraces  the  high- 
est coals  within  the  Coal-field — those,  namely,  of  the  lower  Red-Ash  group.  The  dips  on  the  S. 
side  of  this  trough  are  very  steep,  from  the  acute  anticlinal  flexure  a  south  of  it.  Those  of  its  N. 
side  are  more  moderate,  or  about  45°,  as  the  Section  will  make  apparent. 
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Basin  B. — The  Southern  one,  B,  is  well  defined  by  its  topography,  being  bounded  on  the  S. 
by  the  N.  flank  of  the  Summit  Hill  and  the  Sharp  Mountain,  where  these  become  one,  and  on  the 
N.  by  axis  a,  the  S.  of  the  two  saddles,  or  that  S.  of  Panther  Creek.  The  central  line  of  this  trough 
is,  for  the  chief  part  of  its  length,  either  a  well-marked  depression  in  the  plateau  S.  of  Panther 
Creek,  or  a  flat  portion  of  it,  from  Plane  2  eastward  to  beyond  the  old  letting-down  plane. 

It  is  into  this  basin,  the  widest  of  the  three  subordinate  ones,  that  the  new  Tunnel,  No.  9,  is 
now  being  driven,  with  a  view  to  tap  the  great  Coal-bed  of  the  Summit  Hill,  descending  into  it 
with  a  N.  dip. 

Almost  precisely  at  the  synclinal  axis,  the  roof  of  this  tunnel  fell  in  where  the  soil  was  more  than 
50  feet  above  it.  Though  the  summit  of  the  narrow  anticlinal  ridge  intersected  by  the  tunnel  has 
an  elevation  of  80  or  90  feet  above  Panther  Creek,  and  exposes  the  solid  strata,  the  material  from 
the  roof  of  the  tunnel  to  the  surface  in  the  synclinal  proved  to  be  wholly  soft  clay  and  included 
fragmentary  drift.  From  this  axis  of  the  basin  to  the  assumed  point  of  intersection  of  the  large 
Coal-bed,  at  the  tunnel  level,  the  distance  is  estimated  to  be  some  1500  feet,  the  place  of  the 
synclinal  axis  being  600  feet  S.  of  the  tunnel's  mouth.  The  Coal-beds  cut  in  this  tunnel  at  the 
synclinal  axis  are  the  small  Eed-Ash  seams  of  the  immediate  basin  of  Panther  Creek,  or  those 
which  pass  S.  of  the  mouth  of  Tunnel  No.  8  ;  but  what  their  precise  equivalents  may  be,  we  have 
no  means  of  determining.    The  dips  on  both  sides  of  this  basin  are  very  steep. 

Basin  B  C,  or  Basin  of  the  Lehigh  Summit  Mines. — This  basin,  enclosed  between  the  Sharp 
Mountain  and  the  axis  B,  or  anticlinal  of  the  Summit  Mines,  presents  the  extreme  E.  point  of  its 
Coal-measures  at  the  Breaker  east  of  the  East  Summit  Mine,  or  nearly  opposite  the  notch  in  the 
Sharp  Mountain.  Its  conglomerate-bordeii  ends  in  Mount  Jefferson.  It  gradually  widens  and 
deepens  W.  Its  central  line  ranges  along  the  hollow  between  the  Sharp  Mountain  and  the  Slope 
Mine  No.  2,  beyond  which  point  we  cannot  trace  it  with  precision,  though  it  undoubtedly  extends 
to  the  Little  Schuylkill  at  Tamaqua.  Viewing  the  most  N.  of  the  Tamaqua  anticlinals  as  that  of 
Summit  HiU  prolonged,  it  is  apparent  that  on  the  Little  Schuylkill  there  are  three  saddles  embraced 
within  the  general  synclinal  belt  or  coal-field.  The  most  S.  of  these,  the  Mine  Hill  axis,  may  extend 
E,  in  this  basin  to  the  Sharp  Mountain,  but  the  obscure  condition  of  the  surface  S.  of  Panther  Creek 
does  not  allow  us  positively  to  assert  this.  There  is  a  hitch  in  the  crest  of  the  Sharp  Mountain 
about  one  mile  E.  of  the  Summit  Village,  which  I  am  strongly  inclined  to  regard  as  the  running - 
out  of  the  Mine  Hill  anticlinal.  If  so,  the  true  Summit  Hill  trough  will  be  that  of  the  immediate 
valley  of  Panther  Creek,  opposite  the  Greenwood  Breaker,  and  thence  W. ;  and  the  S.  synclinal  of 
Tamaqua,  at  the  N.  foot  of  Sharp  Mountain,  will  be  an  independent  basin  to  the  S.  of  this  one. 

As  it  is  impossible,  in  the  present  imperfectly-developed  state  of  the  coal-field,  to  pronounce 
positively  which  of  the  two  anticlinals  N.  of  the  town  of  Tamaqua  is  the  main  Summit  Hill  axis, 
it  is  equally  impossible  to  determine  to  which  of  the  main  basins,  whether  that  of  the  Coaldale 
Valley  or  that  of  Summit  Hill,  the  narrow  enclosed  trough  contained  between  these  two  axes 
belongs,  or  rather  into  which  of  them  it  ranges. 

Summit  Mines  of  the  Lehigh  Company,  Basin  B  C. — Advancing  W  and  S.  along  the  coal- 
field, the  next  locality  at  which  the  strata  are  sufiiciently  uncovered  to  render  a  detailed  descrip- 
tion of  them  instructive,  is  that  of  the  great  open  quarry  of  coal  called  the  Summit  Mine  of  the 
Lehigh  Company.  The  general  continuity  and  range  of  the  coal  strata  from  the  extreme  E.  end 
of  the  basin  near  Mauch  Chunk  to  this  spot  has  been  satisfactorily  proved  by  the  discovery  at 
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many  intermediate  places  of  ample  masses  of  coal,  but  the  extremely  accessible  position  of 
the  coal  at  Nesquehoning,  Panther  Creek,  and  the  Summit  Mines,  has  hitherto  prevented  the 
Lehigh  Company  from  opening  up  any  other  portions  of  their  vast  coal  estate. 

The  Summit  Mines  are  situated  about  8^  miles  W.  of  the  Lehigh  Eiver  at  Mauch  Chunk, 
about  4-g  miles  from  the  Nesquehoning  Mines,  and  not  quite  6  miles  E.  from  the  Little  Schuyl- 
kill at  Tamaqua.  Their  position  is  on  the  S.  margin  of  tlie  coal-field,  on  an  elevated  table-land 
or  shoulder  of  the  Sharp  Mountain,  the  adjacent  narrow  crest  of  which,  as  marked  by  the  rugged 
outcrop  of  the  conglomerate,  rises  but  one  or  two  hundred  feet  above  the  general  level  of  the  old 
open  mine  or  quarry.  From  the  margin  of  the  open  mine  to  the  level  of  the  Lehigh  at  Mauch 
Chunk  the  descent  is  936  feet.  Notwithstanding  this  difierence  of  level,  a  railroad  has  long  been 
in  successful  operation,  conveying  the  coal  from  the  mines  to  the  Lehigh  navigation,  the  moiive 
power  being  the  gravity  of  the  loaded  cars.  Formerly  the  reascent  to  the  mines  was  accomplished 
by  mules,  who  descended  in  their  own  trains  to  Mauch  Chunk  to  be  ready  to  pull  back  the  empty 
cars.  This  well-constructed  road  is  interesting  in  the  history  of  the  internal  improvements  of 
the  United  States,  as  being  the  second  railroad  of  any  description  built  in  the  country,  the  first 
being  the  short  road  from  the  granite  quarries  of  Quincy  to  the  water-side. 

There  is  a  table-land  or  wide  elevated  flat  at  the  mines,  about  half  a  mile  broad,  measured 
from  the  base  of  the  crest  of  the  Sharp  Mountain.  From  its  N.  brow  the  ground  descends  in  a 
long  and  steep  mountain-slope  to  Panther  Creek,  which  occupies  the  position  of  the  general 
synclinal  axis  of  the  basin.  This  flat,  united  to  the  Sharp  Mountain  on  the  S.  and  E.,  as  indicated 
upon  the  Geological  Map,  is  separated  from  the  Sharp  Mountain  on  the  W.  by  a  dell  or  depression, 
drained  by  a  little  tributary  of  Panther  Creek,  called  Coal  Mine  Eun.  This  jutting  forward  of 
the  shoulder  of  the  mountain  towards  the  W.  arises  simply  from  the  presence  of  the  anticlinal 
axis  B,  which,  starting  from  the  Sharp  Mountain,  or  rather  from  its  S.  flank,  recedes  from  the 
mountain  as  it  extends  W.,  and  holds  up  the  Coal-measures  over  the  brea'dth  of  the  flat.  The  W. 
spur-like  termination  of  the  flat  is  caused  by  the  W.  declension  of  the  anticlinal  axis.  WTiether 
this  anticlinal  extends  to  the  Little  Schuylkill  is,  as  we  have  already  said,  somewhat  uncertain. 

The  position  of  the  coal  and  general  structure  of  the  basin  at  the  Summit  Mine  is  shown  in 
the  general  transverse  section  of  the  coal-field  (see  Plate  VL),  upon  inspecting  which,  it  will  appear 
that  the  strata  forming  the  flat  undulate  in  one  broad  wave,  with  several  lesser  sharp  folds  in 
the  S.  side  of  the  basin,  due  to  compression  from  the  steep  uplifting  of  the  conglomerate  of 
the  Sharp  Mountain.  The  N.  flank  of  the  wave  pitches  steeply  into  the  valley  of  Panther  Creek, 
while  the  strata  rise  at  the  base,  and  upon  the  S.  slope  of  the  Locust  Mountain.  L'pon  the 
summit  flat  these  undulations  expose  only  the  two  lowest  coal-beds,  all  the  rest  having  been 
swept  away  by  denuding  waters.  Of  these  lower  beds,  the  second  alone  is  important,  but 
its  dimensions  and  value  are  unsurpassed ;  it  is  that  which  is  so  extensively  laid  open  to  the 
day  in  the  Great  Summit  Mine.  The  other  bed,  only  3  feet  thick,  has  been  proved,  it  is  alleged, 
between  the  mine  and  the  conglomerate  of  the  Sharp  Mountain,  and  it  is  therefore  lower  in  the 
series  than  the  large  mass  of  the  open  mine,  and  is  probably  at  the  very  base  of  the  Coal-measures. 

Our  sketch  (see  Plate)  conveys  a  good  general  conception  of  the  position  and  extraordinary 
dimensions  of  the  main  bed  of  the  Summit  Hill.  The  picture  embraces  in  its  foreground  the 
N.  portion  of  the  great  open  coal  quarry,  the  beholder  looking  towards  the  W.  On  the  left  is 
the  narrow  crest  of  the  Sharp  Mountain,  in  the  middle  distance  lies  the  centre  of  the  coal-basin 
occupied  by  Panther  Creek,  in  the  background  range  the  valley  AV.  of  the  Little  Schuylkill  and 
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Locust  Mountain,  the  N.  boundary  of  the  coal-field.  The  great  coal-bed,  in  its  total  thickness, 
measures  about  55  feet,  and  a  large  portion  of  it,  certainly  more  than  30  feet,  is 
coal  of  superior  quality.  The  mass  is  composed  of  separate  beds  of  pure  coal  of 
various  thicknesses,  separated  by  included  layers  of  more  earthy  coal  and  bands 
of  slate.  Its  constituent  seams  of  pure  coal  and  of  slate  show  a  great  general 
persistency  throughout  the  mine  ;  and  this  fact,  in  connection  with  others  to  be 
presently  mentioned,  lends  a  high  degree  of  probability  to  the  opinion  already 
expressed,  that  the  unusual  thickness  of  the  bed  is  the  result  of  a  union  of  several 
of  the  large  beds  of  the  lower  part  of  the  series,  by  the  mere  thinning-away  of 
their  dividing  strata. 

This  open  part  of  the  great  mine  discloses  the  saddle  or  summit  of  the  broad 
anticlinal  axis  B.  Upon  the  very  summit  of  the  arch  the  coal  itself  comes  to  the 
soil  in  some  places,  and  it  was  here,  towards  the  E.  point  of  the  basin,  that  the 
excavation  first  began.  In  these  naked  spots  the  Anthracite  was  in  the  state  of 
a  fine  black  powder  or  sand  to  a  depth  of  even  2  or  3  feet,  and  under  it, 
for  several  feet,  the  coal  was  loose  and  fragmentary.  As  the  work  extended  N. 
and  S.  from  the  crown  of  the  arch,  the  overlying  sandstone  grew  progressively 
thicker,  until  it  amounted  upon  the  N.  slope  to  a  covering  of  more  than  30  or 
40  feet,  up  to  which  thickness  it  was  removed  and  the  coal  quarried  under  the 
open  day.  This  process  has  now  ceased,  as  the  mining  is  all  subterranean,  by  slopes 

The  floor  upon  which  this  enormous  bed  of  coal  rests,  is  the  compact  sandy  fire-clay  or  shale 
so  usually  met  with  in  this  position.  The  cover,  as  in  very  many  instances  in  the  anthracite 
Coal-measures,  is  a  somewhat  firm,  yellowish,  and  green  sandstone,  and  not  the  laminated  black 
slate,  which  in  other  fields  forms  the  more  usual  roof  stratum  of  the  coal-seams.  Here  the  sand- 
stone lies  in  intimate  contact  with  the  coal,  not  the  thinnest  seam  of  slate  or  argillaceous  matter 
being  interposed,  and  the  granules  of  sand  at  the  lower  surface  of  the  rock  have  even  numerous 
specks  of  the  anthracite  mingled  among  them. 

This  great  excavation  of  coal,  only  one  portion  of  which  is  included  in  the  picture,  as  it 
showed  itself  in  1841,  then  occupied  an  open  area  of  probably  45  acres,  but  the  uncovering  con- 
tinued until  the  quarry  engrossed  more  than  50  acres.  The  waste  coal  and  rubbish  were  con- 
veyed Northward  out  of  the  quarry  by  short  railroads  to  the  brow  of  the  hill,  overlooking  the 
Panther  Creek  Valley,  and  there  piled  until  some  truly  enormous  hills  of  it  were  accumulated. 
But  it  was  found  necessary  at  last  to  deposit  the  rejected  matter  within  the  area  from  whence 
the  coal  had  been  quarried  out,  which  caused  this  to  lose  its  once  very  striking  and  picturesque 
features.  Many  portions  of  its  almost  perpendicular  walls  are  still  standing,  however,  showing 
black  clifi's  of  solid  coal  for  a  height  of  more  than  50  feet,  overtopped  by  a  waU  of  yellow  sand- 
stone of  a  nearly  equal  additional  height. 

To  the  E.  of  the  principal  quarry,  and  rather  nearer  to  the  crest  of  the  Sharp  Mountain,  lies  the 
smaller  mine,  where  also  several  acres  of  the  great  coal-bed  were  uncovered.  This  is  situated  upon 
the  Southern  margin  of  the  basin,  near  its  Eastern  end,  at  what  is  apparently  a  subordinate  anti- 
cKnal,  the  arch  of  which  is  however  more  crushed  than  that  of  the  gently-curved  axis  of  the 
Summit  Mine.  Between  these  two  anticlinals  the  coal  is  nowhere  very  deep  below  the  surface. 
Our  sketch  of  the  East  Mine,  so  called,  shows  it  at  a  time  when  it  was  not  wrought,  and  was  half 
VOL.  II.  / 


Fig.  142.— Subdivi- 
sion of  the  great 
coal-bed  of  Sum- 
mit Mines. 


and  tunnels. 
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filled  with  water;  the  other  sketch  displays  its  condition  in  1853,  after  the  mining  had  been 
resumed.  As  the  coal  gradually  dips  Westward,  away  from  the  level  of  the  plateau,  with  the 
declension  of  the  anticlinal  arch  and  the  surface  of  the  ground  in  that  direction,  and  as  it  laps 
regularly  round  the  end  of  the  broad  spur  in  which  the  table-land  terminates,  sinking  in  level 
towards  the  bed  of  the  valley  both  N.  and  W.,  there  will  be,  as  the  mining  advances,  a  continually- 
increasing  lift  to  overcome,  before  regaining  the  summit  of  the  present  railroad  at  Summit  Hill, 
E.  of  the  mines.  So  also  as  the  mining  advances  Westward,  down  Panther  Creek  Valley,  it  will 
be  necessary,  ultimately,  either  to  send  all  the  coal  to  market  by  its  more  natural  outlet,  through 
the  valley  of  the  Little  Schuylkill,  or  to  surmount  the  ascent  to  the  present  summit  by  locomo- 
tive power  in  addition  to  the  present  stationary  power  and  inclined  planes,  or  else  by  both 
means  convey  it  to  the  Lehigh,  by  the  gorge  of  the  Nesquehoning,  and  thence  over  the  present 
railroad  from  the  Ehume  Eun  mines. 

An  unexaggerated  estimate  of  the  average  worldng  thickness  of  the  coal  in  the  coal-field, 
between  Nesquehoning  and  the  Little  Schuylkill,  deduced  from  the  actual  experience  of  the  mines, 
makes  the  total  to  be  about  40  feet.  At  this  rate  every  available  acre  contains  not  less  than 
65,000  tons  of  coal. 

It  will  be  seen,  as  we  proceed  in  the  detailed  description  of  the  Coal-measures  of  the  several 
districts  of  the  basin,  that  there  everywhere  prevails,  low  in  the  series,  or  within  a  few  hundred 
feet  of  the  main  bed  of  conglomerate,  one  or  more  very  large  beds  of  White-Ash  coal ;  and  a 
comparison  of  the  data  connected  with  these  remarkable  outcrops  shows  that,  though  they  do  not 
all  appertain  to  one  continuous  stratum,  they  are  all  approximately  on  two  or  three  contiguous 
horizons,  sometimes  one,  sometimes  another,  expanding  to  unusual  size,  often  by  admission  of 
adjoining  smaller  beds. 

The  only  question  open  to  discussion  is,  whether,  in  an  instance  like  that  of  the  huge  mass  of 
the  Summit  Hill  mines  and  Panther  Creek  tunnels,  where  the  bed  possesses  very  unusual  thick- 
ness, the  expansion  of  its  size  is  caused  by  the  merging  into  the  principal  bed  of  other  adjoining 
coal-seams  through  the  thinning-away  of  the  dividing  strata,  or  is  merely  a  local  enlargement  of 
the  one  coal-bed  between  the  same  roof  and  floor,  arising  from  more  active  deposition  at  this 
spot  of  the  vegetable  materials  which  formed  it.  If  we  were  in  possession  of  any  complete 
sections  of  the  lower  Coal-measures,  such  as  those  of  the  Nesquehoning  and  Tamaqua  coals,  illus- 
trative of  the  condition  of  things  nearer  to  the  Summit  Mine  than  these  localities,  we  might,  from 
such  data,  possibly  determine  the  running  together  or  not  of  some  of  those  beds  to  form  this  great 
deposit ;  but  no  intermediate  points  have  been  developed,  and  the  distance  of  the  two  localities 
named,  one  4^  miles  and  the  other  5  miles,  is  too  considerable  to  permit  us  to  institute  any  close 
comparison  between  the  individual  beds  at  either  of  them,  and  that  of  the  Summit.  To  explain 
the  unusual  thickness  of  the  great  bed  by  the  coalescing  of  several  large  seams  of  the  Nesquehon- 
ing group,  we  must  assume,  if  we  take  the  "  main  lower  coal"  and  the  two  next  which  overHe  it,  as 
those  which  have  here  come  together,  that  there  has  occurred  a  total  exhaustion  of  about  134  feet 
of  included  rock ;  or,  if  we  suppose  only  this  "  main  lower  coal,"  and  the  double  or  "  Eowland  s  coal," 
to  have  united,  we  have  still  to  conceive  of  the  thinning-out  of  at  least  77  feet  of  sandstone,  in  a 
range  of  only  4^  miles.  A  like  difiiculty  besets  us  when  we  consider  the  thick  plates  of  sand- 
stone and  slate  which  we  must  assume  as  having  disappeared  between  the  Little  Schuylkill  and 
the  Summit,  if  we  would  derive  the  great  bed  from  the  coming  together  of  any  two  or  more  of 
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the  principal  lower  seams  of  that  locality.  Nevertheless,  so  much  more  uniform  are  the  coal-beds 
generally  than  the  mechanically-derived  sandstones, — so  much  more  easy  is  it,  when  we  advert  to 
the  respective  circumstances  under  which  these  two  classes  of  deposition  originated,  to  ascribe  a 
rapid  variation  of  thickness  to  the  wildly-strewn  strata  of  sand  and  pebbles  than  to  the  slowly 
and  gently  accumulated  layers  of  vegetation  of  the  ancient  carboniferous  marshes — that  I  strongly 
incline  to  that  view  which  assumes  the  apparent  alteration  of  thickness  to  be  due  to  the  thinning- 
out  of  the  arenaceous  rocks. 

The  total  product  of  the  Summit  Mines  of  the  Lehigh  Company,  for  1856,  is  stated  to  have 
been  284,711  tons,  and  for  the  past  year  (1857),  306,396  tons. 

Coals  of  Panther  Creeh  Basin  and  Saddles. — It  has  been  already  mentioned,  that  the  Coal- 
measures  of  the  Panther  Creek  Valley  include,  in  the  vicinity  of  Tunnel  No.  8,  coals  as  high  in 
the  series  as  the  first  or  lowest  five  or  six  beds  of  the  Red-Ash  group.  It  is  obvious  that  these 
basin  out  in  succession  along  each  trough  in  advancing  Eastward,  the  uppermost  first.  And  it 
is  equally  plain,  from  the  structure  of  the  district, — the  disposition  in  echelon  of  the  several  basins, 
each  more  Southern  trough  and  saddle  originating  further  W.  in  Sharp  Mountain, — that  the  same 
coals  terminate  always  sooner  going  Eastward  in  the  more  Southern  belts  than  they  do  in  the 
more  Northern.  "WTiere  the  lowest  Red-Ash  coal  finds  its  E.  limit  in  the  first  of  these  basins,  B, 
at  the  foot  of  Summit  Hill,  is  not  precisely  known  ;  but  we  may  fairly  infer  it  to  be  far  E.  in 
the  hollow  of  the  S.  branch  of  Panther  Creek,  or  even  on  the  table-land  beyond  it.  We  know 
that  the  Nesquehoning  coal.  No.  3,  or  the  28-feet  bed,  is  elevated  to  above  the  high- water  level 
of  the  Nesquehoning  Creek,  in  the  2d  or  N.  anticlinal.  A,  and  that  even  there  the  height  of  the 
table-land  W.  of  this  arch  of  the  coal  is  sufficient  to  give  a  cover  to  the  first  of  the  Red- Ash  coals. 
On  this  anticlinal  A,  therefore,  the  Red-Ash  coals  extend  thus  far  at  the  least  to  the  E.  But 
on  the  other  shorter  and  more  subordinate  axis,  next  S.  of  it,  the  probability  is  small  that  they 
range  so  far,  or  that  they  pass  beyond  the  hollow  which  encloses  the  source  of  the  S.  branch  of  the 
Nesquehoning.  It  is  indeed  just  in  range  with  this  axis  that  we  have  on  the  edge  of  the  plateau, 
at  the  foot  of  Sharp  Mountain,  in  the  line  of  the  tunnel,  the  outcrop  of  the  large  Nesquehoning 
White-Ash  coal,  the  smaller  anticlinal  having  probably  ceased  somewhere  to  the  W.  of  this. 
Along  both  the  anticlinals  of  Panther  Creek  Valley,  in  its  enclosed  synclinal  trough  of  the 
immediate  valley  of  the  stream,  we  may  trace,  by  fair  inferential  evidence,  the  presence  of  the 
Red-Ash  coals,  which  are  thus  undulated  in  this  central  tract  of  the  general  basin,  in  'four 
alternate  N.  and  S.  dips. 

In  the  most  Northern  of  the  subordinate  troughs.  Basin  A,  or  that  intersected  by  the  tunnels 
No.  7  and  8,  the  higher  of  the  embraced  Red- Ash  coals  must  throw  themselves  out  Eastward — the 
highest  of  them  in  the  valley  of  the  N.  branch  of  Panther  Creek  ;  while  the  lower  rises  more  for- 
ward, no  doubt,  across  the  plateau  to  the  Nesquehoning  and  the  Hell-Kitchen  creeks,  and  preserve 
their  stations  within  the  central  belt  of  the  basin,  even  much  further  E.,  perhaps  to  within  a  mile 
of  the  meridian  of  the  Old  Mauch  Chunk  Tunnel,  near  to  which  the  Great  Summit  bed,  or  rather 
the  large  Nesquehoning  division  or  branch  of  it,  is  lifted  at  last  nearly  to  the  day  in  the  centre 
of  the  basin,  by  the  joint  agency  of  a  local  saddle  and  the  excavation  of  the  surface. 

Westward  from  Coaldale  it  is  not  needful  to  trace  the  course  of  the  several  coal-beds  in 
detail.  Those  recognised  on  the  Little  Schuylkill,  and  at  Greenwood  Tunnel,  are  indicated  on  the 
Map,  as  far  as  identified  by  the  working  of  the  mines,  or  traceable  by  the  natural  benches  and 
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other  features  which  mark  the  lines  of  outcrop.  To  the  Map  and  Sections  I  must  again 
refer  the  reader.  It  is  fit,  however,  to  define  in  this  place  the  ascertained  range  of  the  guiding  coal 
F,  of  the  Tamaqua  series,  as  this  has  been  already  quite  extensively  and  connectedly  mined,  both 
E.  and  W.  of  the  Little  Schuylkill,  and  the  more  especially  as  it  occupies  that  very  important 
horizon  in  the  Coal-measures  which  separates  the  White-Ash  from  the  Red-Ash  group  of  coals.  It 
is  fortunately  both  a  very  persistent  coal-bed  and  an  exceeding  pure  one,  and  is  moreover  of  the 
valuable  thickness  of  from  10  feet  to  12  or  14  feet — circumstances  which  have  led  to  its 
being  more  extensively  developed  by  mining  than  any  other  seam  in  this  portion  of  the  basin, 
if  w^e  except  perhaps  the  still  thicker  subjacent  bed  E. 

This  valuable  coal  is  wrought  at  Tamaqua  on  both  sides  of  the  river,  on  the  N.  side  of  the 
basin,  and  is  the  vein  called  0  of  the  S.  side.  It  is  likewise  intersected  in  the  Greenwood 
Tunnel,  1  mile  E.  of  Tamaqua,  and  its  identity  fully  established  by  tracing  and  by  its  relative 
position.  From  the  Greenwood  Tunnel  eastward  it  has  been  mined  above  the  w^ater-level  of  the 
tunnel,  a  distance  of  at  least  1^  miles,  and  is  well  defined  at  its  outcrop  by  the  bench  or  terrace 
which  follows  it,  and  by  the  series  of  air-holes  driven  through  it  to  the  surface.  At  Carter's  New 
Slope,  about  3000  feet  E.  of  Greenwood  Tunnel,  this  coal  is  opened  below  the  level  of  the  Green- 
wood Tunnel  gangway,  a  slope  depth  of  800  feet  or  500  feet  from  its  outcrop.  The  furthest  point 
to  which  it  has  been  mined  on  the  upper  level  is  a  mile  nearly  E.  of  this  new  slope,  bringing  it 
to  within  less  than  2  miles  of  tunnel  No.  8  of  Panther  Creek  Valley.  The  position  of  its  most 
Eastern  air-shaft,  at  the  date  of  observation,  November  1853,  is  given  on  the  Map.  The  day 
cannot  be  at  aU  remote  when  the  extension  of  the  gangw^ays  Westward  from  tunnel  No.  8  wiU 
enable  us  to  identify  this  coal  with  one  of  those  in  the  tunnel.  That  it  ^viU  prove  to  be  the 
main  Red-Ash  bed  of  that  and  the  neighbouring  tunnels  there  can  even  now  be  but  little  doubt. 

The  dips  in  this  coal  at  its  outcrop,  as  far  as  traced  Eastward  from  the  Little  Schuylkill,  are 
w^orthy  of  record,  as  displaying  the  more  than  usual  regularity  of  structure  which  belongs  to  the 
N.  side  of  the  basin  of  Panther  Creek.  At  Tamaqua  the  S.  dip  is  55°,  in  the  Greenwood  Tunnel 
it  is  60°,  and  at  Carter's  New  Slope  it  is  again  55°. 

This  coal  F  will,  in  a  future  page,  be  identified  at  various  successive  points  Westward  from 
Tamaqua,  as  far  at  least  as  Palmer's  Tunnel,  W.  of  Tuscarora. 

Basin  D,  or  Basin  of  Sharp  Mountain  and  Anticlinal  Axis  C. — ^It  has  been  already  stated, 
that  an  anticlinal  axis  passes  through  or  originates  in  the  Sharp  Mountain  E.  of  the  head  of  Dry 
Hollow,  and  that,  keeping  S.  of  the  Valley  of  Panther  Creek,  it  extends  towards  the  town  of 
Tamaqua,  and  it  was  intimated  that  this,  if  not  identical,  is  nearly  coincident  with  the  Mine 
Hill  flexure  which  passes  the  Little  Schuylkill  on  the  S.  edge  of  that  town.  Between  this  saddle 
and  the  crest  of  Sharp  Mountain  there  is  a  slender  basin  in  the  Coal-measures,  containing  no  coal 
S.  of  Dry  Hollow,  but  expanding  and  deepening  Westward  to  the  Little  Schuylkill,  where  it 
contains  a  full  suite  of  coals,  including  all  the  White-Ash  and  several  of  the  lower  Red-Ash  beds 
of  the  district.  Except  at  the  Little  Schuylkill,  the  coal-seams  of  this  sub-basin  have  not  been 
opened,  either  experimentally  or  by  systematic  mining,  and  we  shall  therefore  have  no  details  to 
submit  concerning  them  until  Ave  describe  the  Coal-measures  as  they  are  developed  on  the  Little 
Schuylkill.  Upon  general  considerations,  it  is  obvious  that  the  narrow^  Eastern  half  of  the  part 
of  this  belt,  E.  of  Tamaqua,  can  contain  none  of  the  Grey  or  Red  Ash  coals,  which  can  only  enter 
the  basin  as  we  approach  the  Little  Schuylkill.    It  must  be  somewhere  within  the  Eastern  half 
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of  this  trough,  probably  opposite  the  Western  half  of  the  Dry  Hollow  Eidge,  that  the  Big  coal  of  the 
Summit  Mines  subdivides,  to  form  a  part  of  the  White- Ash  group,  as  seen  at  the  Little  Schuyl- 
kill. Judging  from  the  condition  of  the  Coal-measures  on  the  Little  Schuylkill  between  Tama- 
qua  and  the  Sharp  Mountain,  this  basin  does  not  promise  a  large  product  of  sound  coal,  notwith- 
standing the  great  dimensions  at  the  surface,  of  its  lower  seams.  The  Sharp  Mountain  all  along 
this  portion  of  its  coui'se  has  its  strata  almost  on  end,  and  it  is  sufficiently  apparent,  that  not 
only  the  coals  between  its  conglomerates,  but  those  at  its  N.  base,  are  greatly  squeezed.  It  is  pro- 
bable, indeed,  that  those  near  the  synclinal  axis,  or  turn  of  the  basin,  are  even  overtilted.  What 
may  be  the  condition  of  the  Red- Ash  coals,  adjacent  to  the  saddle  C,  which  bounds  the  basin  on 
the  N.,  we  have  no  means  of  positively  judging  ;  but  we  are  entitled  to  infer,  that  all  the  Red- Ash 
measures  adjoining,  and  included  between  all  three  of  the  anticlinal  axes  of  the  centre  of  the  coal- 
field at  and  E.  of  Tamaqua,  and  probably  W.  of  it  for  some  distance,  are  in  too  disturbed  and 
crushed  a  condition  to  admit  of  being  profitably  mined,  at  least  at  the  present  day.  It  does  not 
follow,  however,  that  the  subjacent  or  White- Ash  thicker  beds,  enclosed  between  less  flexible 
strata,  are  as  sharply  undulated,  or  as  much  crushed  by  sliding  pressure. 

THE  COAL-MEASUEES,  UNDER  THE  SEVERAL  LOCAL  TYPES  THEY  PRESENT  BETWEEN  THE 

LEHIGH  AND  LITTLE  SCHUYLKILL. 

The  Coal-measures,  using  this  term  to  signify  all  the  strata  above  the  conglomerate,  or  that 
portion  of  the  coal-formation  which  is  productive  in  coal-seams  of  notable  dimensions,  display  some 
unusual  and  very  interesting  features  and  fluctuations  of  type,  as  we  follow  them  for  the  short  space 
of  13^  miles,  from  their  E.  termination  near  Mount  Pisgah  to  the  Little  Schuylkill  at  Tamaqua, 
Comparing  the  sections  supplied  by  the  Old  Mauch  Chunk  Tunnel  and  the  Nesquehoning 
Tunnels  at  the  E.  end,  with  those  of  the  Summit  Mines  and  Panther  Creek  tunnels,  in  the 
middle  part,  and  with  the  Tamaqua  Mines  at  the  W.  limit  of  the  district,*  we  are  forcibly 
struck  with  the  very  great  disparity  between  them. 

In  the  Mauch  Chunk  Tunnel,  or  most  E.  section,  there  would  seem  to  be  about  ten  or  twelve 
separate  beds  of  coal,  of  all  dimensions,  from  1  or  2  feet  of  thickness  to  1 7  or  1 8  feet.  And  all 
of  these,  as  far  as  we  can  ascertain,  are  White-Ash  coals.  So  likewise  in  the  Nesquehoning 
section  (see  Tunnel  No.  1.),  we  find  seven,  or  possibly  eight,  well-recognised  coals,  five  of  which  are 
of  thicknesses  between  12  and  17  feet,  while  the  two  smallest  are  3  and  4  feet  respectively,  and 
none  of  these  are  Red- Ash  coals. 

About  360  feet  W.  of  Tunnel  No.  8,  the  coal,  usually  55  feet  thick,  grows  thicker ;  and  at 
600  feet,  from  the  end  of  the  gangway  in  1852,  it  was  from  90  to  100  feet  thick  ;  but  this  is  mani- 
festly in  consequence  of  a  doubling  or  slipping  of  the  seam  upon  itself. 

At  the  Panther  Creek  Tunnels  and  the  Summit  Mines  the  coal  is  very  differently  distri- 
buted. The  five  or  six  upper  beds  of  Nesquehoning  are  here,  by  all  indications,  united  into  one 
great  stratum,  which  varies  from  45  to  55  feet  in  its  aggregate  thickness.  Thus  far  researches 
in  the  vicinity  of  the  Lehigh  Summit,  and  the  parts  of  the  Panther  Creek  Basin  opposite  to  it, 
have  shown  that  the  whole  of  the  White- Ash  series  is  represented  by  this  one  great  bed  alone, 
with  an  insignificant  coal-seam  at  a  short  distance  beneath  it.    In  the  ascending  order,  »the 

*  See  the  several  sections  and  vertical  columns  of  the  Coal-measures  at  these  localities. 
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coals  which  next  succeed  the  hirge  bed  are  two  thin  Grey-Ash  seams,  and  upon  these  repose 
five  or  six  Red- Ash  beds,  the  lowest  of  which,  containing  10  or  11  feet  of  coal,  is  extensively 
mined  in  some  of  the  Panther  Creek  Tunnels  as  a  genuine  Red-Ash  coal. 

Here,  then,  occurs  a  very  extraordinary  thinning-away  between  Nesquehoning  and  Panther 
Creeks,  of  all  the  rocks  of  the  former  locality,  interstratified  among  the  coals  of  the  chief  part  of 
the  thick  White- Ash  series.  Not  less  than  350  feet  of  thickness  of  strata  :  coarse  grits,  argil- 
laceous sandstones,  and  sandy  shales  and  slates,  have  thinned  down  and  disappeared  within 
a  space  scarcely  exceeding  3  miles.  These  rocks,  if  represented  at  all  at  the  Panther  Creek 
Tunnels  and  Summit  Mine,  are  only  to  be  traced  in  the  thin  partings  or  seams  of  slate  and  fire- 
clay, of  which  one  only  exceeds  2  feet  in  thickness,  which  separate  the  constituent  layers  of  coal 
of  the  large  mass.  I  think  it  every  way  probable,  that  the  Nesquehoning  coals,  which  thus  unite 
to  form  the  large  bed,  are  the  so-called  Twenty-eight-feet,  the  Five-feet,  the  Nineteen-feet,  the 
Thirty-nine-feet,  and  the  Twelve-feet  seams. 

Turning  now  to  the  Tamaqua  section,  we  behold  a  subdivision  of  at  least  the  White-Ash 
portion  of  the  Coal-measures,  altogether  dissimilar  from  either  that  of  the  Lehigh  Summit  Mines 
or  that  of  Nesquehoning.  Here  the  White- Ash  or  lower  group,  everywhere  the  most  variable 
division  of  the  Coal-measures,  is  now  subdivided  into  no  less  than  eight  or  nine  important  beds 
of  coal,  separated  by  thick  strata  of  alternating  sandstones,  conglomerates,  and  shales — the 
individual  spaces  between  the  coals,  filled  by  these  rocks,  being  from  50  to  200  feet  in  thickness. 
Assuming  the  lowest  of  the  Grey  or  Reddish  Ash  coals  to  be  persistent  throughout  the  district, 
as  the  facts  seem  to  warrant,  we  are  forced  to  regard  the  four  or  five  upper  thick  White-Ash 
beds  as  only  the  prolongations  of  the  subdivisions  of  the  great  bed  of  the  Summit  Mines, 
wedged  further  and  further  apart  in  their  progress  Westward  by  the  constantly-expanding  strata  of 
the  sandstones,  shales,  and  conglomerates.  I  am  disposed  to  view  the  Tamaqua  coals  B,  C,  D,  the 
D  cross-cut,  and  E,  as  all  five  of  them  united  at  the  Summit  Mines  in  the  one  great  55-feet-thick 
deposit.  This  hypothesis  supposes  that  the  bed  A  is  represented  at  the  summit  by  the  solitary 
thin  coal-seam  beneath  the  larger  mass,  while  the  two  still  inferior  ones  of  Tamaqua  have 
thinned  away  Eastward  altogether ;  and  it  assumes  the  main  conglomerate  mass  of  the  crests 
of  Sharp  and  Locust  Mountains,  opposite  the  Summit  Mines,  to  terminate  upwards  with  the 
Nut  conglomeratewhich,  at  Tamaqua,  underlies  the  coal  A  :  the  other  thinner  and  less  coarse 
pebbly  beds,  interposed  between  coals  A  and  B,  and  between  B  and  C,  having,  with  the  other 
separating  rocks,  all  dwindled  away  before  they  reach  the  Summit  Hill  and  upper  valley  of 
Panther  Creek. 

The  data  collected  do  not  permit  us  at  the  present  time  to  trace  the  Grey  and  Red  Ash 
coals  further  Eastward  in  the  basin  than  the  sources  of  Panther  Creek — the  shoaling  of  the 
basin  seeming  to  have  caused  their  denudation  at  the  Nesquehoning  Mines  and  everywhere 
beyond.  An  inspection  of  the  Tunnel  Sections  of  Panther  Creek  and  of  the  Tamaqua  Section  will 
display  the  same  number,  usually  two,  of  Grey-Ash  coals,  interposed  between  the  White-Ash 
group  and  the  genuine  Red- Ash  coals  ;  the  first  of  the  latter  class  being  very  generally,  even 
indeed  for  many  miles  W.  of  Tamaqua,  the  third  bed  above  the  highest  true  White-Ash  seam. 
The  number  of  the  proper  Red-Ash  coals  evidently  increases  towards  the  Little  Schuylkill,  with 
the  progressive  deepening  of  the  coal-field  going  W.  Thus,  we  count  about  six  such  beds,  from 
1  foot  to  7  feet  in  thickness,  in  the  Westernmost  Panther  Creek  Tunnel,  or  No.  8,  and  about  nine 
of  similar  various  dimensions  at  Tamaqua. 
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OF  THE  POSITIONS  IN  THE  GENEEAL  BASIN  OF  THE  SEVERAL  GEOUPS  AND  THE 
MOEE  IMPOETANT  INDIVIDUAL  COAL-BEDS. 

It  is  not  in  our  power,  in  tlie  present  undeveloped  condition  of  this  extensive  valley,  to  speak 
with  satisfactory  precision,  except  in  a  few  instances,  of  this  very  interesting  part  of  the  subject. 

Becinnino-  with  the  coals  lifted  to  the  surface  on  the  arch  of  the  Summit  Hill  anticlinal,  the 
great  summit  bed,  as  already  shown,  converging  its  outcrops  from  the  basin  of  the  old  mine 
on  the  one  side,  and  from  the  flank  of  Sharp  Mountain  and  N.  side  of  Summit  Hill  on  the 
other,  unites  near  the  head  of  Slope  Mine  No.  2,  on  the  anticlinal  axis.  This  axis  declining 
"Westward,  the  Red-Ash  vein  saddles  it  at  a  distance  of  a  few  hundred  yards,  at  a  point  where 
the  spur  is  rapidly  descending  opposite  the  village  of  Centreville,  or  about  1  mile  W.  of  Slope 
No.  2.  This  declension  of  the  anticlinal  Westward,  brings  the  Large  Summit  Coal  at  Tunnel 
No.  2,  in  the  Dry  Hollow  Eidge,  to  a  lower  level  than  its  place  at  the  slope  by  several  hundred 
feet. 

Dry  Hollow  Eidge,  having  the  axis  within  it,  receives,  between  this  anticlinal  bend  of  the 
large  coal  and  its  crest,  a  sufficient  thickness  of  Coal-measures — especially  W.  from  the  tunnel — 
to  include  several  of  the  Eed-Ash  coals.  And  thus,  notwithstanding  the  gradual  Westward 
descent  of  its  crest,  three  Eed-Ash  beds  have  been  opened  on  it  about  three-fourths  of  a  mile  from 
the  tunnel  in  that  direction.  Underneath  them  the  large  coal  is  no  doubt  far  below  the  water- 
level  of  the  valley.  From  the  data  embodied  in  the  Tamaqua  Section,  we  are  enabled  to 
approximate  to  the  depth  of  the  Great  Coal  seam  at  the  Little  Schuylkill  on  this  anticlinal,  or 
where  it  approaches  nearest  the  surface,  and  the  inference  is,  though  it  should  be  accepted  with 
some  latitude,  that  the  coal  comes  to  wdthin  perhaps  800  feet  of  the  soil.  The  coals,  which  there 
saddle  this  axis  above  the  water-level,  are  beds  which  belong  to  the  middle  division  of  the  Eed- 
Ash  group.  By  the  large  bed  w^e  here  mean,  of  course,  only  its  upper  member,  or  the  coal  E. 
of  Tamaqua. 

Coals  of  Summit  Hill  Basin,  B,  C- — Of  the  coal-seams  contained  within  the  basin  enclosed 
between  the  Sharp  Mountain  and  the  above-mentioned  anticHnal  B,  it  is  enough  to  state  that 
the  Great  Summit  bed  has  the  E.  end  of  its  own  basin  E.  of  the  New  Mine  at  the  breaker  ;  and 
that  W.  of  the  Meridian  of  slope  No.  2,  the  Eed-Ash  coals  appear  within  it  in  successive 
concentric  troughs,  all  deepening  towards  the  Little  Schuylkill,  until,  by  the  intrusion  of  the 
middle  Tamaqua  anticlinal,  the  centre  of  the  trough  is  re-elevated  to  some  unknown  extent. 
The  highest  coals  included  in  either  branch  of  this  basin  at  Tamaqua  are  seemingly  those 
about  the  fifth  or  sixth  in  order  above  the  upper  White-Ash  beds.  These  are,  however,  not 
mined  on  the  Little  Schuylkill,  partly  because  they  are  to  be  reached  only  below  the  water- 
level  of  the  valley,  and  partly  on  account  of  their  less  thickness  when  compared  with  the  White- 
Ash  coals.  They  are  probably  also  more  faulty,  from  being  more  involved  in  the  anticlinal 
and  synclinal  flexures. 

Arrangements  of  the  Lehigh  Company  for  Conveying  the  Coal  of  Panther  Creek  and  the 
Summit  Mines  to  Market. — The  Lehigh  Company  has  constructed  many  remarkable  works  for 
the  transportation  of  their  coal, — railroads,  inclined  planes,  tunnels,  locks,  &c.,  chiefly  planned 
and  built  by  their  very  able  engineer,  Mr  Douglas.  Their  system  of  conveying  the  coal  from  the 
Panther  Creek  and  Summit  Mines  to  the  Lehigh  Navigation  at  Mauch  Chunk  is  so  ingenious  and 
successful  as  to  merit  a  concise  description  here.    Locomotive  steam-power  is  entirely  dispensed 
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with,  and  recourse  is  had  to  inclined  planes  with,  stationary  power,  and  to  the  propelling  force 
of  gravity  upon  railway  tracks  of  a  requisite  gentle  slope.  Availing  themselves  of  the 
singularly  favourable  physical  features  of  the  district,  the  Lehigh  Company  and  their  engineer 
completed,  several  years  ago,  a  chain  of  gravity  tracks  and  inclined  planes,  extending  from 
Mauch  Chunk  to  the  Mines  and  back  again  to  the  Navigation  in  an  endless  circuit.  It  consists 
of  two  independently-planted,  single-trapk  railroads  ;  one  for  conveying  the  loaded  trains  from 
the  Mines  to  Mauch  Chunk,  the  other  the  empty  trains  back  from  Mauch  Chunk  to  the  ]\Iines. 
Their  routes,  though  somewhat  different,  intersect  each  other.  The  whole  system  will  be  readily 
understood  by  consulting  the  Map,  and  attending  to  the  following  description  of  the  circuit  which 
the  coal-cars,  loaded  and  empty,  are  made  daily  to  perform.  Let  us  begin  at  the  remotest  part 
of  the  line,  say  at  Tunnels  No.  6  or  No.  7  in  Panther  Creek  Valley.  The  coal-cars,  after  receiving 
their  freights  of  coal,  previously  picked  and  screened  near  the  mines,  convey  it,  by  force  of  gravity 
alone,  upon  a  gently-inclined  railway  track,  graded  with  an  inclination  of  not  less  than  40  feet 
to  the  mile,  along  the  immediate  valley  of  Panther  Creek  to  the  foot  of  Plane  No.  2.  Here  they 
are  coupled  into  sets  of  three,  and  hoisted  rapidly  by  ample  stationary  power  to  the  summit  of 
the  plane.  This  plane  has  a  length  of  2030  feet,  and  a  vertical  lift  of  250  feet.  Collected  at 
the  summit  of  No.  2,  they  are  allowed  to  run  by  gravity,  under  proper  checks,  E.  to  the  foot 
of  Plane  No.  1,  losing  a  little  of  the  elevation  they  had  gained.  At  No.  1,  they  receive  a  lift  of 
375  feet  over  a  plain  2436  feet  long.  They  are  now  at  the  summit-level  between  Panther  Creek 
Valley  and  Mauch  Chunk,  their  position  being  just  on  the  anticlinal  axis  B,  N.W.  of  the  Aollage 
of  Summit  Hill.  From  this  point  their  course  to  Mauch  Chunk  is  unobstructed,  and  they  now 
start  upon  their  journey  over  what  is  caDed  the  Loaded  Track.  They  are  made  up  into  trains, 
not  embracing  more  than  sixteen  cars  in  each  train,  controlled  by  a  brakeman,  who  sits  aloft, 
holding  a  rope  to  which  the  brake-handle  of  each  car  is  attached  by  a  shorter  cord,  and  who  is 
thus  enabled  effectually  to  bridle  the  whole,  and  they  are  sent  on  their  journey  by  a  push  from 
the  shoulders  of  two  or  three  men.  Starting  off  Avith  a  smooth  and  gentle  motion,  they  soon 
acquire  a  rapid  speed,  which  occasionally  requires  the  brakeman  to  rein  them  in.  They  glide 
first  across  the  head  of  the  basin  of  the  Summit,  then  Southward  and  Eastward  round  the  flank 
of  Mount  Jefferson,  and,  passing  under  the  inclined  plane  of  that  name,  take  the  S.  flank  of  Sharjj 
Mountain,  along  which  the  loaded  track,  descending  at  an  average  grade  of  40  feet  per  mile,  now 
passes  for  about  3  miles,  until  nearly  opposite  Nesquehoning.  There  it  diverges  towards  the 
valley  of  the  Mauch  Chunk  Creek,  which  it  pursues  for  2^  miles  further,  when  the  creek,  descend- 
ing too  rapidly,  the  railroad,  to  maintain  its  own  grade,  passes  on  the  brow  of  a  sloping  table-land 
N.  of  the  stream,  along  which  it  holds  its  course  to  the  upper  village  overlooking  the  Lehigh,  where 
the  loaded  trains  come  to  a  pause  and  are  discharged.  The  terminus  of  the  Loaded  Track  has  an 
elevation  of  about  200  feet  above  the  pool  or  slack- water  of  the  Lehigh  at  Mauch  Chunk,  and 
this  descent  is  overcome  by  the  coal  by  the  contrivance  of  a  series  of  schutes,  or  inclined  trouglis, 
to  be  described  presently.  The  total  descent  from  the  summit  at  the  head  of  Panther  Creek, 
Plane  No.  2,  to  the  surface  of  the  water  at  Mauch  Chunk,  where  the  canal  boats  receive  the  coal, 
is  946  feet.  From  the  summit  of  the  Loaded  Track  to  its  lower  terminus  the  length  is  about 
8^  miles. 

Having  discharged  their  freights,  the  now  empty  coal-cars  are  conveyed,  still  by  gravity,  to 
the  foot  of  the  first  lifting-plane  of  the  empty  or  return-track.     This  plane  ascends  along  the 


LOADED  AND  EMPTY  TRACKS. 


73 


E.  spur  of  Mount  Pisgah,  an  outlying  terminating  synclinal  knob  of  Sharp  Mountain.  (See  the 
Sketch  of  the  Mount  Pisgah  Plane.)  The  perpendicular  lift  to  the  summit  of  the  Back  Track 
at  the  head  of  this  plane  is  825  feet.  The  cars  are  pushed  up  the  plane  by  an  ingeniously- 
contrived  pushing-car  or  truck  connected  with  an  endless  chain,  or  rather  broad  band  of  tough 
plate-iron,  propelled  by  a  stationary  engine  at  the  summit.  The  safety-car,  as  it  is  called,  rests 
at  the  bottom  of  the  plane  below  the  level  of  the  track,  in  a  deep  long  trench  or  pit,  and  the 
empty  cars,  in  requisite  number,  are  shoved  over  it.  At  a  signal  given,  the  endless  band  is  set 
in  motion,  and  the  safety-car  drawn  out  of  its  pit  to  the  rear  of  the  empty  train,  which  thus 
begins  its  journey  towards  the  summit.  The  speed  of  the  ascending  train  at  Mount  Pisgah  is 
usually  370  feet  per  minute.  From  the  summit  of  the  empty  track  the  empty  cars  descend  at 
an  average  grade  of  50  feet  per  mile  along  the  S.  flank  of  the  Sharp  Mountain,  a  distance  of  a 
little  more  than  6  miles  to  the  foot  of  Mount  Jefferson.  There  they  are  lifted  by  another  inclined 
plane,  No.  2,  of  the  empty  track,  a  height  of  462  feet,  at  a  speed  of  about  740  feet  per  minute, 
the  plane  having  a  length  of  2070  feet.  From  the  head  of  the  Mount  Jefferson  Plane  the  empty 
track  is  continued  to  the  village  of  Summit  Hill,  a  distance  of  nearly  one  mile,  with  a  grade  of 
nearly  44  feet  per  mile.  The  rest  of  the  journey  to  the  mines  is  made  by  what  is  called  the 
Back  Track,  w^hich,  setting  off  from  Summit  Hill,  runs  by  two  branches  or  separate  routes  into 
the  Yalley  of  Panther  Creek.  One  of  these  diverging  N.,  and  crossing  the  anticlinal  axis  of  the 
summit  W.  of  the  Catholic  chapel,  turns  Eastward,  and,  descending  the  mountain  obliquely,  meets 
a  zigzag  or  switchback  track  near  Tunnel  No.  5,  beyond  which  it  enters  the  immediate  valley 
of  Panther  Creek,  which  it  follows  closely  to  our  points  of  setting  out,  the  breakers  connected 
with  Tunnels  No.  6  and  No.  7.  The  other,  or  Sharp  Mountain  Back  Track,  passes  through  the 
Old  Open  Mine  to  the  head  of  Dry  Hollow,  which  it  recrosses  by  a  switchback  track,  and 
then  resumes  its  course  until  it  turns  Northward  and  Eastward  over  the  anticlinal  spur  of  the 
Summit  axis,  2000  feet  W.  of  Slope  No.  2,  till  it  reaches  the  head  of  Plane  No.  2.  Here  the 
empty  cars  may  either  descend  the  plane,  or,  keeping  the  hill,  pass  Eastward  to  the  foot  of  Plane 
No.  1,  passing,  in  the  interval,  near  the  mouths  of  Tunnels  No.  3  and  No.  4. 

A  separate  lifting-plane  is  employed  to  elevate  the  coal  drawn  from  the  bottom  of  the  Sum- 
mit Mine  by  Slope  No.  2,  and  sent  forward  to  the  Main  Loaded  Track.  This  Plane,  No.  3, 
descends  North-westward  from  the  foot  of  the  conglomerate  crest  of  Sharp  Mountain.  Its 
length  is  about  2200  feet,  and  the  head  of  the  plane  lies  not  far  W.  of  the  S.  quarry  of  the  Old 
Open  Mine. 

The  fall  of  the  Back  Track  is  about  300  feet. 

Coal  Schutes  at  Maiich  Chunk. — At  Mauch  Chunk  there  are  four  schutes  or  inclined  troughs 
for  letting  down  the  coal  from  the  end  of  the  railroad  to  the  river.  They  are  respectively  750, 
700,  650,  and  600  feet  long,  and  their  inclination  is  1  in  3,  or  17°.  Their  lift  fr  om  the  river 
is  213  feet  to  the  Loaded  Track.  The  fourth  schute  is  a  slide  schute — a  trough  5  feet  wide  and 
4  feet  deep,  with  gates  50  feet  apart.  The  trough  is  ironed  on  the  bottom  with  half-inch  cast-iron 
plates  1  foot  by  4  feet.  There  are  eight  gates.  The  coal  is  not  materially  injured  by  the  friction, 
and  what  loss  occurs  is  compensated  for  by  the  facility  and  saving  in  labour.  There  is  also  a 
large  wooden  schute  from  the  plateau  at  the  foot  of  the  hill  for  small-sized  coal,  and  wdthin  it  are 
gates  and  a  trough,  with  grates  for  Egg  and  Stove  coal.  Schute  No.  3  has  a  short  empty  car  or 
transfer-plane  for  lifting  15  feet  to  the  general  upper  level  of  the  Loaded  Track.    For  want  of 
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room,  No.  3  plane  or  schute  is  made  to  run  under  Sehute  No.  2,  and  therefore  this  additional  lift 
of  15  feet.  This  is  at  right  angles,  and  is  done  by  a  pushing-car  ;  the  weight  of  the  loaded  car 
acting  through  the  drum  and  a  lifting-shaft,  to  work  a  small  drum  at  the  head  of  the  small 
transfer-plane.  There  is  a  spring  and  a  beam  at  the  top  of  the  plane,  in  the  edge  of  the  drum- 
house  which  of  itself  comes  on  to  the  rail,  and  prevents  the  car  from  running  down  the  plane. 

Wire-ropes  are  used  for  the  schutes  ;  they  are  1:^  inches  in  thickness  ;  those  for  the  large  planes 
at  the  mines  are  If  inches.  They  contain  36  wires  of  No.  14  wire.  One  foot  weighs  one  lb. 
That  of  1^  inches  diameter  contains  6  strands  of  19  wires  each,  or  114  wires  ;  there  is  also  a  core 
or  central  rope  of  hemp  ;  and  here  each  strand  has  a  wire-core,  just  as  the  English  rope  has  a 
hempen  core. 

The  Mount  Pisgah  Inclined  Plane. — There  are  two  engines  at  the  head  of  this  plane,  work- 
ing two  drum-wheels  geared  to  run  in  opposite  directions,  carrying  the  bands  of  the  planes. 
These  wheels  are  27  feet  in  diameter,  and  are  cogged  on  the  periphery.  The  bands  are  two  on 
each  track  ;  they  consist  of  tough  iron-plate,  and  each  band  is  6^  inches  wide,  and  1^  inches 
thick. 

From  the  engine,  a  light  shaft,  geared  by  spur-gearing,  works  three  pump-rods.  Each  pump 
has  a  different  level  on  the  side  of  the  mountain,  the  water  being  lifted  from  the  river. 

Tunnels. — The  Panther  Creek  tunnels  have  usually  a  fall  of  6  inches  to  100  feet. 

Tunnel  No.  5. — ^Its  length  is  849  feet,  and  about  half-way  in,  it  cuts  Eed-Ash  coal  11 
feet  thick,  with  3  feet  of  coal,  the  remainder  being  Bone-coal  and  slate.  The  dip  is  70°.  The 
coal  has  a  twisted  fracture.  The  total  thickness  of  the  Big  Coal  is  45  feet,  with  the  same  divi- 
sions as  on  the  summit.    There  is  rather  more- slate  in  the  basin  than  on  the  summit. 

The  gangways  are  driven  three-fourths  of  a  mile  Westward  and  one-fourth  Eastward. 
The  E.  gangway  of  Tunnel  No.  4  meets  the  W.  of  No.  5. 

Tunnel  No.  7. — The  Big  Coal  is  worked  here,  also  the  Bed  Ash.  This  tunnel  enters  Locust 
Mountain  westward,  a  little  W.  of  a  point  opposite  Summit  Hill. 

Tunnel  No.  8  (the  longest  in  Panther  Creek  Valley).— It  measures  1575  feet ;  the  dip  is  about 
42°.  There  are  two  or  three  small  Red- Ash  coals  in  this  tunnel,  and  one  at  the  mouth  about  2 
feet  thick.  The  tunnel  has  a  breast  of  450  feet ;  the  coal  has  been  worked  up  300  feet  in  some 
places.  The  gangways  are  driven  650  (yards  "?)  both  E.  and  W.  It  yields  about  three-fifths 
coal,  and  two-fifths  dirt.    It  enters  Locust  Mountain  westward  opposite  Slope  No.  2. 

The  Red- Ash  Vein  in  this  tunnel  is  7  feet  thick,  between  slates,  but  will  yield  of  good  coal 
only  3  feet.  It  is  the  only  Red -Ash  coal  worked  here.  The  11 -feet  coal  above  the  large  AVhite- 
Ash  Vein  appears  to  be  vein  F.  of  Tamaqua  and  Greenwood  TunneL  The  dip  of  the  Big  Coal  is 
about  45°.  The  thickness  at  right  angles  to  the  coal  is  from  45  to  60  feet.  This  shows  a 
considerable  fluctuation  in  the  thickness  of  this  coal  in  short  distances. 

The  Coal  costs  about  cents  per  ton  to  bring  it  from  the  mine  ;  then  about  12^  cents  to 
break  and  clean  it.  It  then  costs  12^  cents  to  lift  it  to  the  summit,  and  run  it  to  Mauch  Chunk, 
and  12^  cents  more  for  other  expenses.  The  engine  of  No;  8  Breaker  is  20  horse-power.  It 
hauls  the  coal  up  from  tunnel-level  to  Breaker.  Other  Breakers  have  usually  1 0-horse-power 
engines.  The  Tunnel  No.  8  is  13  feet  wide,  8  feet  high,  has  a  double  track  at  its  mouth,  and 
turn-outs  within.  The  rails  in  the  tunnel  are  of  half-inch  iron  on  wooden  sleepers.  One  mule 
brings  out  three  loaded  cars. 
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Tunnel  No.  9. — This  important  tunnel,  designed  to  give  access  to  the  Big  Coal  dipping  North- 
ward from  the  anticlinal  of  Summit  Hill  into  the  main  South  basin  of  Panther  Creek,  or  basin  B, 
starts  from  a  little  above  the  water-level  of  Panther  Creek,  near  Coaldale,  and  extends  Southward 
about  2000  feet.  It  is  the  longest  tunnel  of  this  valley,  and  is  one  of  the  greatest  in  the  coal 
region.  It  was  begun  in  1852.  Not  far  from  its  mouth  it  passes  the  anticlinal  axis  A,  cutting 
one  or  two  of  the  Red- Ash  coals.  Farther  in,  it  encounters  the  synclinal  axis  of  basin  B,  where, 
as  already  mentioned,  the  crushed  condition  of  the  strata  caused  an  extensive  caving-in  of  all  the 
materials  above  the  tunnel-level  to  the  surface,  a  height  of  some  80  feet.  Beyond  this  synclinal 
turn  the  strata  are  regular  the  whole  way  to  the  conglomerate  beyond  the  end  of  the  tunnel, 
their  dip  being  to  the  N.  at  a  steep  angle,  averaging  55°.  This  farther  half  of  the  tunnel  inter- 
sects the  lower  Red-Ash  coals,  the  two  Grey-Ash  beds,  and  the  Great  White-Ash  or  Big  coal,  in 
which  the  excavation  terminates.  The  mass  of  coal  which  it  gives  access  to  is  very  great,  the  Big 
coal  presenting  here  a  total  thickness  of  more  than  50  feet,  and  a  length  of  breast  or  slant 
height  between  the  tunnel  and  its  outcrop,  on  the  brow  of  Summit  Hill,  estimated  at  not  less 
than  600  (?)  feet. 

Slope  No.  2. — This  is  on  the  N.  outcrop  of  the  Summit  Basin.  It  is  about  243  feet  to  the 
water-level  of  the  tunnel,  then  10  feet  of  gangway,  and  213  feet  farther  to  the  foot  of  the  slope  : 
the  dip  is  about  37°  S. 

The  machinery  and  openings  ^erwzV  a  daily  product  of  1000  tons  ;  the  actual  daily  product 
is  seldom  so  great.  There  are  two  engines  of  40  horse-power  each,  for  pumping  and  lifting 
the  coal,  and  two  others  for  the  Breaker,  of  10  horse-power  each. 

It  is  stated  that  the  actual  cost  of  lifting  the  coal  from  Panther  Creek  to  Summit  Hill  is 
about  four  cents  per  ton  ;  the  lift,  about  600  feet,  is  accomplished  by  two  planes.  This  includes 
interest  on  planes,  &c. 

The  coal  of  the  N.  side  of  basin  is  not  quite  so  pure  from  slate  as  at  the  Summit  Mine,  and 
going  still  farther  N.  to  the  Beaver  Meadow,  the  parting-slates  are  still  thicker,  but  the  coal  there 
is  somewhat  purer. 

The  Lehigh  Company  has  a  capital  of  7,000,000  doUars.  This,  and  all  their  earnings  since 
1841,  has^  been  absorbed  in  extensions.  The  stockholders  have  in  this  interval  received  no 
interest.  Their  calculation  for  paying  an  interest  was  based  upon  coal  selling  at  5  dollars  per 
ton  in  Philadelphia.  It  is  generally  below  this  price.  The  Company  owns  in  all  20,000  acres, 
of  which  15,000  lie  in  one  body,  extending  Eastward  from  the  Little  Schuylkill  at  Tamaqua,  to 
nearly -2  miles  E.  of  the  Lehigh,  at  Mauch  Chunk.  The  other  5,000  acres  are  scattered  up  and 
down  the  Lehigh  VaUey. 
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COALS   AND    CO  AL-ME  ASUEES. 

In  1852  and  1853,  when  the  whole  S.  anthracite  field  underwent  a  critical  revision  by  the 
Survey,  this  locality  was  carefully  studied,  topographically  and  geologically,  and,  as  in  so  many 
other  localities,  minute  measurement  of  the  strata  instituted,  and  notes  taken  for  the  construc- 
tion of  an  accurate  Section.  As  now  engraved,  this  Section  embodies  nearly  all  the  data 
essential  to  a  clear  understanding  of  the  structure  and  resources  of  this  portion  of  the  coal- 
field, except  those  which  relate  to  the  coals,  as  these  are  developed  in  the  mines,  and  those  of  the 
mining  statistics.  The  reader  is  therefore  recommended  to  examine  the  Section  for  information 
not  included  in  the  following  descriptions,  which  embrace  rather  the  coals  themselves  than  the 
rocks  between  them. 

The  fine  natural  section  of  the  Coal-measures  at  Tamaqua,  exposed  by  the  transverse  trend 
through  the  basin  occupied  by  the  Little  Schuylkill,  aided  now  by  multiplied  artificial  mining 
openings,  permits  us  to  recognise  almost  every  member  of  the  large  series  of  coals  contained 
there.  Above  the  main  or  lowest  Serai  conglomerate  occurs,  first,  a  group  of  Eight  Wliite-Ash 
Coals,  the  five  lowest  being  separated  respectively  by  coarse  Nut-conglomerates  with  sandstones 
and  shales,  and  the  succeeding  ones  by  less  pebbly  rocks.  Between  the  low^est  of  these  coals 
and  the  uppermost  of  the  Umbral  rocks,  the  Serai  conglomerate  group  proper  has  a  thickness  of 
not  less  than  200  feet.  The  eight  beds  referred  to  terminate  with  the  thick  and  noble  seam 
designated  by  the  letter  E.  Above  this  largest  of  the  series,  at  an  interval  of  more  than  230 
feet,  succeeds  the  coal  F,  the  first  of  the  true  Grey- Ash  beds  ;  and  about  80  feet  above  this  is  the 
so-called  Bony  Coal,  the  second  and  last  of  the  proper  Grey-Ash  group.  Next  in  order  is  the  Eed- 
Ash  Vein,  so  called,  the  lowest  of  the  true  Eed-Ash  class,  of  which  we  may  count  at  Tamaqua 
not  few^er  than  seven  or  eight.  Thus  the  whole  series  amounts  to  seventeen  or  eighteen  beds, 
the  chief  of  which  possess  qualities  and  dimensions  well  fitting  them  for  mining  and  for  the 
market. 

On  the  S.  side  of  the  basin  only,  the  lowest  thirteen  or  fourteen  of  these  coals  present  them- 
selves, dipping  almost  perpendicularly  in  the  Sharp  Mountain,  and  in  the  slope  at  its  N.  base. 
A  crushed  synclinal  fold  in  the  latter  position  repeats  the  higher  members  of  this  group  in  a 
steep  S.  dip,  which  gradually  flattens  until  it  is  succeeded  by  the  anticlinal  axis  of  the  S.  edge 
of  the  town  of  Tamaqua — axis  c.  The  main  street  of  the  town  is  not  far  from  the  next  or 
second  synclinal  axis,  which  contains  probably  about  the  eighteenth  coal,  or  four  or  five  beds 
higher  in  the  series  than  have  been  preserved  at  the  foot  of  the  Sharp  Mountain.  The  anticlinal 
between  these  two  troughs  lifts  apparently  about  the  tenth  or  eleventh  coal  to  the  water-level 
of  the  stream,  where  the  arch  is  visible.  There  are  some  indications  of  an  anticlinal,  or  a  dis- 
turbance at  least  of  the  regidar  S.  dip,  between  the  S.  anticlinal  of  the  town  and  the  synclinal 
at  the  foot  of  the  Sharp  Mountain  ;  and  this,  if  proved,  would  alter  somewhat  our  estimate  of 
the  number  of  coals  lifted  on  the  axis  at  the  stream.    It  is  obvious,  on  any  view,  that  the 
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synclinal  of  the  central  street  of  Tamaqua  must  hold  coals  which  are  among  the  highest  in  the 
district,  as  our  Section  at  Tamaqua  will  show. 

North  of  the  synclinal  axis  of  the  main  street  are  two  others,  visible  on  the  road  on  the  E. 
side  of  the  Little  Schuylkill.  The  first  of  these  passes  about  700  feet  N.  of  the  road  leading 
towards  !Mauch  Chunk,  and  the  other  is  900  feet  N.  from  this  one.  In  the  most  Northern  of 
these  troughs,  the  fourth  in  order,  the  Coal-measures  embraced  are  about  as  high  in  the  series 
as  those  of  the  second,  or  that  of  the  main  street  of  the  town,  there  being  about  seventeen  seams 
visible  between  the  synclinal  axis  and  the  conglomerate  in  Locust  Mountain,  underlying  all  the 
known  Coal-measures,  counting  two  pairs  of  double  beds  as  single  ones.  Between  the  second 
and  this  fourth  synclinal,  the  Coal-measures  undulating  over  the  second  and  third  anticlinals, 
and  in  the  third  synclinal,  belong  to  about  one  and  the  same  place  in  the  formation,  the  coals  which 
they  include  being  about  the  fourteenth  and  fifteenth  of  our  enumeration  from  the  bottom. 
The  three  anticlinals  all  lift  the  lower  Red-Ash  coals  to  the  surface,  and  may  be  regarded  as  con- 
stituting a  central  undulated  belt,  having  a  synclinal  belt  or  trough  on  each  side  of  it,  one  at 
the  foot  of  the  Sharp  ]\Iountain,  the  other  at  the  base  of  the  Locust  Eidge. 

It  is  obvious  that  the  Lower  or  White-Ash  coals,  which  outcrop  in  the  confronting  sides  of 
these  two  mountain-ridges,  undulate  in  basiniug  under  the  whole  valley,  in  conformity  with 
these  superficial  central  flexures ;  but,  for  the  reasons  elsewhere  explained,  I  do  not  think  it  pro- 
bable that  they  undulate  as  abruptly,  or  in  folds  as  much  compressed,  as  do  the  upper,  less  con- 
strained, and  more  flexible  strata.  In  viewing  all  such  sections,  it  is  important  to  keep  in  mind 
this  probable  absence  of  parallelism  in  the  curves  of  the  outer  and  the  inner  or  deeper-seated 
beds,  involved  in  compressed  and  corrugated  syuclinal  zones  like  this  of  the  Pottsville  Basin. 

I  proceed  to  trace,  under  a  new  head,  these  Tamaqua  anticlinals,  and  their  basins.  Westward 
to  Tuscarora,  but  shall  first  present  here  a  subordinate  chapter  on  the  details  of  the  coal-seams 
themselves,  as  they  have  been  developed  in  the  mines  at  Tamaqua. 

The  estate  of  the  Little  Schuylkill  Company  extends  Eastward  from  the  river  along  the 
N.  half  of  the  coal-field  for  nearly  2  miles,  and  embraces  the  whole  basin  Westward  from  the 
river  to  a  line  W.  of  Bucksville.  This  corporation,  after  developing  its  coal-field  by  tunneling 
the  strata  and  constructing  branch  railways,  leases  its  mines  to  competent  contractors,  and  looks 
for  profit  to  the  large  rental  to  which  it  is  entitled  from  its  very  valuable  coal-beds.  At  an 
early  day  in  the  history  of  its  operations,  before  these  coals,  outcropping  on  the  opposite  sides  of 
the  general  basin,  were  identified,  every  outcrop  was  named  as  if  it  pertained  to  a  separate  and 
independent  vein  or  deposit,  and  they  were  designated  by  the  letters  of  the  alphabet,  commencing 
with  the  lowest  then  known  in  the  Locust  Mountain,  and  proceeding  regularly  Southward, 
irrespective  of  repetitions  by  flexure.  Thus  it  happens  that  the  Coals  A,  B,  C,  D,  D  cross-cut, 
E  and  F  of  the  N.  side  of  the  basin  are  the  equivalents  of  the  Coals  T,  S,  R,  QQ,  Q,  and  0  of 
the  S.  side,  or  Sharp  Mountain,  Above  these  the  Red-Ash  coals  of  the  two  outcrops  have  not 
been  satisfactorily  identified. 

Individual  Coal-seams. — Immediately  below  each  seam  of  coal  there  usually  lies  the  common 
sandy  shale  of  the  Anthracite  measures,  but  the  almost  invariable  covering  of  the  coal  is  a  sand- 
stone. In  only  one  instance  does  a  shale  fill  up  the  entire  space  between  two  adjacent  beds,  and 
this  is  between  QQ  and  Q  in  the  Sharp  Mountain,  and  their  equivalents  in  the  Locust  Mountain, 
D,  and  D  cross-cut.    In  the  one  case  the  dividing  shale  is  6  feet  thick,  in  the  other  it  is  12  feet. 
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COALS  ON  THE  NOKTH  SIDE  OF  THE  BASIN  AT  THE  FOOT  OF  LOCUST  MOUNTAIN. 

Coal  A. — The  bottom  rock  of  this  bed  is  a  heavy  Nut-conglomerate.  The  vein  has  a  breast 
of  700  feet.  At  the  river  the  dip  is  about  65°  S.  The  whole  coal-bed  is  about  16  feet  thick  at 
the  river.  It  is  not  worked  to  the  E.,  and  we  were  informed  that  it  never  has  been  in  that 
direction.  The  gangway  is  in,  about  1500  feet  to  the  W.,  and  the  coal  seems  to  be  all  in  one 
body,  or  to  contain  no  parting  slate,  but  it  is  a  good  deal  fissured  and  rubbed.  Outcrops  of 
three  veins  have  been  found  north  of  Coal  A,  but  of  these  nothing  is  critically  known.  Between 
Coal  A  and  the  next  seam,  B,  the  horizontal  distance  on  the  N.  side  of  the  coal-field  is  260 
feet,  and  on  the  S.  side,  where  the  dip  is  steeper,  it  is  202  feet,  filled  chiefly  with  sUicious  con- 
glomerate. 

Coal  B. — Is  not  opened  on  the  E.  side  of  Tamaqua  Gap.  On  the  W.  side  it  dips  about  65° 
S.,  judging  by  the  rocks.  The  average  thickness  near  the  river  is  about  9  feet.  On  the  moun- 
tain it  is  more  than  1 2^  feet.  It  crops  out  N.  of  the  first  ledge  of  conglomerate,  about  half-way 
up  the  N.  slope  of  Locust  Mountain. 

Coal  C. — Was  in  1853  worked  by  a  drift  on  the  E.  side  of  the  stream  ;  it  was  driven  in  150 
yards.    It  was  faulty  on  the  E.  side,  and  was  not  more  than  6  or  7  feet  thick. 
On  the  W.  side  it  had  been  driven  about  900  feet,  and  was  8  or  9  feet  thick, 
thickening  as  it  went  Westward.    The  dip  at  the  river  is  from  55°  to  58°  S. 
1 0  Coal  D. — This  is  the  Big  Slope  Vein  of  Eaton  and  Carter,  on  the  E.  side  of 

river.    Its  thickness  on  the  W.  side  exceeds  14  feet  ;  on  the  E.  it  is  12  feet. 
Fig.  143.— Coal  c  of    The  gangways  from  the  foot  of  the  slope  were,  in  1853,  driven  600  feet  E.,  and 
the  same  distance  W.    An  old  upper-level  gangway  had  been  driven  E.  1400 
yards  to  a  rock-fault,  which  heaved  the  vein  off"  to  the  S.E.    This  vein  on  the  AV.  side  had 
been  driven  through  to  Eeinhardt's  Run  on  the  top  level.    The  coal  was  pretty 
much  the  same  on  the  top  level  as  it  is  on  the  E.  side,  both  in  quality  and  thickness, 
^  but  it  flattens  in  its  dip,  which,  at  Eeinhardt's  Run,  is  only  42°.    The  height 
of  the  breast  is  280  feet  from  the  upper  coal,  but  in  the  hUl  it  is  420  feet. 
Tamaqual°°^       The  Cvoss-Cut  Cooi.— Thls  bcd  is  only  12  feet  N.  of  Coal  E,  but  at  Rein- 
hardt's  Run  it  is  45  feet.    It  is  supposed  by  some  to  be  the  principal  vein  at 
Bucksville.    At  Reinhardt's  Run  it  is  2^  feet  thick.    At  Greenwood  Tunnel  it  is  10  feet  thick, 
but  its  more  permanent  average  size  is  4  or  5  feet. 

Coal  E. — This  has  been  opened  on  each  side  of  the  river.  The  portion  called  E  East 
measures  between  the  roof  and  floor  about  23  or  24  feet,  of  which  about  12  feet  are  very  good 
coal,  and  the  residue  is  Bony  coal  and  slate.  This  coal  is  harder  than  that  of  D,  but  from  the 
larger  proportion  of  inferior  coal  in  the  bed,  it  demands  more  attention  in  the  preparation  for 
market.  E  West  is  a  softer  coal  than  E  East,  the  whole  bed  lying  looser  between  its  confining 
strata.  It  is  hence  somewhat  more  dirty.  It  has  been  wrought  with  great  facility,  but  in  a 
manner  not  unattended  with  danger,  in  consequence  of  the  somewhat  loose  state  of  the  bed,  or 
want  of  close  compression  between  the  roof  and  floor.  It  is  wrought  in  successive  levels.  At 
distances  of  150  feet  along  the  horizontal  gangways,  schutes  are  carried  up  from  one  gangway  to 
the  next  higher,  leaving  massive  pillars  of  untouched  coal  between,  the  roof  and  coal  in  the 


fictoL-iai  Sectiox.East  Side  of  LitUe  SclmylMIl .  iiud  SoptL  Side  of  Coal  Basiujamaiiaa. 


Coal-  B 


CoaZ  C 


Codl  0 


t>wjR>'  Cut  Coal  E 


COALS  NOETH  SIDE  OF  BASIN. 


79 


breast  above  being  supported  in  the  usual  manner  by  pillars  of  wood  transverse  to  the  bed,  and 
by  a  strong  floor  of  plank  to  hold  up  the  coal.  Such  is  the  shattered  condition  of  the  whole 
mass  in  some  parts  of  the  mine,  that  as  fast  as  the  miner  picks  away  the  coal  next  the  bottom- 
slate,  other  coal  from  above  presses  into  its  place  ;  thus  assisted  by  the  freedom  of  the  coal,  the 
workmen  in  two  adjacent  schutes  can  sometimes  empty  all  the  coal  from  the  space  between  them. 
This  fragmentary  condition  of  the  coal  extends  to  the  outcrop,  for  in  one  place  at  the  surface,  an 
enormous  hole  was  at  one  time  formed,  60  feet  and  more  in  length,  and  at  least  40  in  breadth, 
by  the  mere  sinldng-in  of  the  loose  coal  as  it  was  withdrawn  below  within  the  mine.  The  dip 
of  this  bed  is  about  54°,  that  of  the  opposite  portion,  E  East,  is  53°.  Between  the  small  inter- 
mediate coal-bed  (D  Cross-cut),  and  the  bed  E,  the  distance  at  right  angles  to  the  dip  is  about 
53  feet. 

On  the  W.  side  of  the  Little  Schuylkill  this  thick  coal-bed  is  mined  through  towards  Eein- 
hardt's  Eun,  and  towards  the  end  of  the  year  1853  had  reached  Newkirk  Tunnel. 
It  usually  contains  three  benches,  but  on  the  E.  side  it  sometimes  has  four  or 
five.    Towards  the  W.  this  seam  runs  rather  faulty,  but  E.  it  has  been  worked 
through  to  Greenwood  Tunnel.    Its  average  thickness  is  22  feet. 

Coal  F. — The  next  vein,  called  F,  formerly  wrought  only  on  the  W.  side  of 
the  stream,  is  now  opened  on  both  sides.    At  the  level  of  the  railroad  the  bed  ' 
is  in  a  somewhat  crushed  condition,  and  therefore  the  workings  at  this  lower  _coai  e  of 

level  have  been  for  some  years  abandoned.    This  coal  is  in  two  benches.    The  Tamaqua. 
bottom  bench  is  the  thickest  on  the  E.  side  of  the  river,  being  from  6  to  7  feet.    On  the  W.  side 
it  is  5  feet  thick.    The  top  bench  is  on  the  E.  side  from  7  to  8  feet  thick,  and  on  the  W.  side 
6  feet.    The  lower  bench  is  a  pink-ash  coal.    The  dip  of  this  seam  averages  60°.    Its  horizontal 
distance  from  Coal  E  is  270  feet. 

The  Bony  Coal. — This  is  138  feet  S.  of  Coal  F,  at  Tamaqua  ;  it  is  there  6  feet  thick. 

Red- Ash  Vein. — This  bed,  in  horizontal  distance,  is  100  feet  S.  of  the  Bony  Coal  ;  it  is  3 
feet  thick. 

Coal  J,  or  Jock  Vein. — At  a  distance  of  120  feet  S.  of  the  so-called  Red- Ash  Vein  occurs 
the  coal-seam  J,  measuring  at  its  outcrop,  which  is  somewhat  faulty,  between  6  and  7  feet. 

First  Twin  Coals. — S.  of  coal  J,  48  feet,  are  two  thin  beds,  15  feet  asunder  ;  they  have 
never  been  fully  opened. 

Second  Twin  Coals. — Distant  from  the  last  pair  of  thin  seams  is  another  pair,  also  about  1 5 
feet  asunder.  These  likewise  have  never  been  mined,  for  they  expose  too  low  a  breast  above  the 
water-level,  and  they  are  too  thin  and  worthless  to  justify  mining  by  pit  or  slope.  Their  dip, 
and  that  of  the  strata  adjoining  them,  is  75°. 

Upper  Red- Ash  Coals. — At  a  distance  of  217  feet  S.  of  the  Second  Twin  Coals,  we  meet  the 
first  of  a  group  of  three  nearly  perpendicular  seams,  which,  being  near  the  synclinal  turn  of  the 
basin,  may  be  called,  for  distinction's  sake,  the  Upper  Eed-Ash  Group,  a  term  warranted  by  the  great 
thickness  of  barren  strata  which  separates  them  from  the  group  beneath.  The  first  of  these  is 
about  4  feet  thick,  though  it  has  never  been  mined  far  enough  to  prove  its  permanent  dimensions. 
The  second,  116  feet  S.  of  the  first,  and  divided  from  it  by  a  rather  coarse  sandstone,  is  3  feet  tliick. 
Both  of  these  coals  are  somewhat  crushed  or  "  dirty,"  a  condition  which  belongs  indeed  more  or 
less  to  all  the  Red-Ash  series  of  the  central  belt  of  this  part  of  the  basin.    The  third  Upper  Red- 
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Ash  coal  is  still  thinner,  but  dipping  at  an  angle  of  80°  S.  :  it  is  very  probably  in  a  squeezed 
state. 

Synclinal  Axis  of  Basin  B. — The  exposures,  natural  and  artificial,  on  the  E.  side  of  the  Little 
Schuylkill,  reveal  very  distinctly  the  sharp  synclinal  fold  or  axis  of  the  N.  basin.  It  shows  the 
strata — slate  and  argillaceous  sandstone — closely  compressed  into  a  sharp  V,  the  point  or  axis  of 
which  is  240  feet  S.  of  the  last-mentioned  uppermost  Eed-Ash  coal. 

The  three  thin  Upper  Red-Ash  coals  appear  to  repeat  themselves  on  the  S.  side  of  the 
synclinal  axis,  at  distances  somewhat  less  than  those  which  separate  them  on  the  N.  ;  they  dip 
almost  perpendicularly,  and  appear  to  be  very  thin — all  three  circumstances  implying  that  they 
are  squeezed  and  faulty  from  proximity  to  the  very  sharp  and  compressed  Anticlinal  B,  which 
bounds  their  basin. 

Anticlinal  B. — The  distance  of  this  axis  from  the  centre  of  the  synclinal  basin  N.  of  it  is  544 
feet. 

A  thin  coal,  probably  one  of  the  Second  Twin  seams,  occurs  close  to  the  axis,  dipping  both 
ways,  and  it  reappears  on  the  two  corresponding  sides  of  the  next  anticlinal,  b,  but  at  a  wider 
distance  from  that  axis.  It  should  be  observed,  however,  that  the  identification  of  these  thin, 
faulty,  and  imperfectly-opened  coal-beds  is  attended  with  much  uncertainty. 

A  nticlinal  Axis  b. — This  central  axis  of  the  coal-field  at  Tamaqua,  already  described  as  cross- 
ing the  Little  Schuylkill  just  N.  of  the  town,  is  distant  from  the  first,  B,  567  feet,  and  the 
synclinal  axis  between  them,  belonging  to  the  very  closely-compressed  basin  B  b,  ranges  S.  of 
axis  B  about  305  feet.  This  anticlinal  b,  lifting  very  nearly  the  same  rocks  to  the  surface  as 
the  saddle  N.  of  it,  is  even  more  compressed,  its  N.  dips  being  85°,  while  its  S.  ones  are  as  steep 
as  65°.  Two  coal-beds  appear  on  the  S.  flank  of  this  saddle  just  N.  of  Tamaqua.  The  lower  one 
is  apparently  between  5  and  6  feet  thick  ;  the  upper  one,  distant  from  it  about  105  feet,  is  only 
15  inches, 

A  deep  excavation  of  the  coal-rocks,  filled  up  to  a  level  plain  by  diluvial  matter,  conceals 
the  native  rock  under  the  town  of  Tamaqua,  through  a  breadth  of  about  600  feet;  but  just  S.  of 
the  village,  rock-exposures  occur  again  just  at  the  anticlinal  axis  C  at  the  E.  foot  of  the  hill 
upon  which  the  S.  skirt  of  the  village  rests.  This  anticlinal  is  distant  from  the  middle  axis  B 
891  feet.  The  synclinal  axis  Chi^  probably  about  400  feet  N.  of  the  S.  saddle,  and  directly 
under  the  town. 

From  the  S.  anticlinal  C  to  the  first  distinctly-opened  coal-seam  of  the  basin  B  of  the  vaUey 
at  the  foot  of  Sharp  Mountain  is  a  wide  space  of  740  feet,  within  which  the  strata  are  very 
imperfectly  recognisable.  This  interval  is  apparently  occupied  by  South-dipping  Coal-measures, 
containing  doubtless  two  or  three  of  the  lower  Red- Ash  coals.  To  the  S.  of  the  blank  space  a 
succession  of  very  steeply-dipping  coals  is  met  with  :  the  first  three  of  these  dip  at  angles  from 
65° — 80°  S.  These  are  all  crushed,  and  their  true  thicknesses,  therefore,  are  not  determinable. 
Beyond  the  third  of  these  South-dipping  beds,  we  come,  at  an  interval  of  70  feet,  to  a  perpendi- 
cular seam,  called  K  by  the  proprietors.  This  probably  pertains  to  the  Sharp  Mountain  series, 
or,  in  other  words,  seems  to  belong  to  the  S.  side  of  the  basin  D. 

Synclinal  Axis  of  Basin  D. — It  has  been  impossible  to  determine  with  precision  the  position 
of  the  synclinal  axis  of  basin  D  at  the  foot  of  the  Sharp  Mountain,  but  my  impression  is,  that  it 
lies  either  immediately  N.  of  the  coal-bed  K,  or  of  the  coal  next  N.  of  it.    Assuming  it  to  have 
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the  latter  position,  its  distance  S.  of  the  anticlinal  axis  C  is  about  865  feet.  Whatever  be  its 
exact  place,  it  is  an  extremely  close  fold  of  the  strata ;  and  there  can  be  little  prospect  of  con- 
tinuously sound  workable  coal  in  the  three  or  four  lower  Eed-Ash  beds  immediately  involved  in 
it  near  the  surface.  Upon  the  supposition  I  have  made,  the  total  number  of  separate  coal-seams 
S.  of  the  synclinal  axis,  or  belonging  to  the  S.  outcrop  of  basin  D,  including  the  two  conglome- 
rate coals  underneath  coal  A,  or  its  equivalent,  is  just  fifteen.  This  number  is  less  by  two  than 
the  South-dipping  series  of  the  Locust  Mountain  side  of  the  coal-field  N.  of  the  synclinal  axis  B — 
a  difference  to  be  anticipated  from  the  obvious  fact,  that  the  anticlinal  C — that  of  Mine  Hill — is  a 
stronger  wave,  with  greater  vertical  uplift  than  the  saddle  B,  which  belongs  to  the  feebler  undu- 
lation of  the  Summit  Hill. 

From  the  coal-seam  K,  Southward  to  the  lowest  bed  opened  in  Sharp  Mountain,  we  cross  a 
succession  of  well-proved  Eed,  Grey,  and  White- Ash  coals,  the  exact  equivalents  of  the  South-dipping 
beds  in  and  S.  of  Locust  Mountain.  Comparing  the  Grey  and  White- Ash  seams  of  the  two  sides 
of  the  valley,  the  coal  M,  5  feet  thick  at  the  foot  of  Sharp  Mountain,  is  the  equivalent  of  coal  J  ; 
and  N,  the  opposite  outcrop  of  the  so-called  Red-Ash  bed  ;  coal  o,  7  feet  thick,  the  representative 
of  the  Bony  seam  ;  coal  0,  10  feet  thick,  that  of  F,  also  10  feet  thick  ;  coal  P,  22  feet  thick,  of 
E,  which  is  also  22  feet ;  Q,  8  or  .9  feet  thick,  that  of  the  Cross-cut  coal,  4  or  5  feet  thick ;  Q  Q, 
8  feet,  but  variable,  of  D,  which  is  1 5  feet  thick ;  coal  R,  9  feet  thick,  of  C,  7  or  8  feet  thick  ; 
coal  S,  7  feet,  the  counterpart  of  coal  B  ;  and  coal  T,  the  equivalent  of  coal  A. 

Coal  K. — this  seam  is  much  crushed  and  faulty,  and  has  never  been  profitable.  It  yields 
between  4  and  5  feet  of  bruised  Red-Ash  coal.    Its  dip  is  a  little  to  the  S.  of  the  perpendicular. 

Coal  Z  is  a  small  and  much-crushed  seam,  which  has  never  been  wrought. 

Coal  M. — This  vein  is  also  much  disturbed,  there  having  been  obviously  an  extensive  move- 
ment in  the  plane  of  the  coal-bed  itself,  for  in  some  places  it  is  pinched  to  the  dimensions  of  3 
feet,  and  then  it  expands  to  even  9  feet,  and  thus  throughout  all  the  extent  to  which  it  has  been 
wrought.  It  has  a  very  nearly  perpendicular  dip.  Its  distance  from  coal  K  is  159  feet.  It  has 
furnished  some  very  good  coal,  but  has  never,  in  the  main,  been  a  profitable  mine. 

Coal  N  is  distant  from  M,  the  last  mentioned,  112  feet.  It  also  is  a  much  disturbed  stratum, 
pelding  but  little  good  coal.  Its  dimensions  are  about  2^  feet.  The  dip,  always  very  steep,  is 
irregular,  showing  a  movement  in  the  plane  of  the  bed. 

Coed  0  0. — This  coal  we  could  not  enter  at  the  time  of  our  explorations,  in  consequence  of 
the  dangerous  and  obstructed  condition  of  the  gangway.  It  was  reported  to  us  as  9  feet  thick, 
but  the  coal  was  bruised,  and  of  little  value.  At  the  mouth  of  the  drift  the  dip  is  a  little  to  the 
N.  of  the  perpendicular.    It  lies  S.  of  coal  N  about  150  feet. 

Coal  0. — About  50  feet  S.  of  the  last  named  lies  the  seam  called  0.  At  the  mouth  of  the 
drift  the  dip  of  the  bed  is  somewhat  irregular,  but  steep ;  farther  into  the  hill  Westward  its  slope 
is  53°  N.  Like  all  the  Sharp  Mountain  beds,  this  coal  has  experienced  a  sliding  movement  in 
the  plane  of  the  dip  ;  and  the  coal  is  therefore  more  or  less  crushed  and  fragmentary,  although 
it  has  really  afibrded  a  sufiicient  proportion  of  marketable  coal  to  defray  the  cost  of  mining. 
It  is  alleged  to  be  10  feet  thick. 

These  previously-enumerated  coals  of  the  Sharp  Mountain  series  all  yield  a  reddish  ash,  that 
of  the  last  enumerated  being  the  palest.  With  the  next  seam  commences  the  White-Ash  group 
of  the  Sharp  Mountain  coals. 
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Coal  P. — This  is  the  S.  outcrop  of  the  great  bed  of  the  basin.  For  several  hundred  feet  in 
from  the  mouth  of  the  drift  its  prevailing  size  was  22  feet,  but  it  is  stated  to  have  expanded 
in  one  locality  in  the  mine  tQ  42  feet.  At  its  outcrop  on  the  mountain-side  it  measures  about 
23  feet. 

Perhaps  not  more  than  one  half  of  the  coal  in  the  bed  is  adapted  to  the  market,  the  rest 
being  of  the  earthy  sort  called  Bone  coal.  It  position  is  about  193  feet  S.  of  the  last  described, 
and  its  dip  is  from  75°  to  80"  N.  It  is  now  mined  below  the  water-level  on  the  W.  side  of  the 
river,  by  a  shaft  sunk  to  meet  it  at  a  moderate  depth  below  its  water-level  outcrop. 

Coal  Q. — Distant  about  75  feet  from  the  large  bed  P  lies  another  coal,  called  Q,  the  average 
thickness  of  which  is  6  feet  6  inches.  This  is  considered  to  be  the  best  coal  in  Tamaqua.  Its 
dip,  the  same  as  that  of  P,  is  75°.  This  bed  was  wrought  in  the  usual  mode  from  the  lower 
levels  upwards  by  schutes.  In  one  spot,  after  being  mined  towards  the  outcrop  a  distance  of 
300  feet,  the  greater  looseness  of  the  coal  in  the  higher  portions  caused  it  suddenly  to  rush  in 
from  the  top,  costing  the  lives  of  three  miners.  In  the  enormous  movements  which  all  the 
Sharp  Mountain  strata  have  undergone,  when  they  were  elevated  from  their  original  horizontal 
posture  into  their  present  nearly  vertical  dips,  they  evidently  underwent  an  enormous  unequal 
pressure,  squeezing  them  greatly  in  certain  portions,  but  loosening  and  displacing  them  in  others 
where  the  cohesion  was  feeblest. 

The  several  coal-seams  and  their  slates  being  the  least  coherent  and  most  easily  crushed 
members  of  the  ponderous  body  of  strata,  any  sliding  of  the  mass  during  upheaval  was  neces- 
sarily greatest  within  the  materials  of  these  softer  layers,  and  in  the  plane  of  their  slope. 
Hence  the  fragmentary  condition  of  so  much  of  the  coal  in  the  Sharp  Mountain,  the  elevation 
of  which  seems  to  have  been  attended,  even  in  the  district  of  the  Little  Schuylkill,  with  the 
production  of  an  enormous  compression  of  the  rocks  near  its  N.  base.  These  views  should  be 
daily  in  the  thoughts  of  those  who  are  working  the  Sharp  Mountain  coals,  for  as  the  mining 
operations  there  advance,  the  danger  to  life  and  property  must  inevitably  increase. 

Coal  Q  Q. — At  the  level  of  the  railroad  the  space  between  this  seam  and  Q,  the  last 
described,  is  not  more  than  about  7  feet,  but  at  a  counter-level  220  feet  higher  they  are  separated 
by  1 2^  feet  of  slate.  They  are  both  entered  by  one  external  drift.  The  bed  Q  Q  measures 
between  the  bottom  and  top  slates  about  7  feet,  and  it  turns  out  4  feet  of  good  coal,  except  in 
those  places  where  it  is  crushed. 

Coal  R. — This  seam,  which  is  stated  to  have  a  thickness  of  9  feet,  lies  S.  of  Q  Q  205  feet. 
It  was  originally  entered  by  a  drift  at  the  level  of  the  railroad  ;  but  the  workings  on  this  level 
were  arrested  by  an  oblique  fault  bringing  against  the  end  of  the  drift  a  mass  of  slate  dipping 
towards  the  W.  It  has  been  since  penetrated  in  another  more  successful  drift,  at  an  elevation 
of  nearly  300  feet  above  the  former.    Some  of  the  coal  of  this  bed  is  very  beautiful. 

Coal  S. — The  workings  upon  this  vein  were  at  the  period  of  our  investigations  so  dilapi- 
dated as  to  preclude  the  determination  of  its  dimensions,  but  it  is  stated  to  be  7  feet  thick.  It 
is  obviously  not  a  sound  nor  valuable  seam.  Some  of  the  coal  appeared  to  be  of  a  good  quality, 
but  the  bed  is  too  soft  and  shattered  to  prove  profitable.  Its  distance  from  the  main  upper 
layer  of  the  Serai  conglomerate,  which  forms  the  crest  or  backbone  of  the  Sharp  Mountain,  is 
about  202  feet,  and  its  dip  is  about  70°  to  the  N. 

The  total  thickness  of  the  productive  Coal-measures  at  the  Little  Schuylkill,  counting  from 
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the  synclinal  axis  B  to  the  bottom  of  coal  A,  is  apparently  about  2000  feet.  As  basin  B  is 
probably  the  deepest  of  the  four  caused  by  the  three  anticlinals,  it  is  obvious  that  2000  feet  is 
the  maximum  depth  at  which  coal  A  can  lie  anywhere  beneath  the  surface  of  the  valley.  A 
shaft  or  a  deep  subterranean  tunnel  of  that  length  will  therefore  cut  all  the  fifteen  coal-seams  to 
A  inclusive,  and  one  about  1300  feet  long  should  reach  the  thick  and  valuable  coal  E.  Of 
course,  shallower  pits  and  shorter  tunnels  will  penetrate  to  the  same  coal-beds  in  the  basins  B  h, 
C  b,  and  D,  and  still  less  extensive  ones  on  the  anticlinal  axes  B,  B,  and  C,  though  the  anticlinals 
are  seldom  the  most  suitable  belts  in  which  to  sink  deep  shafts.  Probably  the  most  economical 
mode  of  reaching  a  large  amount  of  sound  coal  beneath  the  water-level  will  be  found  to  be,  for 
a  long  time  to  come,  by  slope-pits  sunk  in  coals  E  or  D,  and  by  a  tunnel  driven  N.  and  S.  from  the 
bottom  of  the  slope.  Indeed,  this  process  is  employed,  in  the  present  time,  at  relatively  super- 
ficial levels.  Our  panorama  sketch  of  the  collieries  exhibits  the  exterior  arrangements  connected 
with  a  slope-mine  in  coal  D.  Ultimately  it  may  be  found  desirable  to  sink  one  or  more  per- 
pendicular shafts  near  the  middle  of  the  coal-field,  and  then,  more  probably,  basin  B  h  or  Cb  will 
be  chosen  as  admitting  of  the  most  entire  command  of  the  deeper-buried  wealth  of  the  region. 


GREENWOOD  TUNNEL. 

At  the  first  tributary  of  Panther  Creek,  E.  of  the  Little  Schuylkill  and  about  a  mile  from 
Tamaqua,  the  South-dipping  strata  on  the  N.  side  of  the  Locust  Mountain  basin,  or  that  bounded 
on  the  S.  by  the  Summit  Hill  anticlinal,  are  penetrated  Northward  by  an  extensive  tunnel,  the 
opening  of  the  Greenwood  Mines.  This  tunnel  has  its  mouth  in  the  Eed-Ash  Coal-measures, 
about  300  feet  N.  of  the  synclinal  axis  of  the  Locust  Mountain  basin.  A  little  more  than 
half-way  in,  it  cuts  the  lower  Red- Ash  coal  F,  and  then  E,  the  Cross-cut,  and  D  in  succession, 
terminating,  at  the  time  we  saw  it,  in  the  latter.  The  rocks  at  the  mouth  of  the  tunnel — grey 
pebbly  sandstones — dip  45°  S.  20°  E.  The  immediate  entrance  is  in  slate.  (For  Section  of 
Tunnel,  see  w^oodcut,  fig.  146.) 


Fig.  146. — Greenwood  Tunnel,  in  Locust  Mountain. 


The  first  coal  cut  in  the  tunnel  is  the  small  Red-Ash  bed  S.  of  the  Bony  coal,  and  then  the 
Bony  coal.  The  vein  F  has  been  mined  Eastward  about  a  mile  and  a  lialf  in  the  tunnel-level.  A 
slope-mine  enters  it  at  Carter's  New  Slope,  3000  feet  E.  of  Greenwood  Tunnel.  The  bed  is  there 
from  12  to  15  feet  thick,  and  dips  50°  S.    Its  ash  is  pinkish  grey  and  white. 
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THE  SCHUYLKILL  OR  CENTRAL  DISTRICT  OF  THE  COAL-FIELD. 

INTRODUCTOEY  DESCRIPTION. 

Before  proceeding  further  to  describe  in  detail  the  structure  and  contents  of  the  coal-field, 
it  is  expedient  to  present  a  geographical  sketch  of  the  great  Middle  Division  of  the  Southern 
basin,  or  that  which  is  drained  by  the  waters  of  the  Schuylkill,  and  which  has  Pottsville  for  its 
centre.  This  extends  to  Tuscarora  on  the  E.,  and  to  the  sources  of  the  West  Branch,  Schaffer  s 
Run,  and  Muddy  Branch  on  the  W.  It  embraces  the  widest  portion  of  the  basin — that  in  which 
we  find  the  greatest  amount  of  irregularity  in  the  position  of  the  strata,  and  where  the  largest 
number  of  active  collieries  are  assembled.  It  is  therefore  the  most  intricate  and  important  of  all 
the  mining  districts  within  the  anthracite  region.  It  will  be  seen,  on  inspecting  the  Map,  that 
this  district,  drained  by  the  waters  of  the  Schuylkill,  constitutes  a  very  natui-al  subdivision  of 
the  basin.  The  rising  of  Mine  Hill,  near  Tuscarora,  almost  into  the  centre  of  the  valley,  and 
the  abrupt  change  of  position  to  the  S.  of  the  Sharp  Mountain  near  Middleport,  cause  it  to  be 
partially  insulated  from  the  Eastern  narrower  end,  while  on  the  W,  the  throwing  forward  to  the 
S.  of  the  flank  of  the  Broad  Mountain  beyond  the  West- West  Branch,  seems,  though  in  a  less 
marked  degree,  to  divide  it  from  the  district  watered  by  the  sources  of  the  Swatara. 

In  its  topographical  structure  this  part  of  the  basin  is  admirably  adapted  for  the  extensive 
and  easy  development  of  its  mineral  breadth.  The  whole  interior  of  the  valley  is  traversed 
longitudinally  by  nearly  parallel  ridges  and  intervening  depressions,  produced  by  the  combined 
agency  of  anticlinal  folding  of  the  strata,  and  the  carving  of  the  surface  by  denuding  waters. 
These  undulations  amount  to  a  difference  of  level  of  from  100  to  nearly  400  feet.  But  there  is 
a  still  more  important  feature  fiivourable  to  the  extraction  of  the  coal  :  the  entire  district  is 
intersected  transversely  by  the  tributary  valleys  of  the  Schuylkill,  and  by  their  subordinate 
ravines.  The  wild  floods,  which  originally  breached  the  notches  in  the  mountains  for  the  passage 
of  the  present  rivers,  in  sweeping  S.  across  this  district,  have  formed  a  series  of  deep  cross 
valleys,  the  chief  of  which  traverse  the  whole  breadth  of  the  basin,  while  the  minor  ones  penetrate 
from  the  S.  side  only  to  the  middle  and  N.  border  of  the  valley.  These  great  natural  trenches, 
by  intersecting  the  longitudinal  ridges,  give  ready  access  to  a  multitude  of  coal-seams,  which  are 
entered  endwise  at  various  depths  below  their  upper  outcrops,  so  that  extensive  slopes  or  breasts 
of  the  coal  are  procurable  above  the  water-levels,  and  therefore  without  the  expense  of  mine- 
drainage  by  machinery.  They  are,  furthermore,  the  natural  excavations  approximately  graded 
for  the  reception  of  the  numerous  lateral  or  branch  railroads  by  which  the  coal  is  conveyed  from 
the  mines  into  the  great  channel  of  trade  from  the  district,  the  valley  of  the  Main  Schuylkill. 

The  most  conspicuous  of  these  transverse  valleys  are  those  of  Mill  Creek,  the  West  Branch, 
and  the  West- West  Branch.  These  enter  the  basin  from  the  Broad  Mountain,  breach  the  axis  of 
Mine  Hill,  and  traverse  the  valley  to  the  very  base  of  the  Sharp  JNIountain.  The  Eastern  Branch  of 
the  Schuylkill,  from  Tuscarora  westward  to  Pottsville,  along  the  S.  border  of  the  basin  at  the  foot  of 
the  Sharp  Mountain,  is  the  main  trunk  of  an  extensive  series  of  such  subordinate  transverse  ravines, 
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which,  commencing  in  the  N.  side  of  the  field  at  the  base  of  Mine  Hill,  and  the  lesser  ones  in  the 
middle  of  the  valley,  open  Southward  into  it  as  their  natural  outlet.  Advancing  W.  from  Tuscarora, 
the  first  of  the  more  conspicuous  of  these  cross  ravines  is  that  of  Big  Creek,  which  stream  rises  in 
the  little  valley  between  the  Locust  Mountain  and  Mine  Hill,  and  in  passing  the  subsiding  axis 
of  this  latter,  lays  naked  an  extensive  body  of  Coal-measures.  The  next  is  that  of  Casca 
William  Run,  upon  which  are  several  collieries. 

It  opens  into  the  Schuylkill  near  the  little  village  of  Middleport.  Further  W.  are  the  valleys 
of  Lick  Eun  and  Lime  Creek,  upon  both  of  which  are  now  seated  some  promising  collieries  ;  and 
beyond  these  occur  two  or  three  lesser  valleys,  and  then  the  more  extensive  one  of  Zachariah's 
Run,  the  locaHty  of  several  extensive  mines.  Another  considerable  ravine  opens  between  this 
last  and  Mill  Creek,  upon  which  are  also  extensive  collieries. 

That  important  division  of  the  district  which  is  included  between  Mill  Creek  and  the  West 
Branch  is  penetrated  throughout  its  entire  breadth,  from  Pottsville  to  the  flank  of  Mine  Hill,  by 
two  other  large  valleys  at  right  angles  to  the  strata,  those  of  East  Norwegian  and  West 
Norwegian  creeks.  These  unite  N.  of  Pottsville,  and  the  combined  stream  follows  thence  a  single 
valley,  directly  transverse  to  the  strata,  to  the  main  defile  in  the  Sharp  Mountain,  where  it  joins 
the  Schuylkill. 

Nearly  every  valuable  bed  of  coal  intersected  by  the  five  principal  transverse  valleys  of  Mill 
Creek,  East  and  West  Norwegian,  West  Branch,  and  West-West  Branch,  has  been  opened,  and  has 
been,  or  is  now,  the  seat  of  mining  operations.  Formerly  the  coal-workings  were  restricted  to  the 
portions  above  the  level  of  the  adjacent  valley,  but  of  late  years  extensive  collieries  have  been 
established,  in  which  the  coal  is  wrought  to  already  considerable  depths  below  the  water-level. 
Availing  ourselves  of  the  data  thus  supplied  by  artificial  exposures  of  the  strata,  and  combining 
with  these  the  measurements  of  all  the  recognisable  natural  outcrops  of  the  beds,  we  have  suc- 
ceeded in  partially  unravelling  the  structure  of  this  excessively  complicated  district.  I  cannot 
pretend  to  exhibit  here  an  entirely  accurate  representation  of  the  course  of  every  coal-seam,  for 
in  the  present  still  infant  state  of  development  of  this  great  coal-field,  the  materials  are  not 
yet  discovered  for  the  delineation  of  its  many  beds  of  coal  in  their  intricate  windings  upon  the 
surface,  and  their  stiU  more  perplexing  changes  of  dip  and  dislocation  under  ground.  No  one 
of  the  principal  ravines  crossing  the  basin  supplies  by  any  means  all  the  facts  essential  for  the 
construction  of  full  general  transverse  sections  of  the  strata  representing  the  outcrops  and  the 
underground  flexures  of  every  coal-seam.  I  have  been  compelled,  therefore,  to  resort  to  an  exten- 
sive and  laborious  compilation  of  data  gathered  along  the  valleys  of  the  Main  Schuylkill  and 
its  tributaries,  for  materials  for  the  several  sections  of  the  basin  herewith  presented. 

ANTICLINALS  AND  BASINS  BETWEEN  TUSCAEOEA  AND  EAST  NOEWEGIAN. 

Anticlinal  D,  or  Axis  of  South  Mine  Hill.' — Regarding  the  axis  S.  of  Tuscarora  as  the 
E.  prolongation  of  this  conspicuous  and  important  anticlinal,  we  may  view  it  as  originating 
in  the  N.  flank  of  Sharp  Mountain,  somewhere  S.E.  of  Tuscarora.  We  first  recognise  it  W.  of  the 
valley  of  the  Schuylkill,  in  the  S.  side  of  the  hill  next  W.  of  that  of  Tuscarora,  where  it  bounds 
Chadwick's  Basin  on  the  N.  It  crosses  the  Pottsville  road  near  its  abrupt  bend  Southward 
towards  the  Schuylkill,  passes  S.  of  SiUiman's  Breaker  on  Big  Creek,  and  is  the  saddle  which 
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heaves  and  confuses  the  coal  in  Whitfield's  Lower  Tunnel.  Passing  near  or  through  the  tunnel  at 
the  head  of  Bushy  Valley,  it  enters  the  E.  point  of  the  South  Mine  Hill  at  Casca  Wilham  Creek, 
turning  the  large  White- Ash  coal  of  that  locality  abruptly  into  a  steep  N.  or  perpendicular  dip, 
immediately  at  the  engine-house  of  the  Slope  Mine.  Thence  it  ranges  along  the  N.  side  of  the 
crest,  and  in  some  places  near  the  base  of  the  same  to  the  Western  termination  of  this  ridge,  S. 
of  Little  Wolf  Creek,  and  thus,  keeping  a  remarkably  straight  course,  passes  on  and  appears  at 
Mill  Creek  in  the  arch  just  S.  of  Johns'  Slope,  and  dies  away  in  a  flattening  undulation  on  the 
flank  of  the  Main  Mine  Hill,  between  that  valley  and  the  head  of  the  East  Norwegian.  In  some 
parts  of  its  range  between  Casca  William  and  Mill  creeks,  this  anticlinal  is  so  sharply  folded  as 
to  produce  a  fault  or  dislocation  sometimes  at  the  synclinal  turn  just  N.  of  it,  sometimes  in  the 
vertical  leg  of  the  arch  itself.  It  is  this  axis  which  gives  the  undulation  to  the  large  coal  caUed 
Guiterman's  Bed,  on  Silver  Creek.  Throughout  the  whole  of  its  course  from  near  Tuscarora  to 
Mill  Creek,  excepting  chiefly  the  vicinity  of  Silver  Creek,  where  it  arches  somewhat  gently,  this 
axis  is  characterised  by  a  very  steep  S.  dip,  and  an  almost  perpendicular  or  even  slightly  over- 
turned dip  on  its  N.  side  ;  hence  it  is  that  the  crest  of  the  narrow  ridge  which  it  elevates,  and 
which  I  propose  to  call  the  South  Mine  Hill,  is  so  remarkably  craggy  and  broken,  composed  of 
successive  steep  standing  ribs  of  the  dense  and  massive  conglomerates  of  the  White-Ash  Coal- 
measures,  denuded  by  the  violence  of  the  waters  scooping  the  softer  interposed  rocks,  which 
elsewhere,  with  gentler  dips,  would  give  a  softer  contour  to  the  scenery. 

Coal-Beds  lifted  hy  this  Axis.- — The  coal-beds  lifted  to  the  water-levels  of  the  streams  which 
intersect  this  anticlinal,  are  not  identifiable  with  precision  between  Tuscarora  and  Casca  Wil- 
liam, or  as  far  at  least  as  Whitfield's  Lower  Tunnel.  We  can  merely  say,  that  those  which  span 
it  in  the  vicinity  of  Tuscarora  and  Patterson  are  members  of  the  lower  Eed-Ash  series.  Rising  to 
the  Westward,  the  axis  gradually,  however,  lifts  out  the  more  deep-seated  coals,  and  at  Whitfield's 
Lower  Tunnel  brings  to  the  level  of  that  gallery — so  the  evidence  impHes — the  uppermost 
of  the  White-Ash  coals,  or  the  Big  Coal,  so  called,  of  the  S.  slope  of  the  South  Mine  HiE,  the 
equivalent,  as  I  regard  it,  of  the  coal  E  of  Tamaqua,  and  of  the  collieries  Eastward  and  Westward 
at  the  S.  foot  of  Locust  Mountain,  from  Upper  Panther  Creek  Valley  to  Palmer's  Tunnel  at  Tus- 
carora. At  Casca  William  Creek  this  coal  is  brought  to  the  level  of  the  point  in  the  South 
Mine  Hill,  at  Eogers'  and  Sinnickson's  White- Ash  Colliery,  W.  of  which  it  is  divided  by  the  rising 
and  expansion  of  the  anticlinal  into  two  gently-diverging  outcrops,  the  Northern  one  of  which  runs 
W.  the  chief  part  of  a  mile,  probably  to  basin  in  the  synclinal  valley  enclosed  between  the  spur 
of  South  Mine  Hill  and  the  S.  flank  of  the  Mine  HiU  proper,  and  to  take  its  course  thence  East- 
ward in  the  latter  through  the  Casca  William  Tunnel,  and  through  Whitfield's  Upper  Tunnel, 
and  Silliman's  and  Potts'  slopes  on  Big  Creek  north  of  Patterson.  The  E.  outcrop,  on  the 
other  hand,  starting  at  the  point  of  the  spur  at  Casca  William,  follows  the  S.  slope  and  base  of 
this  ridge  the  whole  way  to  its  termination  near  Mill  Creek,  being  the  so-called  Big  Seam  of 
Tucker's  Slope  Mine  on  Silver  Creek,  the  Big  Seam  of  Zachariah's  Run,  or  of  the  Windy  Har- 
bour Tunnel  at  Zachariah's  Run,  and  the  Mammoth  Vein  north  of  Crow  Hollow,  and  of  Mill's  and 
Pinkerton's  mines  on  the  two  sides  of  Mill  Creek.  Several  lower  coal-beds  are  lifted  and  exposed 
on  the  S,  flank  of  this  axis,  even  a  little  W.  of  Casca  William  Creek,  and  a  greater  number  still 
on  Silver  Creek,  and  N.  of  Windy  Harbour,  as  the  Sections  will  show.  But  approaching  Mill  Creek, 
some  of  these  subjacent  coals  again  bury  themselves  with  theWestward  slight  declension  of  the  axis, 
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until,  at  Johns'  Colliery,  the  lower  Great  White-Ash  coal,  which  at  Silver  Creek  bends  over  the  arch 
at  a  high  level  at  Guiterman's  former  workings,  does  not  much  more  than  rise  here  to  the  bed  of 
the  valley.  As  this  anticlinal  encroaches  in  going  Westward  more  and  more  upon  the  base  of  the 
Main  Mine  Hill,  it  leaves  a  less  and  less  width  and  depth  in  the  synclinals  N.  of  it,  so  that  that 
which  at  Casca  William  is  a  basin  of  some  breadth  and  capacity,  becomes,  at  Silver  Creek  and  at 
Mill  Creek,  a  mere  rolling  over,  with  more  or  less  of  fault,  of  the  prevailing  S.  dips  into  a  very  narrow 
line  of  steep  N.  ones.  As  is  very  frequently  the  case,  the  flexure  becomes  more  dislocated  as  it 
thus  contracts  in  breadth,  and  degenerates  into  a  more  sharply-pinched  fold. 

Anticlinal  E,  or  Casca  William  Diamond  and  Northern  St  Clair  Axis.  —  The  next 
anticlinal  which  presents  itself  in  order  Southward  is  one  of  less  length  and  of  gentler  dips. 
Our  first  indications  of  it  to  the  E.  are  in  the  watershed  between  Bushy  and  Casca  William 
valleys.  No  N.  dips  at  the  first  named  of  these  valleys  indicate  its  existence  so  far  E. 
This  axis  passes  Casca  William  Valley  about  200  feet  to  the  N.  of  the  Slope  Mine  on  the  South 
Diamond  coal,  holding  the  Diamond  group  above  the  water-level  of  the  district,  from  thence  to 
Silver  Creek,  where  the  coal  called  the  Big  or  North  Diamond  arches  the  axis,  to  rise  again 
immediately  behind  it,  and  outcrop  with  its  prevailing  dip  to  the  S.  The  line  of  the  saddle 
crossing  Silver  Creek  passes  directly  under  the  Public  School-house,  and  thence  through  the 
watershed,  dividing  Silver  Creek  from  Zachariah's  Run,  into  which  valley  it  descends  along  a 
ravine  leading  down  to  Windy  Harbour.  From  this  point  the  flexure  seems  to  decline  to  the 
Westward,  though,  by  its  obliquity  of  direction  as  respects  the  general  range  of  the  coal-basin,  it 
causes  lower  coals  instead  of  higher  ones  to  saddle  in  succession  as  it  passes.  Thus  reaching  the 
vicinity  of  Crow  Hollow,  it  enters  the  district  of  the  large  upper  White- Ash  coal  or  Mammoth 
bed,  where  this  is  mined  at  and  below  the  water-level;  and  it  is  the  cause  of  the  great  and 
sudden  change  in  the  course  of  the  gangways  or  levels  of  the  mines  in  that  vicinity,  which, 
leaving  their  Eastward  trend,  swing  Southward  to  pass  round  this  flexure.  Approaching  Mill 
Creek,  the  anticlinal  passes  under  the  swell  of  hills  S.  of  Milne's  Slopes,  undulating  here  the  Big 
Vein  in  which  it  crosses  the  valley,  to  disturb  the  gentle  Southward  dip  of  the  overlying  Prim- 
rose Seam  on  the  opposite  side,  or  to  the  W.  of  St  Clair. 

Of  the  Basin  C  D,  or  that  bet  ween  the  Main  Mine  Hill  and  the  South  Mine  Hill. — This 
basin,  lying  immediately  N.  of  the  axis  just  described,  embraces  at  Tuscarora,  and  thence  West- 
ward to  near  Big  Creek,  as  we  have  seen,  two  subordinate  saddles,  or  two  chains  of  short 
interrupted  saddles,  undulating  the  lower  Red-Ash  Coal-measures.  But  at  Big  Creek,  and 
from  thence  Westward,  by  virtue  of  the  rising  of  the  main  axis  of  East  Mine  Hill,  and ,  the 
consequent  lifting  of  the  general  basin,  the  Red-Ash  coals  are  thrown  out,  except  near  the  S. 
side  of  it,  in  the  vicinity  of  that  stream,  and  as  far  perhaps  as  Whitfield's ;  and  beyond  this 
latter  locality  to  the  Casca  William  Tunnel,  it  is  doubtful  if  any  but  the  Grey- Ash  group  are 
retained  in  the  centre  of  the  trough,  while  the  uppermost  coal  left  in  the  valley  to  the  Westward 
of  that  tunnel  is  probably  the  upper  Big  White- Ash  seam.  At  Silver  Creek,  not  only  this  seam, 
but  all  the  underlying  beds  until  we  reach  the  large  one  called  Guiterman's,  have  been  lifted 
and  washed  out  from  the  contracted  trough  ;  and  at  Mill  Creek  it  retains  nothing  higher  than 
Johns'  large  bed,  the  equivalent,  as  we  conceive,  of  the  large  seam  over  Guiterman's  of  Silver 
Creek,  and  there  called  Chadwick's. 
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Basin  of  Anticlinals  D  and  E. — To  understand  the  structure  and  contents  of  the  basin  at 
the  S.  foot  of  the  S.  ridge  of  Mine  Hill  from  Casca  William  to  Mill  Creek,  it  is  only  necessary 
to  consult  and  compare  the  several  Sections  which  illustrate  the  region  of  this  group  of  axes, 
and  to  observe  that,  in  consequence  of  the  greatly  superior  elevation  and  sharpness  of  the  N. 
anticlinal  J),  compared  with  the  S.  one  E,  the  two  sides  of  the  trough  are  of  very  unequal 
breadth  and  capacity  as  respects  the  coals  elevated  above  the  water-levels.  The  S.  or  lesser 
flexure  operates,  in  fact,  merely  to  undulate  the  upper  strata  of  this  basin  in  their  descent 
towards  the  South,  or  to  check  and  turn  their  prevailing  S.  dips  for  a  brief  space  into  N.  ones. 
Thus  at  Casca  William  Valley,  from  the  anticlinal  D  to  the  synclinal  turn  or  axis,  we  have,  in 
the  space  of  some  1400  feet,  all  the  coals  presented  in  a  gradually-declining  dip  from  the  large 
White-Ash  seam  to  the  Big  or  North  Diamond  ;  while  from  the  synclinal  line  to  the  anticlinal 
E  we  have  only  a  space  of  about  150  feet,  and  no  return  of  any  of  these  coals  to  the  surface, 
except  the  uppermost  or  North  Diamond  itself.  On  Silver  Creek  we  meet  with  even  a  greater 
disparity  in  the  number  of  the  beds  presented  on  the  two  sides  of  the  synclinal,  the  Northern, 
embracing  the  whole  series  of  coals  from  the  Guiterman  bed,  low  down  in  the  White- Ash 
measures  to  the  North  Diamond  of  the  Eed-Ash  ;  whereas  the  Southern,  precisely  as  at  Casca 
William,  re-elevates  only  the  uppermost,  which  is  here  the  North  or  Big  Diamond.  From  the 
Northward  trend  of  the  basin,  and  its'  entering  belts  of  lower  and  lower  coals,  we  find  it  to 
contain,  on  Mill  Creek,  at  or  near  the  water-level,  only  the  White-Ash  Mammoth  seam,  and  the 
overlying  Grey-Ash  Primrose,  and  its  companion  beds. 

In  different  parts  of  this  valuable  synclinal  range,  the  simplicity  of  the  synclinal  structure  is 
interrupted  by  an  occasional  anticlinal  roll,  or  short  local  saddle.  One  such  is  encountered  just 
S.  of  the  Casca  William  White- Ash  Slope,  and  ranges  for  some  distance  parallel  to  the  foot  of 
the  spur  of  South  Mine  Hill ;  but  this  undulation  seems  to  smooth  itself  out  before  we  reach 
Silver  Creek,  or  even  a  point  opposite  the  head  of  the  Lick  Run  Ravine.  In  the  same  part  of 
the  basin  there  are  indications,  from  the  course  of  the  outcrop  of  the  Diamond  coals,  of  a  similar 
trivial  axis  South  of  the  preceding.  In  the  vicinity  of  Mill  Creek,  a  broad  gentle  saddle  of  this  sort 
arches  the  upper  White-Ash  coal,  or  the  so-called  Mammoth  Vein,  and  near  that  valley  even 
exposes  by  denudation  an  arch  of  the  main  Nut-conglomerate  stratum  which  supports  that 
coal.  The  position  of  this  anticlinal  is  a  few  hundred  feet  S.  of  Johns'  Breaker.  The  highest 
coal  which  it  elevates  is  a  small  seam  next  under  the  Mammoth  bed.  This  has  been  experi- 
mentally shafted  just  under  the  crown  of  the  flat  symmetrical  arch.  The  evidence  presented  by 
various  trial-shafts  sunk  on  the  flank  of  this  ridge  goes  to  indicate  that  the  next  subjacent  coal- 
bed,  the  great  White-Ash  seam  worked  by  Johns,  is  at  or  very  near  the  surface  in  the  line  of 
the  anticlinal.  How  far  this  saddle  ranges  to  the  E.  has  never  been  determined  ;  but  notwith- 
standing the  exploratory  diggings  undertaken  here  by  diSerent  parties,  the  coal  within  this 
saddle  has  not  been  satisfactorily  traced,  or,  if  ascertained,  has  not  yet  been  divulged.  That  the 
saddle  expires  in  a  length  of  perhaps  half  a  mile  seems  probable,  from  the  most  careful  study 
which  we  have  been  able  to  give  it.  This  flexure  is  felt  to  a  less  extent  on  the  W.  side  of  the 
valley  of  Mill  Creek,  flattening  and  extending  the  breast  of  Pinkerton's  Mammoth  Vein  between 
its  outcropping  and  the  level  of  the  valley. 

Anticlinal  F,  the  Patterson  and  St  Clair  Axis. — We  now  come  to  another  and  leading 
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anticlinal,  extending  the  whole  way  from  the  vicinity  of  Tuscarora  to  Mill  Creek  and  East  Nor- 
wegian. It  seems  to  originate  in  the  shoulder  of  Sharp  Mountain,  E.  of  the  depression  opposite 
Beachem's  Lower  Tunnel,  and  it  ranges  thence  by  the  Schuylkill  and  a  little  S.  of  Patterson,  where 
both  its  N.  and  its  S.  dips  are  easily  discoverable.  From  Patterson  we  may  trace  the  line  of  this 
anticlinal  through  the  De  Long  tract,  and  across  the  Bushy  Valley,  where  it  arches  the  Adam  Stahl 
coal-bed,  and  again  past  the  valley  of  Casca  William,  where  it  seems  to  lift  to  a  higher  level  the 
same  coal-bed.  From  Casca  William  we  have  traced  it  through  Lick  Run,  where  it  passes  N.  of 
the  massive  bed  of  lower  conglomerate  exposed  on  the  old  railroad  above  the  most  Northern  of  the 
Mine  Drifts  of  that  valley.  It  ranges  to  Silver  Creek  through  Quigley's  Hollow,  and,  crossing 
the  hill  W.  of  this,  appears  at  the  main  valley  of  Silver  Creek  as  the  anticlinal  which  rises  on 
the  centre  of  the  double  fold  of  conglomerate  cut  by  Tucker's  Switch-back  railroad.  On  the  W. 
side  of  Silver  Creek  it  is  to  be  detected  in  the  low  spur  which  is  next  S.  of  the  ridge  sustaining 
the  School-house,  and,  rising  and  expanding  Westward,  it  comes  out  on  Zachariah's  Run  just  to 
the  N.  of  the  folded  synclinal  coal-bed  of  Windy  Harbour.  Though  some  obscurity  attends  the 
detailed  tracing  of  this  axis  for  some  distance  further  forward,  our  researches  leave  but  little 
room  to  doubt  that  this  is  the  anticlinal  of  the  N.  base  of  the  spur  which  separates  Crow  Hollow 
from  Ravensdale,  and  which  is  met  with  in  the  N.  end  of  Ravensdale  Tunnel  in  the  form  of  an 
inverted  flexure,  doubling  the  Primrose  Vein  backward  under  itself  At  Mill  Creek  it  is  trace- 
able by  the  saddle  which  passes  a  little  N.  of  the  line  of  Carey's  Shaft,  and  which  there  lifts  the 
Primrose  Coal  to  its  shallow  position  in  that  shaft,  throwing  out  the  Orchard  Vein  altogether  from 
the  low  grounds  to  the  N.  of  the  hill.  From  Patterson  to  Silver  Creek  this  flexure  is  of  a  normal 
form,  or  but  moderately  compressed ;  but  Westw^ard  it  seems  to  be  more  closely  folded,  the 
inflexion  reaching  to  a  strong  reversal  of  the  dip  in  the  Ravensdale  Tunnel.  Beyond  this  point 
it  rights  itself,  and  rapidly  dilates  and  subsides,  until  at  Mill  Creek  and  East  Norwegian  it 
is  but  a  gentle  and  symmetrical  undulation,  scarcely  noticeable  as  a  part  of  a  great  leading 
anticlinal. 

Coal  lifted  by  Axis  F. — Adverting  now  to  the  coal-beds  which  this  anticlinal  makes 
accessible  at  the  surface,  we  may  mention  that  the  Adam  Stahl  Vein,  brought  out  by  it  on  the 
De  Long  and  Bushy  tracts,  is  in  all  probability  one  of  the  seams  of  the  middle  Red-Ash  series 
somewhere  above  the  upper  Diamond,  but  by  how  many  terms  separated  it  is  not  possible  to 
say.  On  Silver  Creek  this  axis  brings  above  the  water-level  of  that  valley  about  the  fifth  coal 
above  the  Big  or  North  Diamond  inclusive,  and,  at  Zachariah's  Run,  most  probably  the  second 
coal  below  this  fifth,  or  possibly  the  South  Diamond.  At  Ravensdale  and  Crow  Hollow  the 
coal  which  saddles  the  axis  is,  as  we  have  seen,  the  Primrose ;  while  on  the  W.  side  of  Mill  Creek, 
as  already  shown,  it  throws  out  the  Orchard,  and  brings  the  still  subjacent  Primrose  nearly  to 
the  surface. 

The  D  F  and  E  F  Basin,  or  that  of  Patterson  and  St  Clair. — From  Beachem's  Mines,  in 
Sharp  Mountain,  to  the  Bushy  Valley,  there  is  but  one  basin  embraced  between  the  anticlinals 
F  and  D,  if  we  except  a  local  subdivision  of  this  to  the  Eastward,  arising  from  the  intrusion  of 
the  short  saddle  d  ;  and  the  general  synclinal  line  of  this  comparatively  broad  field  ranges  a  little 
to  the  N.  of  Patterson,  the  axis  of  the  trough  being  visible  on  the  road  between  Beachem's  Lower 
Tunnel  and  the  village  of  Brockville.    But  from  Casca  William  Creek  to  Mill  Creek  the  intro- 
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duction  of  the  axis  E  greatly  narrows  the  basin  lying  to  the  N.  of  our  anticlinal  F,  the  average 
breadth  of  which  nowhere  anaounts  to  more  than  from  800  to  1000  feet.  From  Patterson,  as 
far  Westward  as  Casca  Wilham,  the  middle  Red- Ash  coals  evidently  lie  within  the  synclinal 
belt,  and  at  Silver  Creek  we  have  the  fifth  above  the  North  Diamond  inclusive,  the  same  which 
spans  the  axis  S.  Even  as  far  as  Ravensdale  and  Crow  Hollow  the  Diamond  coals  are  embraced 
within  this  basin — at  least  they  bear  this  name  there — and  the  coals  actually  belonging  to  it 
cannot  be  far  from  the  Lower  Diamond.  It  is  not  till  we  come  to  Mill  Creek  that  all  the  Red- Ash 
coals  are  lifted  out  of  the  now  narrow  and  shallow  trough,  and  that  the  Grey- Ash  seams,  the  Prim- 
rose and  Orchard  beds  only,  are  left  undenuded  in  its  gentle  synclinal  wave.  It  is  into  this  basin 
that  the  Casca  William  Red-Ash  slope  on  the  South  Diamond  penetrates,  and  it  is  this  which 
contains  on  Silver  Creek  the  North  and  South  Diamond  slopes  of  Mr  Neill.  In  this  basin  the 
Mammoth  Vein,  held  up  by  the  anticlinal  E,  is  entered  at  Crow  HoUow  by  Silliman's  Water-Level 
Tunnel,  and  this  is  the  basin  of  the  present  lower  slope-workings  of  the  Mammoth  Vein  both  E. 
and  W.  of  Mill  Creek.  Carey's  Shaft  penetrates  to  that  vein  at  a  depth  of  400  feet,  in  the  basin 
next  to  the  S.  of  this,  or  that  which  we  have  called  F  G,  but  the  anticlinal  F  being  here  a  very 
gentle  one,  no  obstacle  of  importance  will  be  presented  to  the  working  of  this  valuable  coal-bed 
from  the  one  basin  into  the  other. 

Subordinate  Anticlinals  d  and  d  d. — The  basin  on  the  N.  of  our  anticlinal  F  contains,  as 
already  mentioned,  a  short  saddle,  which,  from  its  lying  most  contiguous  to  the  axis  D,  is  entitled 
D.  This  is  a  sharp  or  compressed  axis,  running  from  the  Schuylkill,  where  it  first  shows  itself 
about  half  a  mile  below  Tuscarora,  for  about  one  mile  to  the  Westward,  crossing  the  Potts\dlle 
Road  a  few  hundred  yards  to  the  N.E.  of  Brockville.  It  is  the  saddle  to  which  belongs  the  per- 
pendicular or  slightly-inverted  dips  at  Chadwick's  Little  Breaker,  the  anticlinal  axis  being  obvi- 
ously but  a  short  distance  to  the  S.  of  this :  the  N.  dips  seen  on  the  road  N.E.  of  Brockville  are 
also  connected  with  it. 

The  Basin  composed  of  these  N.  dips  of  the  saddle,  and  the  gentler,  though  still  steep  ones 
of  the  anticlinal  D  north  of  it,  is  that  in  which  Chadwick  has  recently  opened  a  small  colliery 
in  one  of  the  Red-Ash  veins,  basining  at  the  centre  under  the  water-level ;  but  of  what  precise 
coal  of  the  series  this  is  the  equivalent,  the  imperfect  developments  of  the  coal-field  preclude  us 
from  ascertaining. 

Saddle  d  d. — There  is,  iu  the  N.  part  of  the  Bushy  Valley,  a  small  saddle  about  the  middle  of 
the  synclinal  belt  D  F,  on  the  parallel  of  the  lower  Red-Ash  coals,  which,  for  facility  of  reference, 
we  may  call  d  d.  It  has  not  been  traced  any  distance  either  E.  or  W.  of  the  valley,  and  we 
only  know  that  it  is  an  important  local  disturbance  of  the  Coal-measures. 

Axis  G — Anticlinal  of  the  Silver  Creek  Switch-hacJc  Railroad  and  of  South  St  Clair. — 
This  is  an  anticlinal  axis  holding  a  distance  of  from  800  to  1000  feet  S.  of  the  long  axis  F,  which 
it  does  not,  however,  seem  to  accompany  much  further  Eastward  than  Silver  Creek  or  Lick  Run. 
It  is  possible  that  it  may  cross  Lick  Run,  though  the  exposures  and  developments  are  there  too 
obscure  to  enable  us  to  decide  positively  respecting  its  existence.  The  magnitude  of  this  flexure  on 
Silver  Creek  would  seem  to  imply  that  it  is  there  already  a  considerable  distance  from  its  com- 
mencement. It  crosses  Silver  Creek  S.  of  Quigley  Hollow,  and  a  little  N.  of  the  great  bend  of  the 
Silver  Creek  Switch-back  Railroad,  and  on  the  W.  side  passes  just  N.  of  the  Slope  Colliery  of  the 
Diamond  or  Gin  Vein.  It  crosses  Zachariah's  Run  through  the  deep  ravine  which  separates  the  two 
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synclinals  of  coal,  and,  traversing  the  watershed  between  this  valley  and  that  of  Ravensdale, 
where  it  lifts  the  Little  Perpendicular  Vein,  so-called,  it  passes  across  Crow  Hollow,  and  so  on  to 
Mill  Creek,  where  it  folds  the  Hancock  Vein  northward  over  upon  itself,  and  supports  the  Big 
Diamond  coal  upon  its  S.  dip. 

In  the  district  of  Silver  Creek  this  is  a  normal  flexure,  steep  on  its  N,  side.  But  it  becomes 
an  inverted  or  folded  one  as  it  advances  Westward  as  far  at  least  as  Mill  Creek.  On  Zacha- 
riah's  Run  and  Ravensdale  we  see  it  connected  with  perpendicular  N.  dips,  and  at  Mill  Creek, 
as  already  intimated,  it  folds  back  the  Hancock  Coal  far  over  upon  itself. 

The  coals  elevated  to  the  water-level  of  the  first  valleys  intersected  by  this  axis  are  consider- 
ably lower  in  the  series  than  those  brought  up  by  the  neighbouring  anticlinal  F.  They  are  the 
same,  indeed,  on  Silver  Creek  as  are  lifted  out  by  the  axis  E — in  other  words,  the  Lower  Diamond 
Veins.  And  this  is  very  nearly  the  relation  of  things  on  Zachariah's  Run.  From  the  structure 
visible  on  Mill  Creek,  as  exemplified  in  our  section,  where  we  make  the  Orchard  Coal  identical 
with  the  Hancock  and  the  Lower  Diamond,  this  axis  lifts  very  nearly  the  same  Coal-measures, 
which  are  there  elevated  by  the  adjoining  axis  F,  and  not  by  the  remote  one  E,  which  has  nearly 
subsided. 

Basin  F  G. — From  the  superior  force  of  the  anticlinal  G  compared  with  F,  in  their  range 
from  Silver  Creek  to  Mill  Creek,  the  basin  embraced  between  these  axes  presents  a  feature  the 
reverse  of  the  trough  E  F,  and  the  wider  one  D  E.  In  the  present  instance,  the  synclinal  line  is 
much  nearer  the  N.  axis  than  the  S.  one ;  and  as  a  consequence,  the  N.  dips  from  the  anticlinal 
G  greatly  preponderate  over  the  S.  ones  connected  with  the  axis  F.  Hence  it  is  that  on 
Silver  Creek  there  are  five  nearly  perpendicularly-dipping  coal-beds  on  the  S.  side  of  this  trough, 
opposed  by  only  a  single  South-dipping  bed,  the  uppermost  of  course,  of  these  five,  on  the  N. 
side  ;  and  such  is  very  nearly  the  condition  of  things  on  Zachariah's  Run.  We  have  already  inti- 
mated that  on  Mill  Creek,  where  this  is  a  folded  synclinal,  the  Hancock  or  Big  Diamond,  which 
is  an  inverted  seam,  is  that  which  is  involved  in  the  fold. 

Anticlinal  H — thai  of  Sillimanville  and  Mill  Creek  Furnace. — This  is  an  important  anti- 
clinal, extending  the  entire  distance  from  Sillimanville  to  the  East  Norwegian,  and  even  further 
and  is  interesting  as  being  the  axis  which  limits  on  the  N.  the  greatly  prolonged  and  remarkably 
folded  synclinal  belt  of  the  Peach  Mountain  coal-vein.  From  its  apparent  origin,  a  little  W.  of 
Sillimanville  to  Silver  Creek,  the  line  of  the  axis  is  very  slightly  concave  Southward  ;  but  from 
that  stream  W.  it  is  remarkably  straight.  This  anticlinal  is  first  plainly  recognised  E.  of  Bushy 
Valley  in  Bennett's  Upper  Peach-Mountain  Vein,  where  an  air-hole  has  been  pierced  from  the 
mine  to  the  surface,  immediately  on  the  axis.  It  is  the  saddle  of  the  hill  immediately  N.  of 
the  junction  of  Bushy  with  Casca  William  valleys,  and  the  hill  N.  of  the  Old  Valley  Furnace  on 
Silver  Creek,  the  crest  of  which  it  follows  over  to  Zachariah's  Run,  where  the  arch-like  character  of 
the  flexure  is  well  exhibited  at  the  cutting  of  the  Old  Drift  Road  south  of  the  Gin  and  Perpendicular 
veins,  a  conglomeritic  sandstone  there  spanning  the  axis  in  a  symmetrical  saddle.  It  is  equally 
well  exhibited  on  Silver  Creek  ;  but  the  dense  small  vein  of  conglomerate  there  seen  in  it  is 
higher  than  that  of  the  axis  on  Zachariah's  Run  by  several  coal-beds.  We  meet  with  it  on 
Ravensdale,  in  a  bold  hill  S.  of  the  mine  there  wrought  in  the  folded  synclinal  of  that  valley. 
Maintaining  fibs  course  in  the  same  belt  of  hills,  it  ranges  across  Crow  Hollow  under  similar 
features  and  relations  to  the  steep  strata  immediately  N.  of  it,  passing  through  the  watershed 
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which  separates  that  valley  from.  Mill  Creek.  From  Crow  Hollow  to  the  East  Norwegian  it 
everywhere  holds  its  station  in  the  S.  summit  of  the  double-topped  broad  hill  visible  on  both 
sides  of  Mill  Creek,  where  it  is  the  axis  to  which  belong  the  steep  N.  dips  of  the  so-called 
Perpendicular  Vein,  a  little  N.  of  Patterson's  Furnace.  This  anticlinal  is  remarkable,  throughout  its 
whole  course  until  we  reach  East  Norwegian  Valley,  for  the  great  steepness,  even  to  perpendicular, 
of  the  dips  on  its  N.  side,  and  for  the  relative  gentleness  of  the  dips  upon  its  S.  Even  to  the  E. 
of  Bushy  Valley,  the  quarter  of  its  assumed  place  of  origin,  the  N.  side  of  the  wave  is  almost  per- 
pendicular ;  and  not  till  we  reach  East  Norwegian,  where  it  begins  to  subside,  does  it  assume  the 
gentler  form  of  a  symmetrical  saddle.  At  M'^Ginnes's  Shaft  and  Boring,  sunk  abortively  on  this 
axis  in  the  vain  expectation  of  finding  the  large  Mammoth  White- Ash  coal  of  the  Mine  Hill 
approaching  the  surface  within  an  accessible  distance,  the  N.  and  S.  dips  are  both  about  48°  or 
50°.  In  this  closely-compressed  character  of  the  flexure  towards  its  E.  end,  and  its  subsidence 
W.,  we  find  it  to  agree  with  all  the  anticlinals  to  the  N.  of  it,  where  they  are  traced  to  their 
terminations  ;  and  we  are  forcibly  impressed  with  the  conviction  that  they  all  owe  the  feature  to 
one  condition  attending  their  formation — viz.,  to  the  remarkable  thrusting  forward  to  the  N.  of  the 
part  of  the  general  coal-basin  to  the  E.  of  Middleport,  or  what  is  an  equivalent  view,  to  the  closer 
compression  in  that  quarter  of  the  general  synclinal  trough  of  the  coal-field  from  the  intrusion 
from  the  E.  of  two  large  anticlinal  waves  from  the  country  outside  of  the  valley.  The  Section 
will  give  the  names  of  the  coals  at  this  axis  on  Bushy,  Casca  Wilham,  Silver  Creek,  Zachariah's 
Run,  Ravensdale,  Mill  Creek,  &c. 

Coals  lifted  hy  Axis  II. — Adverting  to  the  particular  Coal-measures  which  are  elevated 
successively  along  the  line  of  this  extensive  anticlinal,  we  find  that  they  are  very  nearly  the  same 
for  the  whole  distance  from  Bushy  Valley  to  that  of  East  Norwegian.  In  general  terms,  the 
coals  which  it  produces  at  the  water-level  of  the  valleys,  which  successively  intersect  it,  are 
usually  in  position  five  or  six  seams  under  the  Main  Peach  Mountain  bed,  or  those  that  appertain 
to  the  middle  Eed-Ash  group.  It  is  true,  they  bear  various  local  designations  in  the  various 
valleys  where  they  have  been  mined,  but  it  is  one  of  the  fruits  of  the  patient  researches  con- 
nected with  this  Survey,  that  we  have  made  their  general  identity  clear.  The  exact  relationships 
of  the  coal-beds  brought  up  by  this  anticlinal  at  its  intersection  by  the  different  valleys  will 
be  readily  gathered  from  a  comparison  of  the  cross  sections  of  the  basin,  and  of  the  table  of 
synonyms  of  the  difierent  coal-seams. 

Basin  II F  and  H  G. — From  near  the  Schuylkill  Valley  almost  to  Silver  Creek  the  basin 
lying  N.  of  the  axis  H  is  limited  by  the  axis  F.  The  highest  coal-beds  embraced  by  it  at  the 
passage  of  Casca  William  Creek  are  the  near  equivalents  of  the  Peach  Mountain  Seam — most 
probably  those  next  above  it,  as  our  Section  wiU  show  ;  but  on  Silver  Creek,  w-here  the  basin  is 
narrowed,  and  these  upper  coals  are  lifted  ofi"  by  the  introduction  of  the  axis  G,  the  highest 
strata  preserved  in  it  embrace  coal-beds  which  are  three  or  four  in  order  underneath  the  Peach 
Mountain,  or  those  about  the  horizon  of  the  Adam  Stahl  Vein  of  Casca  William  and  Bushy. 
We  thus  perceive  that  the  trough  immediately  N.  of  the  anticlinal  H,  from  Silver  Creek  Avest- 
ward  to  the  Norwegians,  contains  an  essentially  lower  group  of  coals  than  the  wider  trough  H  F, 
stretching  from  Lick  Run  eastward  ;  and  as  we  advance  to  the  Westward,  we  find  the  coals 
belonging  to  the  trough  to  be  a  little  lower  in  position  on  Mill  Creek  and  East  Norwegian  than 
on  Silver  Creek  and  Zachariah's  Run.   They  are  there,  in  fact,  the  Diamond  coals,  which,  in  the 
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two  last-named  vaUeys,  characterise,  as  we  have  seen,  the  second  basin  N.  of  this,  or  that  of  the 
anticlinals  E  and  F.  And  thus,  as  we  proceed  still  further  along  the  synclinal  of  H  and  G,  the 
upper  coals  are  successively  thrown  out,  until  at  last,  on  the  West  Branch  and  on  Wolf  Creek, 
only  the  Grey-Ash  and  upper  White- Ash  beds  are  preserved  from  denudation.  This  change  of 
the  Coal-measures  along  the  line  of  the  same  trough  is  a  necessary  consequence,  as  already 
intimated,  of  the  obliquity  of  the  undulations  to  the  general  N.  border  of  the  coal-field. 

From  Bushy  Valley  to  Lick  Run,  the  synclinal  line  of  the  basin  N.  of  the  anticlinal  H  is,  in 
virtue  of  the  steepness  of  the  N.  side  of  that  axis,  much  S.  of  the  middle  of  the  belt ;  but  at 
Silver  Creek,  and  thence  AVestward,  the  introduction  in  the  middle  of  this  belt  of  the  separate 
anticlinal  G  alters  the  structure  of  things,  and  by  the  comparative  feebleness  of  the  flexure  G, 
places  the  synclinal  belonging  to  the  N.  dips  of  H  on  the  N.  side  of  the  now  contracted  trough. 
This  is  its  position  as  long  as  the  axis  H  preponderates  over  G,  but  when,  as  on  the  W.  of  Mill 
Creek,  the  latter  becomes  the.  sharpest  and  highest,  the  synclinal  between  them,  as  a  consequence, 
lies  closest  to  the  opposite  or  S.  side,  and  this  will  represent  a  general  law  for  the  position  of  the 
synclinal  lines  to  the  anticlinals  which  enclose  them.  The  anticlinal  H,  the  influence  of  which 
we  have  been  tracing,  forms  throughout  its  whole  length  the  N.  boundary  of  the  well-maintained 
basin  of  the  Tracey  and  Peach  Mountain  coals  ;  and  to  the  consideration  of  this  basin,  and  of  the 
axis  which  marks  its  S.  limit — or,  in  other  words,  the  Peach  Mountain  range,  as  it  is  sometimes 
called — I  propose  now  to  proceed. 

Peach  Mountain  Synclinal  Belt. — This  belt,  when  first  clearly  discerned,  is  marked  by  a  simple 
synclinal  structure  of  remarkable  persistency.  This  is  first  visible  on  the  high  ground  W.  of 
Sillimanville,  between  that  place  and  Bushy  Creek,  where  it  presents  the  character  of  an  open 
and  shallow  trough,  lying  immediately  S.  of  the  anticlinal  which  was  wrought  by  an  air-shaft  on 
both  the  dips  by  Mr  Bennett.  This  synclinal  is  intersected  by  the  Bushy  Creek  and  Casca 
William  Railroad,  a  little  above  their  j  unction,  where  the  peculiar  sandstone  and  conglomerate, 
forming  the  base  of  the  Peach  Mountain  group,  are  seen  well  exposed  in  gentle  N.  and  S. 
dips  on  the  opposite  sides  of  the  basin.  Traced  towards  the  W.,  the  basin  becomes  closer  and 
deeper,  and  on  Lick  Run  assumes  the  form  of  a  steep  synclinal  or  V,  in  which  the  measures  are 
vertical  on  the  S.  side,  and  dip  moderately  towards  the  S.  on  the  opposite  side  of  the  basin. 
Here  a  seam  of  coal  has  been  mined  by  Mr  Robinson  within  the  trough,  and  on  both  dips  of  the 
synclinal.  ^ 

The  basin  becomes  more  closely  folded  as  it  extends  Westwardly  ;  and  on  Silver  Creek,  a  little 
above  the  Old  Valley  Furnace,  is  seen  to  have  this  structure  in  a  very  remarkable  degree.  Here 
the  two  sides  of  the  trough  are  closely  folded  together  ;  the  pebbly  sandstone  forming  the  bottom 
of  the  Peach  Mountain  basin  is  thrown  on  the  S.  side  into  an  inverted  dip  in  correspon- 
dence with  the  general  inversion  of  the  measures  for  some  distance  S.  of  the  basin,  and  thus  both 
sides  of  the  basin  dip  towards  the  S.  in  nearly  parallel,  but  slightly  diverging  planes,  at  an  angle 
of  about  40°,  as  exposed  a  little  W.  of  the  furnace.  The  slates  and  shales  which  separate  the 
chief  coal-seam  of  the  group  from  the  underlying  sandstone  are  similarly  folded,  and  enclose 
between  them  this  coal-seam,  which  is  seen  to  be  doubled  upon  itself,  and,  as  might  be  expected,  is 
greatly  compressed  and  in  a  crushed  and  faulty  condition.  On  the  open  high  ground  E.  of  this 
exposure  on  Silver  Creek,  the  two  limbs  of  the  synclinal  may  be  traced  by  two  parallel  lines  of 
shafting  which  extend  Eastward  to  the  workings  in  Lick  Run.    The  upper  bed  of  the  hiU  marks 
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the  N.  outcrop  of  the  conglomerate  sandstone  at  the  bottom  of  the  Peach  Mountain  group,  which 
here  dips  towards  the  S.;  and  the  S.  margin  of  the  basin  is  indicated  by  the  perpendicular  and 
inverted  dips  of  the  rocks  which  form  the  N.  part  of  the  anticlinal  adjoining  the  basin  on  the  S. 
These  are  well  seen  on  the  road  leading  from  the  Furnace  to  Lick  Eun,  where  it  descends  in  a 
somewhat  Northerly  course  into  the  valley  of  the  latter.  After  passing  towards  the  S.  obliquely 
over  the  folded  measures  of  the  anticlinal  in  question,  and  across  the  axis-line  itself,  this  road 
curves  onward  again  towards  the  N.,  and  as  it  descends  to  the  valley  of  Lick  Eun  discloses  the 
rocks  of  the  N.  side  of  the  adjoining  anticlinals  in  nearly  vertical  dips.  On  Silver  Creek  the 
Peach  Mountain  coal  is  mined  on  the  W,  side  of  the  valley  by  Capewell,  Dovey,  and  Southall. 

In  these  workings  vre  find  that  the  synclinal  structure  is  accompanied  by  a  dislocation  or 
fault ;  the  Northern  or  South-dipping  limb  of  the  synclinal  is  prolonged  downwards  below  its 
intersection  with  the  Southern  limb,  here  called  the  Perpendicular  Vein,  giving  to  the  two 
together  a  form  somewhat  like  that  of  the  letter  Y.  This  may  be  conceived  to  have  arisen  from 
a  fracture  at  the  bottom  of  the  V,  accompanied  by  an  upthrow  of  the  S.  side  of  the  trough. 

The  zone  of  the  N.  dips  is  much  narrower  than  that  of  the  S.  dips,  a  feature  due.  Eastward, 
to  the  nearly  vertical  stratification  of  the  Sharp  Mountain,  and  the  abruptness  of  the  anticlinal, 
together  with  its  general  depression  as  compared  with  the  crest  of  Locust  Mountain.  Prolonged 
in  the  same  general  direction,  and  with  the  same  structural  features,  the  Peach  Mountain  basin 
may  be  traced  across  the  watershed  to  Zachariah's  Eun,  where  a  South-dipping  and  a  perpendi- 
cular vein  have  been  opened  in  it,  forming  the  synclinal  basin. 

From  Zachariah's  Eun  the  synclinal  may  be  traced  across  the  hills  to  Eavensdale  and  Crow 
Hollow,  and  thence  to  the  E.  side  of  Mill  Creek,  by  an  irregular  but  observ^able  depression 
of  the  surface  lying  a  little  N.  of  the  line  of  the  anticlinal  already  mentioned.  In  the  interval 
between  Zachariah's  Eun  and  Eavensdale,  the  basin  loses  its  folded  structure,  becomes  wider, 
and  towards  the  S.  edge  includes  an  anticlinal  roll  or  subordinate  axis  within  its  limits. 
These  are  its  features,  as  observed  a  little  N.  of  Singley's,  and  in  its  course  thence  to  the  Eavens- 
dale Hollow.  Here  sandstone  and  conglomerate,  underlying  the  Peach  Mountain  coal,  may  be 
well  seen  a  few  hundred  feet  S.E.  of  Mr  Dovey's  dwelling,  dipping  always  to  the  S.,  and  again 
on  the  side  of  the  railroad,  a  short  distance  towards  the  S.,  with  the  opposite  or  N.  dip.  Between 
Zachariah's  Eun  and  this,  the  Peach  Mountain  coal  has  been  shafted  on  in  many  places,  and 
at  certain  points  has  been  partially  mined. 

The  measures  next  below  those  of  the  Peach  Mountain  group — viz.  the  Tracey  conglomerate 
and  slate — show  themselves  on  the  E.  side  of  MiU  Creek  in  a  synclinal  form  at  the  junction  of 
the  main  road  with  a  lateral  road  to  Crow  Hollow.  On  the  W.  side  of  the  vaUey  the  basin 
extends  along  the  depression  through  which  the  road  from  East  Norwegian  runs  Eastward 
towards  MiU  Creek.  Here  may  be  seen  the  cropping  of  the  Peach  Mountain  coal,  both  on  its 
N.  and  S.  dips,  in  a  very  narrow  and  shallow  basin,  the  N.  margin  of  which  lies  a  little  S.  of 
the  position  of  the  Summit  Tavern.  The  anticlinal  detected  within  the  basin  between  Zachariah's 
Eun  and  Eavensdale  is  continued  across  Mill  Creek,  and  in  the  locality  now  in  view  forms  the 
ridge  immediately  S.  of  the  depression  in  which  the  Peach  Mountain  coal  occurs.  The  S.  dips 
of  this  anticlinal  are  very  gentle,  giving  to  it  the  character  of  a  mere  undulation  on  the 
N.  flank  of  the  great  anticlinal  which  adjoins  it  on  the  S.,  and  which  is  but  the  prolongation 
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of  tliat  already  spoken  of  as  marking  the  S.  boundary  of  tlie  Peach  Mountain  basin,  in  its 
extension  from  Casca  WilUam  towards  the  W. 

In  its  prolongation  Westward  of  this  point,  the  Peach  Mountain  belt  presents  a  more  complex 
structure,  having  the  character  of  a  chain  of  troughs  or  synclinals  in  an  oblique  parallel 
arrangement,  but  in  one  general  direction,  and  either  partly  or  wholly  separated  from  one  another 
by  interposed  anticlinals, 

PEACH  MOUNTAIN  ANTICLINALS. 

Anticlinal  I.,  or  Main  Axis  of  Peach  Mountain. — S.  of  the  folded  trough  of  the  Peach 
Mountain  coal,  at  a  distance  varying  from  400  to  600  feet,  ranges  the  leading  anticlinal  axis, 
the  first  traces  of  w^hich  towards  the  E.  we  detect  in  the  hill  S.W.  of  Milford  Tunnel.  We 
recognise  it  next  on  both  sides  of  Casca  William  Valley,  a  few  hundred  feet  S.  of  the  junction 
of  this  and  the  Bushy  Valley.  It  is  here  a  normal  anticlinal,  its  S.  dips  near  the  axis  being 
gentle,  and  the  N.  dips  only  moderately  steep.  We  encounter  the  axis  again  on  Silver  Creek 
on  the  hill  immediately  S.  of  the  old  Valley  Furnace,  and  in  the  valley  next  E.  of  this  ;  but  in 
this  vicinity,  and  Westward  the  whole  distance  as  far  as  Ravensdale,  it  has  the  structure  of  a 
folded  anticlinal,  or  one  inverting  its  Northern  dips  into  Southern  ones.  From  Ravensdale  to 
East  and  West  Norwegian,  this  axis  is  much  more  dilated,  presenting  on  its  N.  flank  but 
moderately  steep,  and  sometimes  even  gentle,  N.  dips.  AVhere  the  anticlinal  is  a  flexure  with 
inversion,  and  the  Peach  Mountain  synclinal  N.  of  it  is  necessarily  of  the  same  character,  it  is 
brought  much  nearer  to  this  latter  than  where  they  are  both  of  the  normal  or  open  form.  We 
see  them  thus  compressed  and  approximated  on  Silver  Creek  and  Zachariah's  Run.  This  axis, 
like  others  of  its  group  before  described,  observes  a  very  gently-inflected  line  of  direction, 
concave  Southward,  especially  in  the  region  of  Silver  Creek  and  Zachariah's  Run,  where  it  is 
most  closely  folded. 

The  coal-beds  lifted  to  the  water-level  of  the  country  in  the  range  of  this  anticlinal  are  for 
the  most  part  the  tw^o  or  three  immediately  subjacent  to  the  Peach  Mountain  bed— that  is  to 
say,  the  Big  and  Little  Tracey  coals,  and  the  Little  Peach  Mountain  seam  next  under  the  main 
one  :  the  lowest  of  these  three,  the  Big  Tracey,  is  exposed  in  the  axis  on  Casca  William  Creek. 
The  next  over  it,  the  Little  Tracey,  has  been  there  opened,  but  is  locally  designated  the  Clarkson 
Vein.  The  Chas.  Potts  Vein  of  that  place  is  probably  the  Little  Peach  Mountain,  and  the  Palmer 
the  Peach  Mountain  Proper.  On  Silver  Creek,  the  third  coal  beneath  the  Peach  Mountain  Vein, 
the  Big  Tracey  of  Mill  Creek  and  East  Norwegian,  is  lifted,  and  denuded  into  two  outcrops  at 
this  anticlinal ;  and  here  the  next  above  it,  or  the  Little  Tracey,  is  called  the  Chas.  Pott  Vein  on  the 
S.  side  of  the  axis  ;  and  equally  erroneously,  that  which  next  overlies  the  equivalent  of  the  Little 
Peach  Mountain  is  here  styled  the  Palmer  Vein.  The  Peach  Mountain,  on  this  S.  dip  of  its 
Silver  Creek  anticlinal,  is  in  all  probability  the  second,  possibly  the  first,  under  the  so-called 
Spohn  Vein  of  the  locality  ;  unless,  indeed,  there  is  an  interpolation  of  a  thin  bed,  in  which  case 
the  Spohn  Vein  and  the  Peach  Mountain  are  the  same  coal-seam.  This  axis,  rising  gradually  as 
it  reaches  Ravensdale  and  Mill  Creek,  brings  to  the  surface  apparently  two  or  three  coals  lower 
than  the  Big  Tracey  seam,  but,  expanding  and  flattening  in  ranging  further  Westward,  lifts  in 
the  East  Norwegian  Valley  only  the  Big  Tracey  above  the  water-level. 
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Anticlinal  i,  or  Southern  subordinate  Saddle  of  Peach  Mountain  Axis. — In  speaking  of  the 
structure  of  the  Peach  Mountain  belt  of  the  Pottsville  Basin,  it  has  been  stated  that  in  some 
districts  the  main  anticlinal  is  accompanied  by  one  or  more  parallel  subordinate  saddles,  or,  what 
is  nearly  the  same  thing,  that  the  whole  anticlinal  zone  comprehends  usually  one  long  though 
not  continuous  axis,  flanked  by  one  or  two  shorter  and  still  less  continuous  saddles.  In  the 
district  before  us  we  meet  with  one  of  these  attendant  smaller  undulations,  a  little  S.  of  the  chief 
one,  at  a  distance  of  usually  from  400  to  600  feet.  The  first  Eastern  exhibition  which  we  have 
detected  of  this  saddle  is  in  the  watershed  between  Eavensdale  and  the  brook  next  E.  of  it.  It 
is  seen  near  the  road  leading  E.  from  Eavensdale,  and  a  little  S.  of  the  junction  of  the  Eavens- 
dale and  Crow  Hollow  streams  ;  and  we  meet  with  it  again  in  the  hill  dividing  Mill  Creek 
Valley  from  East  Norwegian,  where  it  forms,  indeed,  the  main  summit  to  the  S.  of  the  Peach 
Mountain  basin.  In  its  range  W.  from  the  latter  valley,  it  is  this  axis  which  seems  to  constitute 
the  true  crest  of  the  so-called  Peach  Mountain ;  the  other  anticlinal  of  the  belt,  or  axis  I,  so 
much  more  important  than  it,  to  the  E.  of  Mill  Creek,  becoming,  in  its  more  Western  range, 
but  the  subordinate  companion  of  this  one,  forming,  indeed,  but  a  roll,  as  it  were,  upon  its 
N.  flank. 

On  Mill  Creek  and  the  East  Norwegian,  the  axis  i  lifts  out  the  Big  Tracey  coal  into  a  North 
and  a  South-dipping  outcrop,  and  it  is  by  virtue  of  the  greater  prominence  of  this  anticlinal 
here,  as  compared  with  axis  I,  that  the  Big  Tracey  coal  is  spread  out  on  the  East  Norwegian  in 
an  undulation  so  much  flatter  than  is  presented  by  any  of  the  other  coal-beds  not  thus  involved 
in  the  double  anticlinal. 


CHAPTER  V. 

SOUTHERN  COAL-FIELD  BETWEEN  TAMAQUA  AND  SILVER  CREEK,  ITS  ANTICLINALS, 

BASINS,  AND  COLLIERIES. 

Anticlinal  Axis  C. — Eesuming  our  detailed  description  of  the  flexures  of  the  coal-field  at 
the  Little  Schuylkill,  the  first  or  most  Southern  anticlinal  axis  which  we  trace  thence  is  that  of 
the  ridge  bounding  Tamaqua  on  the  S.  This  axis  is  seen  in  the  bank  of  the  Wabash,  at  a  short 
distance  above  the  spot  where  the  stream  is  crossed  by  the  railroad,  and  from  this  point  the 
anticlinal  line  appears  to  observe  an  almost  straight  course  along  the  crest  or  brow  of  the  ridge  or 
plateau  S.  of  the  Wabash  Valley  for  nearly  a  mile  ;  thence  it  pursues  the  vaUey  of  the  Wabash 
past  Newkirk  and  Bucksville,  W.  of  which  latter  place  it  occupies  the  S.  brow  of  the  ridge  bound- 
ing the  same  valley  on  the  N.,  till  it  passes  S.  of  the  Tuscarora  Colliery  (Tucker's  Slope)  at  the 
intersection  of  the  road  and  railroad  ;  thence  its  course  is  to  the  mouth  of  the  Palmer  Tunnel. 

Of  the  dips  connected  with  this  axis  very  little  can  be  said  in  detail,  or  is  indeed  called  for, 
because  few  or  no  openings  of  any  sort  have  been  made  in  it,  except  near  the  Little  Schuylkill, 
and  E.  of  Tuscarora.  In  the  vicinity  of  Tamaqua  it  does  not  appear  to  be  a  much  compressed 
or  steep  saddle.  The  gently-rounded  outline  of  the  edge  of  the  plateau  which  it  foUows,  and  the 
dips  visible  near  the  axis,  as  indicated  in  our  Section,  go  to  establish  the  fact  of  the  Eastward 
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flattening  of  this  flexure.  In  accordance  with  this  feature  of  its  Eastward  declension,  we 
observe  an  absence  of  all  external  or  topographical  indications  of  it  E.  of  the  Little  Schuylkill. 
If  it  reaches  Sharp  Mountain  at  all,  it  is  only  as  a  roll  in  its  flank.  Passing  W.  of  Tamaqua, 
this  axis  increases  in  force,  both  its  N.  and  S.  dips  growing  much  steeper  than  at  Tamaqua,  where 
they  are  as  low  as  30°.  The  very  steep  dips  in  the  compressed  synclinal  fold  which  we  see  at 
the  foot  of  Sharp  Mountain  at  Tamaqua,  are  due  less  to  the  sharpness  of  the  anticlinal  than  to 
the  forward  pressure  and  overtilting  of  the  Sharp  Mountain  at  the  other  or  S.  side  of  the 
basin. 

Basin  D. — Of  the  coal-beds  embraced  in  the  basin  or  trough  between  this  anticlinal 
and  Sharp  Mountain,  there  is  nothing  of  value  to  add  to  what  has  been  already  mentioned 
respecting  those  visible  at  the  Little  Schuylkill,  and  displayed  in  the  Tamaqua  Section.  The 
highest  must  evidently  belong  to  the  lower  Red-Ash  coals  ;  but  it  is  manifest,  from  what  we 
behold  at  the  foot  of  the  mountain,  that  those  at  least  which  are  most  involved  in  the  squeeze 
at  the  synclinal  axis  are  not  likely  to  be  in  a  very  sound  or  suitable  condition  for  mining.  The 
beds  arching  the  anticlinal  are,  from  the  absence  of  compression,  and  from  their  gentler  dips, 
in  a  probably  more  unbroken  state,  but  they  have  been  insufiiciently  explored.  At  Tuscarora 
there  are  three  saddles  S.  of  this  one,  or  between  it  and  Sharp  Mountain  ;  but  the  description 
of  them  is  deferred  to  a  later  section. 

SECOND  AND  THIED  TAMAQUA  ANTICLINALS  AND  EELATED  BASINS. 

Axis  B. — The  next  axis  of  Tamaqua,  that  N.  of  the  town,  is  visible  on  the  E.  side  of  the 
Little  Schuylkill  some  400  feet  N.  of  the  Mauch  Chunk  Road,  and  on  the  W.  side  in  the  hill  or 
bluff"  immediately  bounding  the  Wabash  Railroad  on  the  N.  This  it  crosses  further  Westward 
to  range  along  the  crest  or  summit  of  the  ridge  running  from  Tamaqua  to  Newkirk.  The 
abrupt  arch  of  this  anticlinal  is  seen  at  Newkirk,  just  E.  of  the  Upper  Coal-Breaker ;  but  how 
far  Westward  it  extends  from  this  point  is  at  present  not  ascertained,  though  it  probably  reaches 
Buckville.  This  is  a  sharp  or  closely-folded  saddle,  the  dips  on  both  sides  of  the  axis  being 
very  steep,  the  Southward  70°,  and  the  Northward  even  nearly  80°.  The  annexed  cut  (fig. 
147)  shows  the  overturned  outcrops  of  the  strata  both  ways  from  this  axis. 
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Fig.  147. — Anticlinal  Axis  B,  near  Newkirk,  with  overturned  outcrop. 

Mention  has  already  been  made  of  all  that  can  be  determined  respecting  the  coals  exposed 
in  this  anticlinal,  or  contained  in  the  basin  C  6  of  the  centre  of  Tamaqua  south  of  it.  Counting 
the  coals  visible  at  Newkirk,  between  the  ascertained  beds  of  the  tunnel  there  and  the  valley  of 
the  Wabash  in  the  synclinal  on  the  S.  of  this  axis,  I  am  disposed  to  estimate  the  highest  in  the 
latter  position  as  about  the  ninth  or  tenth  above  the  first  Red- Ash  bed,  or  Grier  Coal,  so  called, 
of  the  Slope  Mine  No.  1,  near  the  mouth  of  the  tunnel.  Only  the  lower  portion  of  these  coals  at 
Newkirk  lies  within  the  trough  6,  N.  of  this  axis  b  ;  that  is  to  say,  between  the  second  and  third 
Tamaqua  anticlinals.  The  condition  of  things  is  therefore  about  the  same  as  at  the  Little 
Schuylkill.  The  synclinal  line  of  6  is  a  very  short  distance  N.  of  b,  and  the  flexure  is  folded, 
or  the  N.  dips  of  b  are  steep,  or  even  overturned  below. 
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Axis  B. — The  third  and  Northernmost  anticlinal  of  the  Tamaqua  district,  that  which  I  am 
disposed  to  consider  as  the  Summit  Hill  axis,  lies  N.  of  the  one  just  described  only  about  650  feet 
on  the  E.  side  of  the  Little  Schuylkill.  How  far  it  is  prolonged  Westward  it  is  impossible  at  pre- 
sent to  determine,  but  a  flexure  met  with  at  Newkirk,  both  in  the  surface  strata  and  in  the  slope 
S.  of  the  tunnel,  is  very  probably  this  same  axis  somewhat  enfeebled  towards  its  termination. 
Their  identity,  however,  is  uncertain  ;  but  that  there  are  two  undulations  at  Newkirk  is  pretty 
evident  ;  and  this,  the  more  Northern  one,  is  very  probably  the  undulation  within  the  mine.  If 
so,  its  position  will  take  it,  if  it  is  prolonged,  into  Locust  Mountain  north  of  the  Buckville  Tunnel. 
The  other,  or  Middle  Tamaqua  axis  b,  already  traced  N.  of  the  main  Mine  Hill  anticlinal  c, 
is  not  extended  apparently  as  far  as  the  Buckville  Tunnel,  notwithstanding  its  steep  dips 
between  Tamaqua  and  Newkirk. 

Of  the  coals  in  the  trough  B  h  between  these  two  saddles  nothing  is  to  be  added  to  what  has 
been  said  of  the  vicinities  of  Tamaqua  and  Newkirk,  for  the  presence  of  neither  axis  is  yet 
established  at  Buckville. 

Of  the  coals  which  are  embraced  between  the  N.  axis  and  the  flank  of  Locust  Mountain,  a 
general  view  is  to  be  derived  from  the  N.  part  of  the  Tamaqua  Section.  The  notes  and 
sections  exhibiting  the  condition  of  things  at  the  Newkirk  and  Buckville  Tunnel  will,  with  the 
Tamaqua  details,  give  the  reader  all  that  was  known  in  1853  of  the  individual  coal-beds,  and 
the  extent  to  which  they  were  mined  in  the  belt  occupied  by  the  two  anticlinals. 


BASIN  B,  EEINHARDT'S  RUN,  NEWKIRK  TUNNEL. 


Newkirk  Tunnel. — Coal  E  has  been  worked  through  to  meet  the  great  coal  E  of  Tamaqua. 
The  gangway  from  the  tunnel  has  been  carried  E.  at  a  level  90  feet  higher  than  that  from 
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Fig.  148.— Section  of  Newkii-k  Tunnel. 

Tamaqua,  and  has  passed  it  by  about  45  feet.  A  hole  has  been  driven  up  from  the  latter  into 
the  former. 

The  bed  first  N.  of  D  has  been  driven  400  yards  E.,  and  400  yards  W.  of  the  timnel.  (This 
is  the  Pinched  coal  of  our  Section.) 

Details  of  the  coal-seam  north  of  D  (Coal  C) — 

Slate,     .  .  .  .  .  .  .       2^  to  4  feet. 

Coal,      .  .  .  .  .  .  .  .10  inches. 

Slate,     .  .  .  .  .15  inches. 

Good  coal — (This  vein  yields  a  strong  Red  Ash),  •  .       3  feet. 
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Film  or  parting. 
Better  coal. 
Slate, 
Coal,  . 
Slaty  coal, 
Good  coal — best. 


1  inch. 
5  feet. 

2  inches. 
4  feet. 

2  feet. 

3  feet. 


Two  hundred  yards  W.  of  the  furnace  the  air-shaft  on  the  vein  is  287  yards  above  the  gang- 
way by  the  slope  ;  the  dip  is  30".  On  the  same  vein  the  air-shaft  from  the  summit  is  726  feet 
to  the  surface  ;  the  dip  28°.  200  yards  E.  of  the  tunnel  the  air-shaft  on  this  bed  is  283  yards  to 
a  gangway  ;  dip  42°.  The  vein  is  faulty  to  the  E.,  but  good  to  the  W.  The  faults  are  due  E. 
and  W.  This  is  the  most  N.  vein  cut  in  the  tunnel ;  it  is  still  disputed  whether  it  is  B  or  C  of 
Tamaqua. 

R.  RatclifF  and  Co.  have  a  slope  (No.  3  Mine)  on  F  vein  below  water-level.  Bowman  and 
Richardson  have  a  slope  on  the  large  vein  called  Bowman's  Vein  (Slope  No.  1)  below  water- 
level.    A  rock-fault  occurs  in  F,  driven  W.  under  water-level  by  Ratcliff. 

The  cross-cut  vein  on  the  W.  side  of  the  tunnel  is  60  feet  from  Coal  D.  It  is  composed  of — 

-bird-eye,  ...... 


Rough  coal- 
Good  coal, 
Slate.  . 


1  foot. 

2  feet. 


On  account  of  the  goodness  of  this  coal,  they  are  now  taking  from  this  thin  vein  about  two- 
thirds  of  all  they  work.    In  the  year  1853,  about  500  or  600  tons  per  week  were  mined. 

It  is  conjectured  by  some  persons  that  Wiggan's  coal  is  the  Tamaqua  bed  C. 

Vein  F  of  Newkirk  Tunnel  has  been  connected  with  that  of  Tamaqua  by  a  hole  from  the 
former  down  to  the  latter  about  60  feet  deep  in  the  vein. 

The  coal  E  at  the  Newkirk  Tunnel  is  reduced  to  only  1  foot  or  15  inches.  Going  E.  it 
increases  rapidly.  It  has  been  worked  E.  about  800  yards.  At  half  that  distance  it  is  about 
12  or  15  feet  thick  ;  and  at  a  distance  of  about  600  yards,  at  the  E.  end  of  the  gangway,  it  is 
about  30  feet  thick  ;  it  then  thins  again  as  we  go  forward,  and  at  800  yards  is  about  12  or 
15  feet. 

This  vein  varies  so  much  in  its  subdivisions  that  no  account  can  be  given  of  its  composition. 

The  F  vein  is  at  the  tunnel  7  feet  thick,  and  100  yards  E.  from  the  tunnel  it  is  17  feet. 
300  yards  further  it  is  about  22  feet,  and  this  continues  to  the  end  of  the  East  gangway  about 
one  mile  above  water-level.  It  had  been  worked  at  a  distance  of  150  feet  below  the  upper 
gangway,  or  for  600  yards  to  the  E. 

It  had  also  been  worked  to  the  W.  600  yards  in  a  gangway  above  water-level,  where  a  rock- 
fault  comes  in.    The  gangway  below  the  water-level  struck  the  same  fault  at  100  yards. 

Dimensions  of  F  vein  on  the  E.  side,  where  it  is  about  1 7  feet  thick, — 


Top  slate, 

White  clod  or  clay — fire-clay. 

Good  glassy  White- Ash  coal — no  slate. 

Bony  coal. 

Very  good  coal — Pink  Ash, 
Shaly  coal  and  dirt, 


2  feet. 

7  „ 

2  inches. 

8  feet. 
2  „ 
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On  the  W.  side,  before  coming  to  the  fault  on  the  upper  lift,  it  begins  at  the  tunnel  at  11 
feet  thick,  and  is  increased  to  20  feet  at  about  600  yards.  Then  it  is  nipped  close  ;  but  on  the 
rise  in  the  breast,  about  30  yards  above  the  gangway,  it  was  40  feet  thick,  the  coal  being 
rather  faulty.   The  dip  of  coal  F  in  the  slope  is  about  33°,  being  steeper  below  and  flatter  above. 

In  Bowman  and  Richardson's  Slope  three  veins  are  opened. 

From  the  F  vein  S.  to  Bowman's  Vein  is  100  yards  by  a  tunnel.  This  intersects  30  yards 
of  slate  on  the  top  of  F,  and  the  rest  is  blue  sandstone  until  we  reach  slate  under  Bowman's  Coal. 

From  Bowman's  Big  Vein  to  the  Little  Vein  the  distance  is  20  yards  of  slate.  The  dip  of 
the  Big  Vein  is  40° ;  that  of  the  Little  Vein  is  45°. 

A  tunnel  from  the  Little  Vein  to  that  next  S.  of  it,  called  Big  Diamond  Vein,  is  about  100 
yards  long,  the  first  half  being  slate  and  the  rest  sandstone. 

There  is  sandstone  above  the  Big  Diamond  Vein.  The  Bowman  Big  Vein  is  supposed  by 
some  to  be  the  Grier.    The  distance  of  the  Grier  Vein  from  F  at  Tuscarora  is  101  yards. 

Bowman's  Vein  runs  E.  It  is  100  yards  to  the  rock -fault,  which  is  not  passed.  The  coal 
varies  in  this  distance  from  1 1  feet  to  upwards  of  40. 

When  regularly  worked  it  is  about  9  feet  thick.    The  coal  at  Bownnan's  is  Pink  Ash. 

Fireclay,  top  clod  white,  .....  1  foot. 

Good  coal,  but  a  little  faulty,   .....  l  feet. 

Coal  slate,        .......  3  inches. 

►  Good  coal,       .......  5  feet. 

Bowman's  Little  Coal  or  Grey  Ash  is  from  4  to  6  feet  thick.  It  is  generally  a  4-feet  vein, 
the  bottom  bench  being  2^  feet  ;  above  this,  2  inches  of  slate,  and  then  about  1^  feet  of  rough 
coal. 

The  Big  Diamond  Vein  at  Bowman's  is  about  9  feet  thick,  but  in  fault.  It  is  not  worked. 
This  is  pure  Red-Ash  coal. 

About  20  yards  S.  of  the  outcrop  of  the  Big  Diamond  Vein  is  another  South-dipping  coal, 
which  has  been  proved,  but  not  worked.  It  is  called  the  Little  Diamond  Vein,  and  contains 
about  3  feet  of  good  coal. 

Another  vein,  about  3  feet  thick,  has  been  opened  by  a  drift  under  the  first  screen.  It  is 
about  100  yards  S.  of  the  Little  Diamond  Coal. 

South  of  the  same  seam,  about  100  feet,  is  a  small  seam  2^  or  3  feet  thick,  dipping  S. 

There  is  a  coal-drift  200  feet  still  further  S.,  on  a  hill.    It  displays  a  bed  about  7  feet  thick. 

A  vein  with  a  S.  dip  has  been  struck  in  a  well  at  the  Schoolliouse.  It  is  small,  and  about 
50  yards  S.  of  the  preceding.  A  short  distance  still  further  S.  another  coal  has  been  struck,  and 
still  another  bed,  said  to  be  thick,  has  been  reached  in  a  well  on  the  S.  side  of  the  %'illage  near 
the  main  railroad. 

Coals. — At  Newkirk  the  Grier  Coal  is  mined  by  a  slope  ;  it  lies  about  315  feet  S.  of  the 
coal  F,  and  is  called  Bowman's  Big  Vein.  Its  regular  thickness  is  9  feet.  100  yards  W.  of  the 
tunnel  it  runs  into  a  rock-fault.  In  this  distance  it  varies  from  9  to  40  feet  in  thickness  ;  the 
dip  at  the  slope  is  40°  S.    It  has  a  pink  ash. 

Coal  A  of  Tamaqua. — The  Newkirk  Tunnel  will  ultimately  reach  this  coal.  Its  outcrop  is 
on  the  S.  brow  of  the  Locust  Mountain. 
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Coal  B. — This  seam  had  not  been  reached  at  the  date  (1853)  of  our  last  examination  of  the 
district.  Its  outcrop  is  high  on  the  slope  of  Locust  Mountain.  It  has  probably  been  cut  in 
Newkirk  Tunnel  by  this  date. 

Coal  C. — The  first  vein  North  of  D  in  the  Newkirk  Tunnel  (C  1  of  Tamaqua),  was,  at  the 
date  of  our  last  observations,  driven  400  yards  E.  and  400  yards  W.  of  the  tunnel. 
It  is  a  strong  Ked-Ash  coal.  About  600  feet  W.  of  the  tunnel  an  air-shaft  led  287 
yards  up  the  breast.  The  air-shaft  from  the  tunnel  is  242  yards  up  the  breast, 
and  200  yards  E.  of  the  tunnel  an  air-shaft  is  180  yards  up  the  breast.  The  dips  ' 
are  severally  30°,  28°,  and  42°.  The  coal-bed  is  faulty  to  the  E.,  but  good  to  the  W.  ' 
Its  average  thickness  is  about  17  feet.  There  is  no  doubt  but  that  the  first  vein  fig!  i49.— coai(B?) 
North  of  D  in  Newkirk  Tunnel  is  C  of  Tamaqiia.  Eatcliff's  line  of  air-holes  on  D,  ^''^^^'^^'■'^'''^^"^i- 
West  of  Tamaqua,  are  extended  nearly  opposite  the  end  of  Wiggan's  Working,  in  this  disputed 
vein  East  of  Reinhardt's  Run.  The  interval  between  the  two  ranges  of  outcrop  is  just  that  between 
C  and  D  at  Tamaqua.  Vein  C  at  Tamaqua  is  underlaid  by  about  4  feet  of  slate,  below  which 
there  is  a  thin  coal-seam  not  wrought.  In  the  mine  at  Newkii'k  Tunnel  the  slate-bed  is  reduced 
in  thickness,  and  becomes  a  slaty  coal ;  and  the  underlying  coal,  here  3  feet,  is  wrought  with  the 
rest.  This  bench  is  a  strong  pinJc-ash  coal.  It  is  interesting  to  ascertain  whether  the  bench 
below  the  slate  at  Tamaqua  would  yield  a'  coal  of  the  same  kind. 

Coal  D. — Has  been  driven  through  from  Tamaqua.  Its  dip  is  flatter  than  at  Tamaqua, 
being  42°.    The  quality  of  the  coal  is  the  same. 

Coal  E. — This  bed,  in  1853,  was  worked  through  from  Tamaqua  to  Newkirk  Tunnel.  In 
the  tunnel  it  is  only  12  or  13  inches  thick  ;  it  has  been  mined  E.  from  the  tunnel  about  800  yards. 
At  400  yards  it  is  about  12  or  15  feet  thick,  at  600  yards,  30  feet,  and  then  declines  to 
12  or  15  feet.  The  outcrop  of  this  admirable  seam  of  coal  is  traceable,  by  its  air-shafts,  along 
the  flank  of  the  Locust  Mountain  at  a  high  level,  the  whole  distance  from  the  Little  SchuylkiU 
to  the  Newkirk  Tunnel,  and  thence,  indeed,  to  the  tunnel  at  Buckville.  Its  position  on  the 
surface  at  Buckville  is  vertically  over  the  intersection  of  Coal  D  by  the  tunnel. 

Cross-cut  Coal. — About  60  feet  W.  of  the  Newkirk  Tunnel  this  coal  consists  of  2  feet  of  hard 
glassy  coal,  capped  by  one  foot  of  bird-eye  coal.  It  is  largely  wrought  on  account  of  its  purity. 
It  lies  45  feet  S.  of  coal  E. 

Coal  F. — The  dimensions  of  this  bed  at  Newkirk  Tunnel  are  7  feet.  About  100  yards  E.  of 
the  tunnel  it  measures  17  feet  thick  ;  200  yards  further  E.  it  is  22  feet  thick,  and  continues  thus 
to  the  end  of  the  gangway,  or  one  mile  from  the  tunnel.  Its  thickness  on  the  W. 
side  of  the  tunnel  is  11  feet,  and  600  yards  further  W.  it  is  20  feet ;  it  is  then 
nipped,  and  at  the  water-level  it  is  40  feet  thick,  and  faulty.    Its  dip  is  42°  S. 

It  has  been  worked  E.  from  Newkirk  Tunnel  one  mile  above  water-level.  In 
a  gangway  from  the  slope,  150  yards  lower  in  level,  it  was  worked  E.  600 
yards.    From  the  tunnel-level  it  was  mined  600  yards  W.    There  a  rock-fault 
appeared  :  lower  down,  or  in  the  slope-level,  the  same  fault  was  met.    This  has  ^7thickenMi)!°New.' 
since  been  driven  through.    The  Newkirk  mines  in  this  coal  have  been  connected  ^"'"'^^''^'^i- 
with  those  of  Coal  F  of  Tamaqua  by  a  hole  60  feet  deej),  sunk  from  the  end  of  the  Newkirk  level. 

Bony  Coal. — This  coal  has  been  cut  in  Newkirk  Tunnel,  where  it  is  3  or  4  feet  thick. 

Collieries. — The  Reinhardt's  Run  property,  owned  by  the  Little  Schuylkill  Company,  is 
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leased  by  four  different  parties,  each  of  whom  owns  separate  breakers.  Beginning  with  the  most 
Northern,  these  collieries  are — 1.  Eatcliff ;  2.  Bowman;  3.  Jones  and  Cole;  and,  4.  Wiggan 
and  Son. 

Newhirk  Tunnel. — In  1853  this  was  driven  somewhat  more  than  400  yards,  cutting  all  the 
veins  N.  of  the  Grier  Coal  as  far  as  B  (see  Section  of  the  Tunnel).  Most  of  the  coals  cut  have 
gangways  upon  them,  worked  one  mile  E.  as  described.    It  is  leased  by  Wiggan  and  Son. 

Boivmans  Slope. — This  old  slope,  situated  a  short  distance  S.E.  of  the  mouth  of  the  tunnel, 
is  sunk  on  the  Grier  Vein  of  Tuscarora,  here  called  Bowman's  Big  Vein.  This  slope  is  315  feet 
S.  of  coal  F  in  the  tunnel. 

The  New  Slope,  on  coal  F,  is  situated  N.W.  of  the  tunnel  mouth  about  450  feet ;  it  is 
down  150  yards.  The  dip  at  the  top  is  42°  and  at  the  bottom  38°.  The  gangways  have  been 
driven  E.  and  W.  from  the  foot  of  the  slope. 

Coals  in  Basins  B  h  and  C  h. — We  may  infer  from  the  oblique  direction  of  the  basin  B  h  from 
the  Little  Schuylkill  to  Reinhardt's  Run,  that  towards  the  latter  stream  it  must  contain  rather 
lower  coal-beds  than  at  the  former ;  in  other  words,  that  one  or  two  of  the  upper  Red- Ash 
coals  of  Tamaqua  may  head  out  within  this  basin  in  going  W.  This  tendency  will,  however,  be 
somewhat  counteracted  near  Reinhardt's  Run  by  the  dying-out  of  the  anticlinal  B. 

The  Basin  C  b,  or  that  of  Wabash  Creek  and  Newkirk,  will,  on  the  other  hand,  be  found,  I 
think,  to  retain  all  the  coals  at  Newkirk  which  it  possesses  at  Tamaqua,  for  it  rather  expands  in 
going  W.,  until  it  opens  into  the  main  N.  basin  of  Buckville,  of  which  it  is  a  branch. 


COALS  CONTAINED  IN  BASIN  C,  ON  THAT  OF  THE  BUCKVILLE  AND  PALMER  TUNNELS. 

Buckville. — The  anticlinal  axis  B  of  Tamaqua,  expiring  Westward  in  the  neighbourhood  of 
Reinhardt's  Run,  and  that  next  S.  of  it,  b,  not  appearing  to  reach  Buckville  Tunnel,  we  are 


entitled  to  assume  that  from  the  latter  locality.  Westward  to  Big  Creek,  there  prevails  but  one 
basin  C,  between  the  main  axis  of  the  valley  and  the  top  of  Locust  Mountain.  The  synchnal 
axis  of  this  basin  probably  passes  a  little  N.  of  the  BuckviUe  Breaker.  Of  course  only  the  S. 
side  of  the  whole  basin,  or  that  between  the  tunnel  and  the  anticlinal  C,  contains  the  Red-Ash 
coals  ;  all  the  N.  half,  or  that  occupying  the  slope  of  Locust  Mountain  to  Coal  E  in  the  tunnel, 
being  allotted  to  the  White- Ash  beds.  The  axis  opposite  Buckville  must  lift  to  the  surface  lower 
Red- Ash  beds  than  it  does  at  Tamaqua. 

Coals. — Coal  F  (here  also  called  the  Grier  Vein)  is  worked  by  a  slope  ;  its  thickness  is 
from  10  to  12  feet ;  the  dip  S.  40°  to  45°. 

Coal  E. — This  is  worked  E.  from  tunnel  600  yards,  and  the  same  distance  W.    Thickness  of 
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coal  about  18  feet :  for  its  subdivisions,  see  the  accompauying  cut  (fig.  152).  In  the  level  300 
yards  E.  of  the  tunnel  they  have  driven  N.  across  to  the  Cross-cut  coal. 

Coal  D. — In  the  tunnel  the  next  coal  North  of  coal  E  is  worked  W.  about 
170  yards.  Separated  from  the  Cross-cut  coal  by  10  feet  of  slate,  they  are 
wrought  too;ether.  The  most  Northern  vein  in  the  tunnel  is  double  :  the  two 
coals  are  each  6  feet  thick,  with  20  feet  of  rock  intervening  in  the  tunnel, 
but  35  or  40  feet  W.  they  come  together,  and  the  coal  becomes  dirt,  and  is     fig.  152.— Coai  b, 

1     1  Buckville. 

valueless. 

Between  the  mouth  of  the  tunnel  and  the  breaker  are  the  outcrops  of  four  coals,  all  of  them 
belonging  to  the  lower  Eed-Ash  group.    These  are  the  highest  beds  of  this  part  of  basin  C. 

Colliery  leased  hy  Jones  and  Cole. — There  are  two  mining  operations  here,  a  tunnel  and 
a  slope. 

The  slope  is  in  coal  F,  just  W.  of  the  mouth  of  the  tunnel,  and  is  down  318  feet ;  the  dip  is 
S.  40°  to  45°.  The  thickness  of  the  coal  is  12  feet  at  the  top  of  the  slope,  and  from  10  to  11  at 
the  bottom  ;  between,  the  coal  is  very  thick,  but  not  so  good. 

Palmer  Tunnel. — This  tunnel,  leased  by  Charles  Silliman,  has  its  mouth  just  N.  of  the  anti- 
clinal C,  from  whence  it  penetrates  the  basin  Northward  to  the  Big  Vein,  or  Coal  E  of  Tamaqua. 
It  commences  a  little  N.  of  the  outcrop  of  the  South  Mortimer  Coal,  so  called,  and  passes  the 
synclinal  axis  of  the  basin  between  the  next  bed,  the  North  Mortimer  and  the  Grier  Coal, 
these  two  being  but  the  same  bed  with  opposite  dips.  Cutting  now  only  South-dipping 
measures,  it  crosses  the  Bony,  the  Palmer,  and  three  other  thinner  beds,  before  it  reaches  the 
Big  Coal,  97  yards  N.  of  the  Palmer.  In  this  latter  space  it  cuts  20  yards  of 
slate,  then  a  coal  2  feet  thick,  then  sandstone  20  yards,  a  coal  4  feet  thick,  and 
at  22  yards  further  another  coal  5\  feet  thick ;  the  remainder  of  the  space  is  a 
hard  pebbly  rock. 

The  Palmer  Coal  is  from  12  to  14  feet  thick,  and  is  mined  both  E.  and  W.  of 

.  , .         .  Fig.  153. — Tuscarora, 

the  tunnel ;  m  the  latter  direction  a  rock-fault,  now  passed,  throws  the  bed  about      Palmer  Coai  of 

Tuscarora. 

60  feet  N.  of  its  true  line  of  strike. 

The  Big  Coal  averages  20  feet  in  thickness  ;  in  the  tunnel  it  dips  G5°  S.,  and  E,  of  it,  45°  S. 
West  of  the  tunnel  the  dip  is  more  constant.    The  breast  of  this  coal  is  about 
100  yards. 

TUCKER'S  SLOPE,  BASIN  C. 

Coals. — The  Grier  Coal. — This  is  the  coal  of  Tuckers  Slope,  half  a  mile  E. 
of  Tuscarora.    Mr  Kendrick,  the  mine  captain,  informed  us  that  the  bottom  bench 

is  Red  Ash,  20  inches  or  2  feet  thick,  while  the  top  bench  is  Grey  Ash,  3^  feet  ez--  - 

thick.    It  is  good  hard  coal,  somewhat  streaky,  though  not  so  much  so  as  the  Paimei-  Tunnel. ' 
top  bench,  which  is  also  a  hard  coal. 

The  coal  called  the  Palmer  Coal,  cut  by  a  tunnel  driven  N.  from  the  Slope  ^^^^ 

coal  at  Tucker's,  and  also  cut  in  Palmer's  Tunnel  W.  of  Tuscarora,  is  no  doubt  the  1  e^^^^^S 


F  coal  of  Tamaqua.  In  the  Palmer  Tunnel  this  coal  is  from  12  to  14  feet  thick ;  FiG.i55.-GrierCoai, 
it  has  lately  been  reached  E.  of  Tuscarora.  ^^''^'^ " 

The  Tuscarora  Coal  is  supposed  to  be  the  same  as  the  Palmer  Coal.    This  coal  lies  in  two 
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benches,  the  lowest  being  4  feet  thick,  Eed  Ash,  and  a  clear  flinty  hard  coal ;  and  the  upper 
7  feet  thick,  of  streaky  Grey-Ash  coal. 

Tuckers  Slope  is  on  the  Grier  Coal,  and  a  little  more  than  half  a  mile  E.  of  Tuscarora.    It  is 
150  yards  to  the  bottom  of  the  slope,  which  is  90  yards  below  water-level.  A 

■ gangway  has  been  driven  135  yards  to  the  E.,  and  1200  to  W.  It  encountered 
.  (,3  a  remarkable  dislocation  at  the  end  of  the  E.  gangway  (October  1853).  From 
the  bottom  of  the  slope  a  tunnel  was  driven  N.,  and  cut  the  Palmer  Coal  (Coal  F 
^^°Tuci^r^s^s7ope^°'^'^  '^^  Tamaqua).  This  has  been  wrought  about  1400  yards  W.  of  the  tunnel,  where 
it  struck  a  rock-fault  (1853).  It  was  driven  E.  about  1400  yards,  or  within  25 
yards  of  the  line  of  the  Little  Schuylkill  company.  A  slope  has  lately  (1853)  been  put  down  by 
Reuben  Jones  95  yards  E.  of  the  Tuscarora  (Tucker's)  E.  line  ;  this  is  on  the  Palmer  Coal,  or  F 
coal  of  Buckville,  and  therefore  of  Tamaqua. 

Basin  C  D,  or  that  of  Tuscarora. — This  wide  and  regular  sub-basin,  the  W.  extension  of  basin 
D  of  Tamaqua,  runs  obliquely  from  Sharp  Mountain  to  the  S.  foot  of  Mine  HiU,  and  is  thence 
prolonged  between  Mine  Hill  and  the  craggy  ridge  we  have  called  South  Mine  Hill ;  its  greatest 
depth  is  probably  S.  of  Buckville,  unless  one  or  more  subordinate  flexures,  c  and  c  c,  of  Tusca- 
rora, extend  thus  far  E.,  and  undulate  its  bed  :  it  evidently  contains  the  lower  and  middle  groups 
of  the  Red- Ash  series  of  coals  ;  the  two  subordinate  anticlinals  which  disturb  it  at  Tuscarora,  and 
the  lesser  basins  which  they  make,  have  been  already  defined. 

There  are  four  or  five  mining  operations  in  progress  within  this  basin  :  Carter's  Slope  Mines, 
Pott's  Slope  Works  on  Big  Creek  ;  Silliman's  Slope  on  Big  Creek  ;  Whitfield  Tunnel  Mines  on 
Du  Long  Creek  :  and  the  Luther  or  Sinnickson  Tunnel  on  Casca  William  Creek. 

The  Big  Coal  of  the  district  coal  E  of  Tamaqua  enters  the  basin  probably  W.  of  Swift  Creek,  for 
in  the  Palmer  Tunnel  it  outcrops  many  hundred  yards  N.  of  the  Mine  Hill  anticlinal  C,  while  at 
Potts'  Slope,  on  the  East  Branch  of  Big  Creek  north  of  Brock\'ille,  its  place  is  several  hundred  feet 
S.  of  that  axis.  On  Main  Big  Creek  its  outcrop  at  the  S.E.  foot  of  Mine  Hill,  at  Silliman's  Slope, 
is  about  midway  between  the  anticlinals  C  and  D  ;  thence  it  runs  S.W.,  with  one  or  two  hitches 
in  its  course,  to  the  upper  Whitfield  Tunnel,  where  its  place  is  but  a  few  hundred  feet  N.  of 
axis  D.  The  Bushy  Tunnel  does,  or  did  not,  reach  it,  but  it  is  cut  by  the  Luther  Tunnel  N.  of 
Sinnickson's  Slope  ;  and  it  is  traceable  for  a  great  distance,  indeed,  along  the  S.  slope  of  Mine 
Hill,  from  its  E.  end  to  the  vaUey  of  Silver  Creek,  where  the  basin  becomes  almost  extinguished. 

For  the  positions,  distances  asunder,  and  thicknesses  of  the  other  coals  within  this  basin,  the 
reader  is  referred  to  the  engraved  Sections  representing  some  of  the  localities  mentioned. 


Fuj.  157.— Section  of  Strata  at  E.  end  of  Mine  Hill,  N.  of  Patterson,  looking  E.— 1  inch  —  400 /ee<. 

^,11.  Arii  r,fM,nt  HiU 


Slopes. — There  are  two  slopes  N.W.  of  the  village  of  Patterson  in  basin  C  D,  the  one  worked 
by  Silliman  and  Meyer,  the  other  by  G.  Potts ;  they  are  both  working  the  same  coal  (the  Big 
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Coal).  George  Potts'  mine  was  (1853)  some  20  or  30  yards  below  Meyer's  working  ;  the  coal 
was  not  so  sound  as  at  Meyer's.    He  had  driven  both  E.  and  W.,  and  found  his  coal  faulty. 

Silliman  and  Meyer's  Slope  is  300  yards  W.  of  Potts',  They  have  driven  about  400  yards 
W.,  but  not  as  yet  to  the  E. 

Whitfield  Tunnels,  De  Long  Tract. — The  Big  Coal  was  cut  in  Whitfield's  Upper  Tunnel ;  its 
average  thickness  there  was  8  feet,  sometimes  it  was  1 1  feet,  and  often  6  feet  thick.  There 
were  three  benches  of  slate  between  the  top  and  middle  bench  ;  the  top  was  sometimes  rough,  but 
the  bottom  always  pure.  In  these  features  the  two  veins  resembled  that  at  Big  Creek.  The 
length  of  gangway  E.  was  400  yards,  and  W.  1000  yards ;  it  was  found  faulty  and  large,  being 
from  12  to  20  feet  thick. 


OF  THE  FLEXURES  ANTICLINAL  AND  SYNCLINAL  IN  THE  VICINITY  OF  TUSCARORA, 

AND  THE  COALS  THERE  DEVELOPED. 

Axis  C,  'near  Tuscarora. — It  has  been  already  intimated  that  the  southern  Tamaqua  and 
East  Mine  Hill  axis,  passing  S.  of  Tucker's  Slope,  and  of  the  mouth  of  Palmer  Tunnel,  ranges 
N.  of  the  village  of  Tuscarora.  Its  N.  dips  are  visible  at  the  head  of  the  cross  street  or 
road  ascending  towards  the  mountain,  just  at  its  bend  Westward ;  N.  of  which  a  depression 
in  the  surface  marks  the  basin  at  the  foot  of  the  mountain.  The  position  of  the  anticlinal 
is  on  the  next  bench  or  terrace  S.  The  anticlinal  is  cut  by  Swift  Creek,  in  the  gorge  where 
this  stream  passes  through  the  spur  prolonged  from  Mine  HiU.  The  N.  dip  at  Tuscarora 
is  not  steep,  perhaps  from  35°  to  40°,  but  such  seems  not  to  be  the  character  of  this  side  of  the 
axis,  except  at  this  place  and  at  Tamaqua  ;  for  near  the  intersection  of  the  railroad  and 
carriage-road  below  Tucker's  Slope,  the  axis  S.  of  the  folded  synclinal  of  the  Slope  Mine  on  the 
Grier  Vein  is  compressed  with  excessively  steep  dips,  those  of  the  N.  side  being  vertical, 
and  those  of  the  S.  side  80°  S. ;  and  again  at  the  mouth  of  the  Palmer  Tunnel,  the  dip  of  the 
N.  flank  of  the  saddle  is  perpendicular,  or  even  a  little  inverted,  the  S.  dip  being  here  from  50° 
to  60°.  At  Swift  Creek  likewise  the  axis  is  thus  equally  compressed,  even  its  South-dipping 
beds  being  as  steep  as  60°.  This  is  not  its  configuration,  however,  where  it  passes  Big  Creek, 
and  lifts  the  broad  and  swelling  crest  of  Mine  Hill.  The  more  massive  lower  White- Ash  Coal- 
measures,  and  the  main  egg-sized  conglomerate  beneath  them,  there  rise  in  an  ample  and  slowly- 
curving  arch — only  the  remote  abutments  of  which,  far  out  from  the  axis,  display  a  high 
inclination  in  the  rocks. 

Tracing  the  coals  which  are  elevated  in  succession  to  the  surface  by  this  anticlinal  from  the 
Little  Schuylkill  to  Mine  Hill,  we  have  an  interesting  and  instructive  illustration  of  the  pro- 
gressive emergence  of  the  whole  series  from  those  of  a  relatively  high  horizon  to  those  resting 
on  the  conglomerate.    Thus,  at  the  Little  Schuylkill,  this  axis  brings  up,  as  we  have  seen,  the 
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lower  Eed-Ash  coals  ;  while  opposite  Tucker's  Slope  it  exposes,  as  our  Section  there  shows,  the 
lowest  of  the  Grey-Ash  group,  known  here  locally  as  the  Mortimer  Coal,  the  equivalent  of  the 
Tuscarora  or  Palmer  bed — the  same,  in  all  probability,  with  the  Coal  F  of  Tamaqua,  there  the 
next  in  order  above  the  true  White-Ash  group. 


Fig.  159.— Section  of  the  Basin  C,  at  Tucker's  Slope,  bead  of  Tuscarora  Creek.— 1  inch  =  iOO  feet. 


I(i0      so     111  !!I'J 


At  a  considerably  higher  level  this  Palmer  or  lower  Grey-Ash  coal  almost  emerges  to  the  day 
at  the  mouth  of  the  Palmer  Tunnel  (see  Section  of  Tunnel),  the  Bony  Vein,  or  next  higher 
coal,  being  that  which  is  there  denuded  at  the  axis.  Advancing  to  Swift  Creek,  the  Palmer  or 
lowest  Grey- Ash  coal  is  found  elevated  high  enough  above  a  considerably  higher  water-level  to 
be  in  its  turn  denuded,  and  to  have  its  two  outcrops  separated  to  the  two  flanks  of  the  anticlinal 
ridge.  Finally,  in  the  gorge  by  which  Big  Creek  flows  across  the  end  of  the  main  ridge  of  Mine 
Hill,  the  upper  coarse  beds  of  the  great  Serai  conglomerate,  at  the  base  of  all  the  Coal-measures,  are 
elevated  above  the  stream  a  height  of  more  than  100  feet,  but  above  the  water-level  at  Tamaqua 
a  height  of  several  hundred  feet.  Adding  the  difierence  of  level  between  the  axis  at  Big  Creek 
and  at  the  Little  Schuylkill  to  the  positive  thickness  of  the  coal  strata  lifted  out  to  the  surface 
between  the  latter  and  the  former  spots,  we  discover  an  actual  rise  of  the  axis-line  of  this  anti- 
clinal, in  a  little  less  than  6  miles,  of  at  least  1200  feet.  West  of  Big  Creek  the  axis  continues 
slowly  to  ascend,  spreading,  of  course,  the  outcrops  of  coals  on  its  two  flanks  wider  and  wider 
asunder. 


Fio.  160. — Section  of  Palmer's  Tunnel  ne.ar  Tuscarora  S. 


Basin  C. — Of  the  basin  between  this  anticlinal  C  and  the  S.  side  of  Locust  Mountain,  there  is 
nothing  appropriate  to  add  in  this  place  to  the  information  embodied  in  the  Sections  of  the  vicinity 
of  Tuscarora.  Its  structure  at  Tucker's  Slope,  and  in  the  Palmer  Tunnel,  are  there  correctly 
shown.  In  a  theoretical  point  of  view,  the  peculiarity  in  the  flexure  of  the  Grier  Vein  in  Tucker's 
Mine  is  interesting,  as  displaying,  by  means  of  actual  mining,  a  bulging  upward  of  a  concave 
into  a  convex  fold  of  the  roof  and  coal,  a  structure  which,  we  are  fixin  to  believe,  must  exist  on 
a  large  scale  very  abundantly  in  similar  closely-compressed  synclinal  bendings,  where  sets  of 
strata  of  unequal  hardness  and  softness  are,  from  the  absence  of  crushing  and  sliding,  unable  to 
conform  themselves,  without  this  species  of  folding,  to  the  reduced  space  into  which  they  are 
forced. 
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Axis  c  and  c  c  near  Tuscarora. — Soiith  of  the  important  anticlinal  of  Mine  Hill  above 
described,  there  occur  in  the  vicinity  of  Tuscarora  two  saddles  of  inconsiderable  length,  and  of 
subordinate  influence. 

The  more  Northern  of  these  issues  from  the  ridge  S.  of  the  valley,  embracing  the  watershed 
between  the  Wabash  and  the  Schuylkill,  and,  crossing  the  latter,  it  enters  the  hill  on  which  the 
village  of  Tuscarora  is  seated,  passing  a  little  N.  of  the  main  street,  and  S.  of  the  Palmer  Tunnel 
Coal-Breaker,  W.  of  which  meridian  it  is  not  at  present  traceable,  through  a  deficiency  of 
exposures.  It  would  seem,  however,  not  to  prolong  itself  far.  This  axis  has  been  proved  by 
mining  in  the  E.  end  of  the  hill  supporting      _  .-o  a  k    ^  ^  i?  ii-  v 

O  -t^r  &         Fig.  161.— Section  of  Red- Ash  Coals  B.  of  Tuscarora,  looking  E. 

Tuscarora.     It  there  appears  as  a  saddle  of         ^  ^ '^^^M- 

very  limited  width,  undulating  a  Red- Ash  coal 
which  is  called  the  Jenkins  Vein,  in  the  middle 
of  the  wide  basin  formed  by  the  South-dipping 
strata  of  the  anticlinal  C  with  the  North-dipping 
beds  of  the  saddle,  c  c,  which  passes  through  the  hill  to  the  S.  of  the  village.  This  Jenkins 
Coal,  thrown  thus  into  two  small  subordinate  basins,  is  apparently  the  second  bed  above  the  coal, 
better  known  at  Tuscarora  as  the  Jackson  Vein,  the  precise  relation  of  which  to  the  Grier  has 
never  been  determined. 

The  more  Southern  of  the  two  short  Tuscarora  saddles  occupies  the  crest  or  rather  the  S. 
slope  of  the  spur  or  hill  immediately  E.  of  the  railroad,  and  next  N.  of  the  valley  at  the  foot 
of  Sharp  Mountain.  This  little  ridge  extends  not  more  than  a  fourth  of  a  mile  E.,  and  the 
whole  topography  intimates  the  early  cessation  of  the  axis  in  that  direction.  Nor  does  it  appear 
to  possess  a  much  greater  prolongation  Westward.      no.  1 62. -Coais,  e.  end  of  church  mii  at  Tuscarora. 

We  can  trace  it  through  the  hill  on  which  the  Tus-   i;,^  vaiuyatfootofsi^rpMmintain. 

carora  Church  stands,  and  may  discern  faint  traces  of  it 
on  the  Palmer  Tunnel  branch  railroad  W.  of  this  ;  but 
that  is  all  :  we  lose  every  vestige  of  it  further  West. 

There  are  four  coals  on  the  N.  of  this  axis,  all  dipping  at  a  very  high  or  nearly  perpen- 
dicular angle.  They  are  all  of  them  Eed-Ash  coals,  and  are  therefore  as  high  in  the  series,  at 
the  least,  as  the  Stapleton  and  Jenkins  beds,  which  lie  next  above  the  Jackson  Coal.  This  axis, 
though  seemingly  so  short,  is  a  very  closely  compressed  one,  even  its  S.  dip  being  as  steep  as 
70°.  It  is  evidently,  however,  not  a  broad  saddle,  for  within  150  feet  of  it,  on  its  S.,  there  is 
a  synclinal  fold  or  trough  bounded  probably  by  the  anticlinal  which  passes  S.  of  the  Tuscarora 
Church  Hill,  and  not  by  the  North-dipping  strata  of  Sharp  Mountain. 

Anticlinal  c  c  c  of  Tuscarora,  probahly  Axis  D,  or  that  of  the  S.  Ridge  of  Mine  Hill. — There 
is  an  anticHnal  to  the  S.  of  the  Tuscarora  Hill,  not  visible  in  the  low  grounds  of  the  Schuylkill, 
but  the  N.  dips  of  which  form  the  blufi"  in  which  the  hill  S.  of  the  church  terminates,  and  are  visible 
in  the  lower  cuttings  of  the  Palmer  Tunnel  raiboad.  This  anticlinal  has  been  detected  in  Chad- 
wick's  Mine  S.W.  of  Tuscarora,  his  coal-bed  saddhng  over  the  axis  at  a  short  distance  up  in  the 
schutes  above  the  water-level  gangway.  What  coal  this  is  which  it  elevates  it  is  at  present 
impossible  to  determine,  but  it  evidently  must  hold  a  place  rather  low  in  the  Red-Ash  series. 

From  the  position  and  direction  of  this  axis,  I  am  disposed  to  consider  it  the  E.  prolongation 
of  the  very  important  and  interesting  anticlinal  of  the  S.  ridge  of  Mine  Hill,  or  that  which  has 
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been  designated  by  the  letter  D.  The  paucity  of  exposures  and  of  mining  developments  between 
the  vicinity  of  Chadwick's  Mine  and  the  Whitfield  Tunnel,  where  we  first  fall  in  with  the 
indisputably  recognisable  axis  D,  is  probably  the  sole  difficulty  in  the  way  of  our  perceiving  this 
continuity.  In  any  view,  we  must  regard  this  as  the  next  leading  axis  S.  of  the  anticlinal  C  which 
passes  N.  of  Tuscarora,  and  therefore  the  whole  belt  between  them,  nearly  two-thirds  of  a  mile 
wide,  may  be  best  considered  as  one  general  synclinal  tract  embracing  the  lower  Eed-Ash  and  the 
Grey- Ash  coals,  and  undulated  centrally  by  usually  about  two  parallel  saddles — those,  namely,  of 
Tuscarora  ;  for  it  is  quite  probable  that,  bet\veen  the  Palmer  Brook  and  Big  Creek,  other  cor- 
rugations of  the  strata  similar  to  those  of  Tuscarora,  though  not  strictly  prolongations  of  them, 
may  set  in  and  expire  before  reaching  the  last-named  stream. 

It  must  be  obvious,  from  all  that  has  been  here  disclosed  of  the  structure  of  this  abruptly- 
undulated  belt  of  country,  that  some  of  its  outcropping  coal-beds  must  exist  in  a  very  crushed 
and  faulty  condition — and  this  is  what  experience  would  seem  to  indicate  ;  yet  other  seams  of  a 
sounder  character  have  been  profitably  mined  here,  but  on  a  moderately  small  scale.  This 
synclinal  range  includes  the  South-dipping  coals  opened  and  partially  mined  on  Big  Creek  and 
its  Eastern  Branch  to  the  S.  of  the  Mine  Hill  saddle.  Like  the  small  anticlinal  flexures  N.  of 
it,  its  N.  dips  occupy  but  a  narrow  space,  and  it  may  therefore  be  viewed  as  but  a  roll 
checking  for  a  few  hundred  feet  the  long  succession  of  S.  dips  prevailing  from  the  main  axis  C 
of  Mine  Hill  to  the  basin  at  the  foot  of  the  Sharp  Mountain. 

The  Short  Saddle  d. — This  flexure,  which,  by  a  little  latitude,  may  be  classed  as  one  of  the 
Tuscarora  group,  lies,  by  estimation,  about  1000  feet  to  the  S.  of  the  preceding.  It  is  that  which 
bounds  Chadwick's  Tuscarora  Basin  on  the  S.,  and  by  its  sharply-compressed  fold  inverts,  or, 
at  least,  lifts  to  a  perpendicular  position,  the  two  coal-beds  and  their  embracing  rocks  visible 
just  N.  of  Chadwick's  small  breaker.  The  place  of  the  crossing  of  this  saddle  by  the  Pottsville 
carriage-road  is  detected  in  the  vertically-dipping  slates  seen  on  the  roadside,  but  W.  of  this 
intersection,  and  E.  of  Chadwick's  Breaker,  we  have  failed,  from  the  obscurity  of  the  ground,  in 
all  our  efforts  to  follow  it. 

Cartel's  Slope.-~T\m  recently- established  mine,  a  short  distance  N.E.  of  the  village  of 
Tuscarora,  is  in  what  is  called  the  Jackson  or  Doherty  bed.  The  coal  dips  60°  S.  ;  its  thickness  is 
about  8  feet,  but  only  a  3 -feet  layer  near  the  middle  of  it  was  good  coal  at  the  time  of  observ^ation 
(1853).  The  bed  was  faulty  in  the  first  gangway  leading  ofi"  from  the  Slope  100  yards  down  ; 
a  tunnel  from  the  foot  of  the  Slope  75  yards  S.,  cuts  the  Stapleton  Coal,  but  finds  it  faulty,  and 
from  9  to  1 1  feet  thick. 

(For  a  view  of  the  improved  Coal-Breaker  and  Slope-house  at  this  coUiery,  see  the  sketch 
given  in  one  of  the  Plates.) 

CASCA  WILLIAM. 

Axis  of  Sinnickson's  Slope,  or  Anticlinal  D. — Tracing  the  lower  White- Ash  coals  from  Silver 
Creek  eastward  to  Casca  William,  the  outcrop  of  the  big  Egg-conglomerate  which  underlies  the 
lower  White-Ash  coals  is  found  passing  more  and  more  N.,  or  behind  the  flank  of  the  valley,  until 
it  takes  its  place  far  enough  N.  of  the  Big  Coal  of  Casca  WiUiam  Tunnel  to  prove  it  to  be  the 
Mammoth  Coal.  The  same  view  was  confirmed  by  retracing  the  ground,  for  the  conglomerates 
N.  of  the  Mammoth  Coal,  on  the  N.  side  of  the  vaUey,  were  seen,  one  after  another,  passing  down 
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with  a  sensible  degree  of  Southing  in  going  Westward,  as  if  turning  to  basin.  I  satisfied  myself 
that  the  axis  N.  of  Chad  wick's  is  that  of  Sinnickson's  Slope.  The  arch  is  visible  at  the  head  of 
the  hollow  E.  of  Silver  Creek  Valley.  Chadwick's  Coal  rises  flattening  upon  the  conglomerate, 
and  Guiterman's  Coal  also  flattens  towards  its  outcrop  under  the  same  rock.  I  next  traced  the 
same  anticHnal  Westward  from  Silver  Creek.  It  evidently  holds  its  cover  through  the  high  flat 
summit  of  the  ridge,  and  the  upper  Egg-conglomerate  is  seen  in  its  S.  dip  all  the  way  to  the 
head  of  Windy  Hollow,  and  past  the  head  of  Zachariah's  Eun,  a  little  E.  of  which  meridian  the 
axis  may  be  detected  in  more  than  one  place  in  the  rocks  between  this  S.  outcrop  of  the  conglo- 
merate and  a  rido-e  to  the  Westward  answerino;  to  that  at  the  head  of  Silver  Hollow.  This  latter 
runs  into,  or  nearly  into,  the  bold  flank  of  Mine  Hill  N.  of  Johns  Coal.  The  deep  cove  behind 
the  upper  and  lower  White-Ash  large  coals  evidently  contains  this  anticlinal,  for  it  is  directly  in 
its  line.  This  hollow  is  indeed  an  excavation  in  the  N.  dip  of  the  arch,  seen  in  both  dips  at  Johns 
dirt-heap,  and  also  in  the  synclinal  N.  of  it.  The  summit  of  the  arch  formed  by  the  upper  Egg- 
conglomerate  is  well  seen  in  sundry  places  N.  of  the  road  on  the  ridge  leading  towards  the 
reservoir.  All  the  features  of  the  topography  and  all  the  courses  of  the  axes  and  of  the  out- 
crops confirm  me  in  my  view,  that  the  Johns  Coal  is  inferior  in  position  to  the  Milne's  or  Mam- 
moth Coal  of  Mill  Creek.  The  lower  large  coal  (Johns)  is  said  to  rise  to  the  surface,  or  near 
enough  to  outcrop  in  the  middle  of  the  arch  a  quarter  of  a  mile  E.  of  the  breaker,  where  the 
lower  small  coal  and  attendant  rocks  evidently  reach  the  surface  a  little  more  to  the  W. 
Coals  in  Basin  D  F,  on  Casca  William  Creek,  in  ascending  order  : — 

1.  Big  Vein  is  the  same  as.  the  Big  North  Vein  of  Silver  Creek,  as  is  proved  by  a  Une  of  air-shafts  sloped 
upon  it  ;  dip  61°  S.  Its  average  thickness  is  about  18  feet ;  the  gangway  on  its  lower  level  has  been  ckiven 
1000  yards  to  the  W. ;  it  is  sometimes  called  the  Raven  bed. 

2.  Black  Heath  (S.  of  Tucker's  Shver  Creek). — In  the  tunnel  28  yards  S.  from  the  Big  Vein.  The  length  of 
gangway  is  about  500  yards.  Between  Black  Heath  and  Big  Coal  is  a  pebbly  rock ;  this  is  a  Grey- Ash  coal, 
10  feet  thick,  with  dip  60°  S. 

3.  Black  Valley  is  S.  of  the  Black  Heath  14  yards ;  it  is  7  feet  thick ;  it  dips  S.  55° ;  its  ash  is  grey, 
verging  on  red.    The  gangway  is  driven  about  675  yards  to  the  Westward. 

4.  Brayler  Coal,  2  feet  thick;  Eed  Ash  ;  S.  of  No.  3,  112  feet ;  it  dips  50°.  Its  gangway  runs  about  130 
yards. 

5.  Wright's  Coal  is  8|  feet  thick;  Eed  Ash  ;  very  good  coal ;  111  feet  S.  of  No.  4  ;  dip  45°.  It  has  no 
gangways ;  four  shafts. 

6.  Pasco  Coal  is  8  feet  thick  ;  dip  30°  S. ;  it  is  400  feet  S.  of  No.  5.    No  drift. 

7.  Lyons  Coal  has  5  feet  of  good  Eed- Ash  coal ;  it  is  63  feet  S.  of  No.  6,  and  the  3d  under  the  Luther. 

8.  (Coal  not  named),  No.  3  of  tunnel ;  is  7  feet  thick ;  it  has  4  feet  of  good  Eed-Ash  coal ;  it  is  87  feet  S. 
of  No.  7.    The  gangway  extends  about  250  yards. 

9.  Diamond  Coal,  No.  2  of  tunnel ;  average  4  feet ;  not  extensively  proved  here ;  the  North  Diamond  of 
Neill  on  Silver  Creek    It  hes  48  feet  S.  of  No.  8. 

10.  Luther  or  South  Diamond — the  Red-Ash  Slope  Coal — Its  average  thickness  is  5  feet;  its  dip  in  the 
slope  is  50°,  but  it  is  flatter  on  the  same  level  further  W.  It  has  a  gangway  worked  Eastward  on  its  S.  dip  below 
water-level  to  the  Hubley  Tract.    They  have  worked  it  up  to  the  line  of  Bushy  Tract. 

In  the  N.  tunnel  there  is  a  leader,  15  feet  N.  of  the  Big  Vein,  measuring  from  1  foot  to  18 
inches  in  thickness.    The  Skidmore  Coal  is  47  feet  N.  of  the  Big  Coal. 

Basin  D  F,from  Sharp  Mountain  to  Silver  Creek,  or  Patterson  Basin. — This  basin,  running 
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off  Westward  obliquely  from  the  N.  flank  of  Sharp  Mountain,  is  throughout  its  length  to  Silver 
Creek,  and  indeed  beyond  it,  undulated  by  at  least  one  subordinate  anticlinal  flexiu-e  :  thus 
the  axis  D  disturbs  it  in  the  neighbourhood  of  the  Schuylkill  and  Swift  Creek,  and  the  longer 
anticlinal  E  divides  it  into  a  wide  and  a  narrow  trough  between  Casca  William  and  Silver  Creek. 
The  Big  White- Ash  coal  just  reaches  the  surface  to  turn  abruptly  down  again  on  its  North- 
bounding  anticlinal  at  the  Sinnickson  Slope  on  Casca  William ;  but  this  nowhere  else  appears 
along  its  N.  border,  even  the  lowest  of  its  South-dipping  beds  belonging  to  the  Grey  and  Red- 
Ash  groups.  On  the  S.  side  of  the  basin  those  dipping  N.  from  its  bounding  anticlinal  F  are 
the  Red-Ash  coals  just  under  the  Peach  Mountain  Vein,  but  these  belong  only  to  the  S.  half  of 
the  trough,  for  at  Casca  William,  and  probably  E.,  certainly  E.  of  Brockville,  these  upper  Red- 
Ash  beds  are  lifted  out — not  to  re-enter  the  ground  again — by  the  anticlinal  flexures  D  and  d. 
The  engraved  Section  of  the  Casca  WiUiam  Coals  will  make  this  more  obvious. 

The  principal  mining  operations  embraced  within  this  belt  are  Beachem's  Mines  S.  of 
Tuscarora  ;  mines  on  the  Schuylkill  N.W.  of  Beachem's  ;  the  De  Long  Mines  of  Whitfield  Lower 
Tunnel ;  the  Upper  Bushy  Mines  ;  and  the  Red- Ash  and  White- Ash  coUieries  on  Casca  William. 

COLLIEEIES  AND  COALS— SHAEP  MOUNTAIN  COLLIERY. 

Beachem's  Tunnels. —  The  length  of  the  Western  or  Lower  Tunnel  is  not  positively  known,  but 

it  is  about  120  yards.    It  cuts  four  veins,  one  of 
which  is  faulty,  and  not  wrought. 
]  St  vein  from  the  mouth  is  4  feet  thick. 

/  /     /  .     2d    „    „     „  G 

/:_'///^.  /-'/r/ ,  //  / /^:'     '  /  /  Sometimes  8  feet  Pink- Ash  coal — 2  benches,  6  feet 
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and  2  feet. 


,    ^  •    oi  .  •  OTTT  3d  vein  from  the  mouth  is  6  feet  thick — dirty. 

Fio.  loo. — Beacnem  s  Tunnel  entering  bharp  Mountain  S.W. 

of  Tuscarora,  looking  E. — 1  inch  =  200  ftd.  4th        „  „  „  a  thin  leader. 

From  the  second  to  the  inner  end  of  the  tunnel  is  80  yards,  and  it  is  about  40  yards  from  it 
to  the  mouth.  The  distance  from  the  second  to  the  third  is  about  25  yards.  The  tunnel  ends 
in  white  Nut-conglomerate.    The  pitch  of  all  these  veins  is  about  60°. 

The  gangway  on  the  Eight-feet  coal  of  the  Lower  Tunnel  has  been  driven  W.  1200  yards  ;  it 
was  also  driven  200  yards  E.  By  shafting,  this  coal  has  been  proved  to  continue  through  the 
Coal-hill  estate,  making  the  whole  distance  1-^  miles. 

The  Eastern  or  Upper  Tunnel  is  rather  more  than  900  yards  E.  of  the  Lower,  and  the  level  is 
40  feet  higher.  Its  length  is  600  feet,  and  it  cuts  five  coals.  (The  numbers  of  the  coals  in  the 
two  tunnels  express  the  same  coals  according  to  the  idea  of  the  proprietors.) 

The  first  coal  is  about  100  yards  from  mouth  of  the  tunnel ;  where  struck,  it  is  about  5-|  feet 
thick.    In  the  gangway  it  grew  thicker,  say  12  feet.    It  is  mostly  a  dirty  faulty  coal. 

The  second  vein — the  rough  vein — has  the  coal  quite  soft,  and  too  rough  to  be  saleable  :  its 
thickness  is  2  feet. 

The  third  vein  is  about  4  feet  thick  ;  it  is  hard,  but  too  rough  to  be  saleable. 

Ten  yards  to  fourth  vein,  140  yards  from  the  mouth  of  the  tunnel ;  contains  some  good  coal, 
5  feet  thick  ;  it  dips  60° ;  is  in  two  benches,  one  3^  feet,  the  other  15  to  18  inches — pink  ash. 

The  gangway  E.  on  the  Five-feet  coal  (in  the  Upper  Tunnel)  is  driven  about  500  yards. 
The  Upper  Tunnel  cuts  two  thin  coals  or  leaders,  the  S.  of  which  is  60  yards  further  than  seam 
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No.  4,  which  is  the  one  worked.  It  consists  of  2  feet  of  hard  bony  coal,  with  about  7  feet  of 
black  slate  underlying  it. 

BUSHY  VALIiEY. 

Bushy  Tract  is  bounded  on  the  S.  by  the  N.  line  of  the  Woodburn  Tract.  The  compass-line 
along  Bushy  Railroad,  from  the  head  of  the  railroad  on  the  axis-line  at  the  Old  Breaker  Schute,  is — 

S.  30°  E. — 98  feet  to  Spring  Coal  overlaid  by  sandy  slates  ;  dip  S.  50° ;  coal  about  6  feet  thick. 
+  83  feet  to  Eavine  Coal,  3  feet  thick  ;  dip  50°  S. 

+  68  feet  to  local  Lewis  Coal,      feet,  somethnes  runs  up  to  12  feet,  of  good  coal,  Eed  Ash  ;  dips 

from  40°  to  50°. 
+  283  feet  to  dirt  coal,  5  feet  thick. 
S.  18  E.— 250  feet  to  3-feet  coal. 

336  feet  to  a  2-feet  coal — pretty  good  quality. 
S.  4°  E.—- 180  feet  to  Adam  Stahl  Coal. 

Thence  to  Peach  Mountain  Coal. 
From  the  axis  at  the  brook  crossing  the  railroad  to  the  opposite  schute  of  the  Breaker  is  1070  feet ;  the  course 
is  S.  4°  E.    The  bearing  of  the  chord  below  the  Breaker  is  S.  12°  K,  distance  240  feet. 
S.  38°  W— 420  feet  to  the  next  turn  of  the  railroad. 
S.  22°  W. — 360  feet  across  the  curve. 

S.      — 180  feet  to  the  Switch-back  of  Casca  William  Eailroad.    The  N.  dips  of  the  quarry  of  sandstone 
and  conglomerate  are  N.  of  Switch-back  180  feet.  From  this  spot  to  Middleport  the  dips  seem  S. 

There  would  seem  to  be  an  anticlinal  in  the  tunnel  of  the  Stahl  Coal.  This  turn,  which  is 
the  axis  F,  affects  the  Stahl.  The  dip  in  the  gangway  is  about  35°  S. ;  ascending,  it  becomes  flat, 
and  then  descends  in  a  counter-dip.  The  miners  have  sunk  a  perpendicular  shaft  on  the 
top  of  the  saddle,  and  found  the  rock  horizontal,  with  shale  and  clay,  and  2  or  3  feet  of  coal, 
fragmentary,  and  probably  overlying  the  Stahl.  The  same  thing  occurred  in  an  exploration 
some  50  yards  further  E.  on  the  course  of  the  bed.  The  vertical  shaft  is  about  30  feet  deep  to 
coal  a  little  S.  of  the  crest  of  the  saddle.  On  working  a  few  feet  N.,  the  sandy  slates  were  found 
level,  and  then  rapidly  turning  down  into  N.  dips.  This  is  some  350  or  400  feet  E.  of  the  rail- 
road. The  drift-mouth  of  the  Adam  Stahl  is  to  be  placed  at  480  feet  from  the  small  South- 
dipping  vein. 

On  the  W.  side  of  the  railroad  the  Stahl  Coal  is  a  sound  good  coal,  from  4  to  7  feet  in  thick- 
ness. The  axis  shows  itself  as  flattening,  in  rising,  the  breast  in  the  gangway  both  to  the  E. 
and  W.    But  the  miners  never  drove  over  the  anticlinal. 

About  40  or  50  feet  above  the  Stahl  Coal  is  a  coal  about  3  feet  thick  near  the  outcrop. 
Its  presence  was  proved  on  the  W.  side  of  the  valley,  180  feet  above  this  is  another  coal  4  feet 
thick,  very  clean  and  rich,  but  soft  and  shelly. 

About  150  feet  still  higher  is  the  Big  Coal  ;  it  varies  from  3  to  8  feet  in  thickness.  In  driving 
this,  the  dips  were  seen  verging  more  and  more  to  the  E.  as  the  gangway  ran  E.  This  Big  Coal 
is  the  one  opened  at  the  crest  of  the  hill  on  the  road  to  Catawissa, 

About  130  feet  above  the  Big  Coal  comes  the  Slope  Coal,  which  at  the  Slope  dips  about  20°, 
and  steepens  below.  Its  direction  is  nearly  N.E.,  and  its  thickness  is  about  2  feet.  It  thickens 
and  thins  on  successive  swells. 

The  anticlinal  would  cross  the  railroad  a  little  S.  of  the  Breaker,  The  stack  of  the  Breaker  is 
about  350  feet  from  the  railroad  in  a  perpendicular  line. 
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The  anticlinal  axes  on  Bushy  Creek  are — 

1.  That  at  head  of  Bushy  Railroad. 

2.  Bennett's  Northern  axis  a  little  N.  of  the  gangway  of  the  Adam  Stahl  Coal. 

3.  Bennett's  Southern  axis  a  little  S.  of  Breaker,  &c. 

4.  The  axis  which  crosses  the  raiboad  near  the  fork. 

Meyers  Tunnels  on  Bushy. — The  lower  tunnel  cuts  through  greyish-ash  coal.  The  head 
of  this  tunnel  is  near  the  anticlinal  D.  The  last  coal  cut  is  the  Spring  Coal,  the  first  is  the  Lewis 
Coal.    The  tunnel  also  cuts  the  local  Lewis,  Eavine,  and  Spring  Coals, 

The  upper  tunnel  cuts  two  coals — 1st,  a  soft  coal  2  feet  thick  ;  the  2d,  about  6  feet  of  worth- 
less coal-dirt.    The  distance  between  them  is  about  30  feet,  the  dip  about  75°. 

Meyer  says  that  the  second  vein  on  the  N.  of  the  axis  of  the  Red-Ash  mines,  on  Hubley  Tract 
and  Casca  William,  is  the  same  as  the  second  which  he  found  on  the  N.  side  of  the  Bushy  axis. 

It  is  possible  that  one  or  more  veins  may  occur  between  this  axis  and  the  mouth  of  the 
tunnel,  but  none  have  yet  been  seen  besides  the  two  which  lie  directly  on  the  saddle. 

Mr  Meyer  ran  a  drift  on  the  second  vein  N.  of  the  anticlinal  about  300  feet ;  the  dip  was 
45°  N.  The  coal  S.  of  this  is  much  steeper  than  this,  and  steepens  as  it  descends.  The  second 
vein  appears  to  split,  and  the  N.  part  of  it  runs  off  with  a  gentle  dip,  both  dipping  N.  This 
lessening  of  the  dip  N.  of  the  axis  favours  the  idea  of  a  second  axis  S.  of  the  Upper  Tunnel,  as  at 
Casca  William.  North  of  this  second  coal  there  is  a  blank  (a  swampy  valley),  where  no  dips 
appear,  but  where  the  second  axis  may  come  in. 

The  slope  on  Bushy  at  the  Breaker  dips  N.E.  35°,  and  the  gangway  seems  to  turn  to  a  more 
Easterly  dip,  indicating  the  W.  end  of  the  synclinal.  The  rock  which  crops  out  on  the  road  from 
beneath  the  basin  at  the  anticlinal  axis  on  the  S.,  looks  very  like  the  underlpng  rock  of  the 
Peach  Mountain  Seam. 

The  Luther  or  South  Diamond  Coal  of  Casca  William  is  the  second  N.  of  the  Lower  Breaker,  and 
first  S.  of  the  Ravine  :  it  is  worked  through,  and  dips  about  55°  to  60°.  It  varies,  and  at  Casca 
William  is  in  steps.  The  seam  is  a  clear  good  Red-Ash  coal,  5  feet  thick,  and  has  a  strong  rocky 
2-inch  slate  in  it. 

Basin  F  H,  or  that  N.  of  the  Peach  Mountain  Basin,  from  Sharp  Mountain  to  Silver  Creel: 
— This  basin,  commencing  in  the  flank  of  Sharp  Mountain  S.  of  BrockviUe,  and  extending  to 
Silver  Creek  at  Quigley's  Hollow,  contains  few  or  no  extensive  coUieries  :  this  circumstance  is 
evidently  due  to  its  geological  structure,  which  is  that  of  a  much-compressed  obliquely  descend- 
ing or  folded  synclinal  trough.  Excepting  the  Peach  Mountain  basin  S.  of  it,  it  is  perhaps  the 
most  oblique  or  inverted  basin  in  the  coal-field.  A  glance  at  the  Casca  William  Section  will  make 
this  obvious  to  the  reader  :  it  shows  three  South-dipping  folded  troughs  in  the  N.  half  of  the 
basin  (the  Peach  Mountain  Basin,)  the  most  S.  being  the  most  squeezed,  and  this  one  next.  Being 
bounded  both  N.  and  S.  by  a  folded  anticlinal,  it  is  obvious  that  its  coal-seams,  all  of  which 
belong  to  the  readily  yielding  and  soft  upper  Red- Ash  Coal-measures,  must  be  very  generally  in 
a  crushed  and  bruised  condition  ;  and  we  cannot,  therefore,  be  surprised  that  this,  and  the  belt 
S.  of  it,  have  for  so  many  years  disappointed  all  efibrts  at  the  erection  of  permanently  productive 
collieries.  It  embraces  almost  precisely  the  same  coal-seams  which  are  included  in  the  Peach 
Mountain  belt ;  only  the  Peach  Mountain  Vein  itself,  the  uppermost  in  each  basin,  occupies  a 
shallower  and  narrower  trough.  This  identity  of  the  central  uppermost  seam  with  the  Peach 
Mountain  bed,  so  clearly  established  by  our  Section,  was  long  ago  shrewdly  conjectured  by  one  or 


PEACH  MOUNTAIN  BASIN. 


113 


two  of  tlie  practical  miners  of  the  neighbourhood,  who  have  laboured  long  but  fruitlessly  to  make 
these  Red-Ash  Coal-measures  productive. 

Basin  II  I,  or  Peach  Mountain  Basin — Sharp  Mountain  South  of  Patterson. — This  village 
is  itself  in  basin  D  F,  but  at  the  railroad  station  there  is  a  good  exposure  of  slates  dipping  S. 
20°,  and  in  the  hill  on  the  S.  flank  of  which  these  dips  occur,  there  is  evidently  a  synclinal  axis 
lying  S.  of  the  railroad.  At  the  E.  end  of  the  village  there  is  a  very  steejD  N.  dip  in  the  slate. 
That  there  is  a  basin  in  this  narrow-necked  hill  is  proved  by  shaftings  as  well  as  underground 
•  mining.    Indeed,  the  Palmer  Vein  gangway  is  worked  round  the  end  of  it. 

Milford  Colliery,  Peach  Mountain  Basin,  Tunnel  and  Slope. — The  slope  is  132  yards  down 
on  the  so-called  Clarkson  Coal,  and  100  yards  below  the  old  water-level  gangway ;  the  breast  is 
about  90  yards  ;  the  dip  at  the  top  of  the  slope  is  about  57°,  at  the  bottom  it  is  42°.  This  coal- 
bed  has  been  driven  E.  and  W.  from  the  bottom  of  the  slope  for  more  than  300  yards  ;  the 
average  thickness  is  5  feet  of  good  coal ;  there  are  occasional  slate  and  bony  partings  ;  it  varies 
from  2  to  6  feet,  and  has  a  covering  of  rotten  slate  from  1  to  3  feet  thick.  A  tunnel  is  being 
driven  (1853)  from  the  bottom  of  the  slope  on  the  Clarkson  Coal,  S.  to  the  Charles  Pott  Coal. 
The  Clarkson  is  N.  of  the  Charles  Pott  on  the  outcrop  about  400  yards.  The  tunnel  is  450 
yards  long.  It  starts  at  the  Charles  Pott  Coal,  and  runs  across  the  measures  until  it  strikes 
the  Palmer  in  S.  dip.  It  then  runs  along  the  Palmer  to  the  Eastward  for  440  feet,  and  is  then 
tunneled  again.    The  actual  tunnel-length  is  about  303  yards. 


Fig.  164.— Milford  Tunnel. 


The  Palmer  Coal  is  worked  on  its  N.  and  S.  dips  E.  of  the  tunnel.  The  range  of  the  N.  dip 
of  the  Palmer  Coal  is  in  the  N.  side  of  the  hill,  that  of  the  S.  is  in  the  S.  side  of  the  hill ;  the 
basin  lies  in  the  ravine,  270  yards  S.  of  the  tunnel's  mouth.  The  breast  of  the  South-dipping 
Palmer  Coal  is  64  yards,  and  the  North-dipping  is  58  yards  to  an  upper  level,  thence  the  same  dis- 
tance to  the  outcrop.  The  dip  of  the  North-dipping  Palmer  Coal  is  nearly  vertical,  but  the  dip  of 
the  N.  part  of  the  coal  is  S.  about  15° — not  enough  to  run  the  coal  down  the  breast  by  gravity. 
The  N.  and  S.  gangways  have  been  gradually  turning,  until  now  they  come  together,  thus 
making  the  end  of  the  basin. 

The  Palmer  Coal  contains  about  2  feet  of  very  solid  coal. 

The  Charles  Pott  Coal  is  also  about  2  feet  in  thickness. 

The  most  Southern  coal  cut  in  the  tunnel  is  about  52  yards  S.  of  the  North-dipping  Palmer. 

This  coal  is  by  some  thought  to  be  the  Charles  Pott  Coal,  but  the  Superintendent  considers  it 
identical  with  the  leader  cut  N.  of  the  South-dipping  Palmer. 

The  dip  of  slaty  sandstone  at  the  foot  of  the  breaker  of  Milford  Tunnel  S.  is  about  45°. 

The  coals  worked  by  Billy  Wall  at  Middleport — that  is  to  say,  the  two  N.  coals — are  the  same 
as  the  N.  dips  of  the  Charles  Pott  and  Palmer  Coals,  while  the  coal  worked  by  O'Brian  is  still  S. 
of  the  Milford  Tunnel,  and  there  is  a  drift  on  it  in  the  brook  S.  of  the  end  of  the  tunnel.  The 
Superintendent  says  that  he  has  shafted  a  coal  on  the  second  or  N.  spur  of  Sharp  Mountain : 
he  thinks  the  upper  of  this  series  are  the  same  as  those  worked  in  Beachem's  Tunnels. 

VOL.  II.  p 
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The  Clarkson  Coal  on  tlie  S.  dip  enters  at  water-level  below  the  breaker,  and  bas  been  worked 
E.  about  1100,  1200,  or  probably  1300  yards,  as  far  as  the  farmhouse  S.  of  Patterson.  There 
is  a  gangway  in  the  old  field  E.  of  the  farmhouse ;  here  the  outcrop  passes  N.  of  the  house. 
Generally  this  coal  has  a  gentle  S.  dip,  but  at  the  N.  end  of  the  slope  it  is  about  55°.  About  25 
yards  below  the  water-level  in  the  slope  there  is  a  rock-fault,  with  a  sudden  upcast  of  25  yards  ; 
it  entirely  cuts  off  the  coal  without  even  a  leader  :  this  is  an  unusual  thing  in  this  coal-basin. 
The  Clarkson  Coal  is  worked  by  Billy  Wall  at  Middleport, 

The  Charles  Pott  Coal  at  Milford  is  entered  by  a  drift  just  at  the  mouth  of  the  tunnel ;  the  * 
dip  is  55°  S.    The  slates  outside  show  a  dip  of  35°  or  40°  from  hill-side  pressure.    It  contains 
2  feet  of  good  hard  coal,  having  rock  at  the  top  and  slate  at  the  bottom.    It  was  worked  nearly 
as  far  as  the  Clarkson,  but  in  the  tunnel  it  was  mined  only  15  yards  each  way.    It  was  worked 
to  the  E.  by  Dr  Steinberger,  and  at  Middleport  by  Billy  Wall. 

It  is  believed  that  the  Palmer  Coal  has  both  a  N.  and  S.  pitch  on  the  Milford  property  S.  oi 
Milford  Colliery. 

Peach  Mountain  Basin  traced  from  Bushy  Valley  ivestward. — Started  from  the  quarr}' 
on  the  N.  side  of  the  anticlinal,  near  the  junction  of  the  Casca  William  and  Bushy  VaUey 
Railroad,  we  may  trace  the  axis  on  the  S.  side  of  the  Peach  Mountain  synclinal  over  to  Lick  Eun. 

If  followed  by  air-holes,  the  first  S.  dip  next  S.  of  the  North-dipping  rocks,  brings  us  out  S.E. 
of  Thompson's  house,  at  an  exposure  where  the  anticlinal  is  well  seen.  Following  the  strike 
with  care,  it  leads  into  the  road,  to  the  right  of  which  are  shafts  w^hich  run  on  to  the  Peach 
Mountain  Coal  of  Lick  Run.  There  therefore  remains  no  doubt  of  the  continuity  of  the  Peach 
Mountain  Basin  from  above  the  Casca  William  Fork  to  Lick  Run.  Mr  Murray  of  Lick  Run  says 
that  the  Peach  Mountain  Coal  had  been  wrought  on  both  sides  of  the  valley  on  both  dips,  the 
N.  dip  being  nearly  vertical,  the  S.  comparatively  gentle. 

Middleport  Synclinal  Belt,  or  General  Basin  between  the  Anticlinals  I  and  K. — After  the 
general  description  which  has  been  given  of  the  broad  and  undulated  trough  enclosed  between 
the  Peach  Mountain  anticlinal  I  and  the  Gate  Ridge  and  Silver  Hill  axis,  it  seems  unnecessary, 
in  the  present  imperfectly-opened  state  of  this  ground,  to  attempt  a  minute  systematic  descrip- 
tion of  it.  Indeed,  nearly  all  that  is  specifically  known  with  regard  to  its  coal-beds  will  be  found 
assembled  in  the  details  now  to  be  appended  of  the  several  mining  localities  which  it  embraces. 
If  these  are  carefully  perused  in  connection  with  the  Sections,  the  reader  will  be  in  possession  of 
nearly  all  the  data  accessible  for  a  further  tracing  of  its  numerous  valuable  but  much  twisted 
coal-seams.  It  may  be  well,  however,  before  entering  upon  these  details,  to  call  to  mind  the  fact, 
that  the  whole  of  this  belt,  but  especially  its  S.  half,  or  that  between  the  river  and  Sharp 
Mountain,  is  much  contorted,  and  that  it  is  not  possible,  with  our  present  knowledge  of  its  saddles, 
to  subdivide  it  into  continuous  basins.  The  only  regular  basin  which  traverses  the  belt  is  that 
which  extends  through  Middleport  from  Sharp  Mountain  to  Silver  Creek,  near  New  Philadelphia, 
and  the  synclinal  axis  of  which  I  have  named  ff,fff :  this,  it  will  be  perceived,  lies  many  hun- 
dred feet  N.  of  the  range  of  the  great  Norwegian  synclinal  of  the  N.  foot  of  the  Gate  Ridge 
which  passes  through  Cwmbola  and  Belmont.  Adverting  to  the  coal-seams  embraced  in  the 
division  of  the  belt  E.  of  Silver  Creek,  they  would  appear  to  belong  to  the  very  uppermost  group 
of  the  Red- Ash  series,  or  that  including  the  Peach  Mountain  and  Spohn  or  Lewis  beds.  A  refer- 
ence to  the  Casca  William,  Silver  Creek,  and  other  sections,  w^ill  make  this  immediately  apparent, 
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and  will  show,  moreover,  that  while  the  Peach  Mountain.  Basin,  so  called,  N.  of  axis  I,  contains 
but  a  very  narrow  trough  of  the  seam  of  that  name,  this  wider  and  less-folded  belt  possesses  a 
much  ampler  and  deeper  basin  not  only  of  that  coal,  but  of  the  locally-called  Palmer  Vein  below 
it,  and  of  the  Spohn  Vein  above. 

Middleport. — Coals  of  the  Spurs  E.  and  S.  of  the  Toivn. — There  is  an  anticlinal  in  the 
ra\4ne  at  Lawrence  and  Brian's  Old  Colliery,  There  are  here  five  coals,  four  of  them  mined,  and 
all  Eed-Ash  beds. 

a.  The  first  bed  is  worked  out  above  water-level,  and  is  not  regular  :  it  is  sometimes  7,  8,  or  12  feet  in  thick- 
ness, or  even  as  high  as  15  feet,  and  as  low  as  5  feet.  It  is  called  the  Big  Coal  Vein.  The  gangways  run  600 
yards  to  the  E. 

b.  There  is  another  bed  60  or  70  yards  N.  of  the  Big  Coal ;  it  is  sometimes  called  the  Gate  :  it  has  about  4 
feet  of  coal,  generally  regidar.  The  chp  is  45°  N.,  but  steeper  near  the  W.  end  of  the  hill.  It  is  clear  Red  Ash, 
and  good  coal.    The  gangway  runs  700  or  800  yards  E, 

c.  Bed  4  yards  N.  of  &;  has  on  it  a  gangway  100  yards  to  the  E.  It  has  Bone  coal  4  feet  in  thickness,  and 
in  the  shaft  on  the  hdl  it  has  4  feet  of  good  coal  and  3  feet  of  Bony  coal.    It  dips  steeply  N. 

d.  Is  60  yards  N.  of  c,  contains  3  feet  of  coal ;  it  has  been  worked  through  the  hill.    The  tUp  is  steej)  to  the  N. 

e.  Is  8  or  10  yards  N.  of  ;  its  dip  is  steep  to  the  N.,  and  it  has  6  feet  of  good  coal,  now  in  faidt.  It  has 
been  worked  300  yards  E.  These  two  wiU  probably  enter  the  Milford  Spur,  while  the  other  three  will  range  S. 
of  the  ridge,  and  enter  S.  of  the  farmhouse. 

Shaft  ings  and  Tunnel  S.E.  of  Middleport. — There  is  a  steep  S.  dip  on  the  railroad  at  Middle- 
port.  The  coal  is  worked  by  Larry  O'Brian.  S.E.  of  Middleport  is  the  "  Big  Gate,"  with  steep 
dipN. 

Dr  Steinberger,  the  proprietor,  thinks  it  the  N.  pitch  of  the  bed  which  at  Milford  is  worked 
on  the  S.  dip.    The  coal  and  adjoining  rocks  are  much  alike. 

Passing  S.  across  a  ravine,  we  come  upon  the  Palmer  Coal  with  quite  a  steep  N.  dip.  Dr 
Steinberger  has  traced  four  beds  around  the  E.  end  of  a  synclinal  by  his  shafts.  S.  of  this  are  N. 
dips  for  some  distance,  forming  the  N.  side  of  the  anticlinal  lying  S.  of  the  above  trough.  There 
is  a  10-feet  coal  N.W.  of  the  tunnel,  on  the  S.  side  of  the  ravine.  The  dip  is  very  gentle  to 
the  S,  The  course  of  the  tunnel  is  S. ;  the  length  is  420  feet ;  it  cuts  only  one  vein  at  its  far 
end,  which  is  1 0  feet  thick,  and  contains  6  feet  of  good  coal ;  the  dip  is  nearly  vertical.  N.  3 1 5 
feet  from  the  tunnel  is  the  shaft  of 

Coal  No.  1.  The  bearmg  of  the  tunnel  is  S.  19°  E.  ;  the  dip  of  the  coal  is  36°  S.  ;  over  it  is  Nut-conglomerate. 
There  is  a  stream  40  feet  from  tunnel,  and  280  feet  to  the  foot  of  the  ridge. 

Coal  No.  2.  is  490  feet  from  the  tunnel ;  its  dip  is  36°  S.  ;  it  is  14  inches  thick. 

Coal  No.  3.  is  680  feet  from  the  tunnel,  the  dip  as  above ;  it  has  22  inches  of  coal.  N.  of  this  is  the  anti- 
clinal.   The  distance  from  the  tunnel  to  the  first  N.  dip  is  1190  feet. 

Coal  No.  4.  There  is  a  lower  coal  very  thin  on  the  S.  side  of  the  anticlinal ;  it  has  been  foUowed  romid  by 
shafts,  and  found  out  to  be  the  fourth  coal  of  those  dipping  N.  on  the  other  side  of  the  axis. 

General  BecheVs  Tunnel,  S.  of  Middleport,  is  1 40  yards  long  ;  it  crosses  the  strata  to  the  S. 
in  the  N.  side  of  Sharp  Mountain.  This  is  what  at  present  is  called  Dado's  Tunnel ;  it  was 
wrought  by  Neville. 

Nevilles  Mine,  S.E.  of  Middleport. — The  coals  have  been  shafted  around  an  anticlinal  axis  next 
S.W.  of  the  hill  of  Milford  Tunnel.  The  basins  N.  and  S.  of  Silver  Hill  and  the  intervening  axes 
are  proved  by  Dr  Steinberger's  shaftings.    The  next  axis  is  proved  by  topography,  and  the  dips 
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of  the  strata  on  its  N.  side.  There  are  therefore  three  anticlinals  S.AV.  of  the  Milford  Tunnel  Hill, 
combining  to  form  the  broad  shoulder  of  the  Sharp  Mountain  near  IMiddleport,  A  line  of 
outcrop  extends  from  the  Lower  Beachem  Tunnel,  about  2  miles  to  the  E.  The  turn  of  the  S. 
basin  is  about  800  yards  E.  of  Dado's  Tunnel.  Neville  works  a  large  coal  in  the  New  Tunnel,  on 
the  axis  next  N.  of  this  basin  of  Dado,  and  also  works  it  in  the  Dado  Tunnel. 

It  has  been  supposed  that  the  range  of  the  shafting,  &c.  in  the  Eight-feet  Coal  of  the  Lower 
Tunnel  would  lie  in  a  curve  towards  Middleport  S.  of  Milford  Tunnel  Hill ;  but  as  that  curve 
reaches  round  to  Steinberger's  Basin,  the  exact  course  is  uncertain.  Possibly  an  anticlinal  comes 
out  N,  of  the  basin  in  question,  which  will  make  the  curve  not  a  blunt,  but  a  somewhat  more 
sharply-looped  one. 

Steinberger's  Mines,  half  a  mile  S.  W.  of  Middleport. — Near  the  valley  of  the  railroad,  Dr 
Steinberger  is  working  the  tunnel  coal  from  5  to  6  feet  thick.  He  has  driven  his  tunnel  80 
yards  (October  1853),  and  has  cut  three  veins.  The  tunnel  is  driven  S.  The  Gate  Coal  is  drifted 
on  N.  of  the  mouth  of  the  tunnel.  Dr  Steinberger  is  about  putting  a  slojie  upon  it.  The  first 
coal  in  the  tunnel  is  40  yards  from  its  mouth  ;  it  measures  5  feet  in  thickness,  but  half  of  it  is 
Bony.  The  second  coal,  7  yards  further  on,  is  a  good  coal,  from  3  to  4  feet  thick.  The  remain- 
ing 33  yards,  at  the  back  of  the  tunnel,  is  not  usually  good  ;  the  coal  is  in  fault,  but  when  it 
is  good,  it  is  5  or  6  feet  thick.    All  these  beds  have  a  nearly  vertical  N.  dip. 

COALS  AT  MIDDLEPORT. 
The  Clarlcson  Seam  at  Middleport  was  opened  and  identified  by  Mr  Thompson  ;  its  dip  is 
S. ;  it  contains  3  feet  of  coal  and  3  feet  of  dirt,  Bone  Coal,  and  slate-top.    It  was  shafted  E.  to 
Milford  Colliery. 

The  Charles  Pott  Coal  is  2-^  feet  thick,  and  faulty  at  Middleport.  Havener  worked  it  on  its 
S.  dip  W.  of  Middleport,  but  the  coal  was  not  good. 

The  Palmer  Bed  varies  from  20  inches  to  2^  feet  of  good  coal.  All  the  S.  dip  was  worked 
on  the  N.E.  side  of  Middleport  by  Patrick  Freeman  on  Hensinger's  property. 

The  Little  Tracey  Coal  has  been  shafted  W.  of  Middleport ;  its  dip  is  S. ;  its  thickness  2^ 
feet ;  it  has  under  it  a  coarse  Nut-conglomerate. 

The  Peach  Mountain  Vein  at  Middleport  is  from  2h  to  4  feet  thick,  with  a  fine  leafy  roof 
and  a  slate  bottom.  This  bottom-slate  is  7  feet  thick,  and  under  it  is  a  small  rough  bed,  which 
looks  like  "baked  bread  :"  it  has  no  grain  or  lamination,  but  is  like  "  twisted  dough  :"  the  coal 
is  good,  and  of  a  rather  pinkish  Ked  Ash.  The  Peach  Mountain  Coal  has  the  usual  parting- 
slates,  always  recognisable,  but  here  they  are  thin.  The  small  underlying  coal  is  well  known 
at  Potts ville.  It  has  1^  inches  in  thickness  of  a  dull  coal,  like  coarse  cannel-coal,  for  its  top  ply, 
both  at  Middleport  and  JMill  Creek.    The  Peach  Mountain  Coal  is  worked  as  far  as  Silver  Creek. 

The  Sj^ohn  Coal  at  Middleport  is  worked  by  H.  Uren  ;  on  its  S.  dip  it  was  from  6  to  7  feet 
thick,  and  when  faulty,  declined  to  2  or  3  feet.  It  had  the  same  roof  and  slate  as  at  Belmont 
(Five  Points)  and  Centre  Turnpike. 

COLAHAN'S  GATE  VEIN  COLLIERY. 

Colahan  and  O'liannans. — There  is  an  anticlinal  axis  well  exposed  in  the  bank  on  the  side  of 
the  river,  from  which  axis  the  centre  of  the  railroad  bridge  is  distant  about  100  feet.    S.  of  this 
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is  another  axis,  and  the  basin  between  them  has  on  its  S.  side  perpendicular  and  inverted  dips. 
The  Perpendicular  Coal,  here  worked  by  Colahan,  is  said  by  him  to  be  the  Gate  Vein,  but  in  the 
existing  imperfect  state  of  development  of  this  much-undulated  belt,  from  Silver  Hill  to  the 
true  Gate  Ridge,  it  is  premature  to  pronounce  upon  an  identity  so  doubtful. 

Coals — Big  Gate  Bed.— At  this,  the  first  place  where  it  was  discovered  E.  of  Pottsville  in 
the  year  1845,  the  dip  was  perpendicular  :  it  was  worked  entirely  above  water-level :  it  had  300 
feet  of  breast  :  its  gangway  extended  W.  600  yards,  and  its  thickness  was  from  10  to  12  feet 
from  slate  to  slate.  The  intermediate  slate  varies  from  2  feet  to  16  inches  in  thickness  :  both 
benches  are  worked,  the  N.  being  of  an  average  thickness  of  6  feet — the  S.  bench  was  from  2 
to  2^  feet  thick.    The  coal  was  not  very  solid. 

In  the  N.  dips,  lying  N.  of  the  Gate  Coal,  two  veins  have  been  proved.  The  whole  section 
shows — 

1.  21  feet  N.  of  the  Gate  Coal  a  small  vein  3  feet  thick.  It  was  worked  by  Preston  half  a  mUe  W.  of 
this,  where  it  was  5  feet  thick.  Here  it  was  worked  200  yards,  and  became  faulty.  About  3  feet  S.  of  it  is 
a  regidar  band  of  iron  ore  in  slate. 

2.  40  yards  N.  of  this  a  faulty  bed  3^  feet  thick.  It  has  been  shafted  at  Preston's ;  it  proved  at 
Havener's  to  be  good  for  nothing.  Its  crop  is  near  Colahan's  present  Breaker.  The  S.  slate  is  very  reddish  and 
shaly  ;  the  N.  slate  is  a  tough  or  bony  rock. 

3.  64)  feet  N.  51°  W.  from  the  end  of  the  Breaker  there  are  about  3  inches  of  a  somewhat  pebbly  sandstone 
with  perpendicidar  dip  ;  N.  of  this  the  measures  are  slightly  more  inverted  ;  at  150  feet  it  has  a  strong  N.  dip, 
and  at  175  a  dip  of  about  35°  N.,  in  a  soft  shaly  rock.  A  thin  seam  occurs  here,  but  its  thickness  was  not 
proved  ;  the  dips  were  fast  flattenmg.    It  was  250  feet  from  the  Station. 

4.  In  a  du-ection  N.  32^°  W.,  measuring  193  feet  to  the  centre  of  basin,  the  dips  continue  flat.  A  vein,  not 
proved,  is  here  supposed  to  be  at  150  feet  on  this  course. 

5.  N.  9°  10'  E.    215  feet  brings  us  to  a  small  3-feet  coal ;  the  dip  is  S.  about  45°. 

At  315  feet  is  the  centre  of  the  anticlinal. 

At  360  feet  is  a  small  North-dipping  coal,  and  at  415  feet  is  the  W.  abutment  of  the  raUroad 
bridge. 

Section  South  of  the  Big  Gate  Coal,  course  S.  56^°  E. — At  100  feet,  conglomeritic  sandstone  : 
260  feet  to  Little  South  Gate ;  coal  5  feet  thick,  but  variable  ;  at  one  time  it  measured  25  feet, 
with  perpendicular  dip.  The  Bone  Coal  is  on  its  N.  side,  and  the  black  slate  on  its  S.  side, 
25  feet  further  S.  is  the  main  South  Gate.  Its  average  thickness  is  7  feet.  The  upper  and  lower 
slates  are  perpendicular,  like  the  preceding. 

120  feet  across  the  strike  is  another  South  Gate.  Across  the  strike,  180  feet  S.  from  this,  is 
what  Mr  O'Hannan  thinks  is  the  Selkirk  Coal :  it  has  been  shafted,  but  is  not  worked  ;  (iip  per- 
pendicular ;  average  thickness  7  feet  ;  bony  slate  on  N.  side.  Layer  of  slate  about  middle,  one 
foot  thick.  About  100  feet  across  the  measures  from  this  is  a  3-feet  vein,  faulty  dip  S.  50° :  169 
feet  further  is  a  2-feet  coal  called  the  Small  Vein,  dip  perpendicular,  20  feet  thick  at  outcrop  : 
not  faulty,  but  very  variable  ;  has  been  worked. 

Axis  further  to  the  East. — About  200  feet  S.  of  this  axis  is  the  Black  Mine  Vein,  about 
8  feet  thick  ;  3  feet  bottom  bench  ;  4  inches  undermining  ;  5  feet  top  bench  ;  roof  strong  bony 
coal.  From  this  Southward  75  feet  is  the  Tunnel  Vein,  well  shafted  on  ;  about  6  feet  thick, 
two  benches — much  the  same  as  the  Black  Mine.  The  Salem  lies  S.  of  this  ;  it  was  shafted  near 
Middleport  by  John  M°Kachney  of  Tamaqua. 
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NEW  PHILADELPHIA. 

Preston's  Colliery  {Neville  and  A.  Laivtons)  opposite  New  Philadelphia. — In  the  year  1853, 
a  slope  was  sunk  some  liundred  feet  S.  of  the  breaker  here.  It  is  upon  the  Selkirk  Coal,  dipping 
S.  75°,  now  (Oct.  1853)  sunk  GO  yards.  The  coal  varies  from  8  to  14  feet  thick,  averaging 
10  or  11  feet  of  good  coal. 


Flu.  165. — Section  at  Pi'eston's  (Neville's)  CoUieiy  off  New  Philadelphia,  looking  E. — 400  feet  =  1  inch. 


Coals. — The  first  vein  on  which  a  gangway  was  driven  on  the  AV.  of  the  creek  contained 
about  2  feet  of  a  coarse  faulty  coal  ;  the  dip  was  perpendicular  :  22  yards  to  Northward  of 
this  are  two  coals  separated  by  about  10  feet  of  slate  ;  the  S.  one,  with  a  gangway,  contains  2 
feet  of  poor  coal ;  dip  perpendicular  :  31  yards  N.  to  Little  South  Gate,  has  from  2\  to  3  feet 
of  good  coal ;  dips  perpendicular  75  yards  to  South  Gate.    This  has  been  worked  four  years  j 
on  the  E.  and  N.  sides  of  the  valley.    On  the  E.  side  it  was  worked  in  400  yards,  when  it  ran  \ 
into  a  partial  fault.    On  the  W,  side  there  was  a  complete  fault  at  300  yards'  distance  ;  dip  of  the  ; 
South  Gate  85°  S.    The  average  thickness  of  the  South  Gate  is  7  feet ;  the  S.  bench  is  3  feet — 
divided  by  from  2  to  3  feet  of  slate.    The  N.  bench  has  4  feet  of  rather  soft  shelly  coal  ;  the  S.  j 
bench  is  good  coal,  and  outcrops  on  the  surface  of  the  hill  ;  but  the  N.  bench  saddles  24  or  25 
yards  under  the  surface  on  the  summit,  and,  turning  down  (according  to  Preston)  by  the  side 
of  the  main  or  North  Gate,  makes  from  12  to  14  feet  of  good  pure  coal  with  no  bench. 

Main  or  North  Gate. — Has  one  solid  bench  of  good  coal,  averaging  from  9|  to  10  feet  in 
thickness — in  one  place  it  is  19^  feet  thick,  and  runs  so  for  8  or  10  yards  ;  dip  85°  N.  The 
distance  between  the  North  and  South  Gate,- at  the  gangways,  is  14  yards  on  the  E.  side,  and  21 
yards  on  the  W.  side  of  the  valley. 

The  measures  on  the  E.  and  W.  drifts  are  generally  sandstone,  with  a  good  deal  of  iron  ore,  \ 
but  for  15  yards  S.  of  the  Gate  Coals  we  have  soft  slates. 

About  12  yards  N.  of  the  North  Gate  we  have  the  Little  North  Gate.  It  contains  4^  or  5  feet  of 
good  coal.  The  dip  is  85°  N.,  and  parallel  to  the  North  Gate  Coal.  All  these  coals  have  from  60  to 
70  yards  breast.  The  North  and  Little  North  Gate  mines  were  commenced  in  the  spring  of  1852. 

John  Preston's  mine  sends  an  average  of  60  tons  of  coal  daily  to  market. 

There  has  within  the  past  year  (1852)  been  a  slope  sunk  on  the  Selkirk  Vein,  S.  of  all  the 
Gate  veins  :  the  dip  is  75°  S. 

Lick  Run. — The  first  coal  of  Casca  William  has  been  worked  at  Lick  Eun ;  N.  of  this  is  the 
Big  Diamond,  mined  by  Murray  under  the  name  of  the  Big  Tracey.  The  working  was  probably 
on  the  S.  side  of  the  saddle ;  the  N.  dip  is  not  seen.  N.  of  this  saddle  is  the  comb  or  crest  of 
conglomerate  and  sandstone,  which  has  been  traced  from  Casca  William,  and  overlies  the  Adam 
Stahl.  To  trace  this  we  ascended  the  comb  of  the  hill,  and  followed  it  on  the  strike,  having  a 
series  of  shaftings  on  our  right,  or  N.  of  the  crest,  and  near  it.  These  are  on  the  coal  seen  directly  j 
beneath  the  conglomerate  ;  N.  of  these  again  are  Quigley's  openings.    The  drift  on  Silver  Creek  : 
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is  on  the  coal.  Following  the  crest,  we  struck  the  road  on  Silver  Creek  300  feet  N.  of  the 
Spring  Coal.  The  anticlinal  of  the  Spring  evidently  lifts  the  same  conglomerate.  This,  I  think, 
is  the  axis  between  the  synclinal  of  the  Peach  Mountain  or  Small  Coal,  and  that  of  the  Tracey  or 
Big  Diamond,  which  is  the  large  coal  wrought  by  Murray  on  Lick  Run. 

Mr  Murray  worked  the  Big  Tracey  on  the  S.  dips  of  a  coal,  and  proved  the  synclinal  axis  by 
driving,  near  the  angle,  4  feet  across  into  the  N.  limb.  The  distance  of  the  outcrop,  at  the  sur- 
face of  the  two  dips,  is  40  yards.  He  says  that  the  S.  pitch  is  very  variable.  Towards  the 
bottom  the  vein  swelled  out  to  some  20  feet  thickness.  The  thickness  of  the  seam  is  very 
changeable.  It  contains  some  very  firm  sound  coal,  and  some  mere  dirt.  He  thinks  that  the 
Stahl  Coal  is  S.  of  the  conglomerate,  or  between  it  and  the  Big  Tracey.  Thompson  and  others,  as 
above  stated,  place  it  near  and  beneath  the  conglomerate,  or  correspondingly  to  the  5-feet  seam 
proved  by  Murray.  From  the  range  of  the  Tracey  it  is  525  paces  to  the  Southern  edge  of  the 
conglomerate. 

Immediately  under  the  conglomerate  we  saw  Murray's  Drift,  and  100  feet  further  N. 
another  drift,  and  60  feet  further  a  third.    On  the  E.  side  are  two  drifts,  150  feet  apart. 
Coals  ascending  Lick  Run — 

1.  Palmer  Coal,  3  to  3^  feet  thick ;  good  coal ;  worked  up  to  the  line  of  the  Barrow  and  Evans  Tract.  Dip 
35°  S. 

2.  Cliarles  Pott  Coal  is  the  same  in  dip  and  quahty,  and  has  been  worked  by  the  same  person  to  about  the 
same  limits. 

3.  Glarkson  Coal  is  not  worked  here,  there  being  a  long  blank  space. 

4.  Peach  Mountain  synchnal  coal,  with  N.  and  S.  dips.  It  is  entered  by  a  gangway  on  both  sides  of  the 
ravine.  The  S.  part,  or  perpendicidar  dip,  is  from  4  to  5  feet  thick,  and  the  N.  side  with  S.  pitch  from  3  to  5 
feet.  The  coal  is  a  good  quality  of  Red-Ash  anthracite,  but  very  faulty.  The  Peach  Mountain  must  be  the 
same  as  the  Charles  Pott. 

5.  Big  Diamond  (so  caUed).  The  drift  on  this  bed  is  higher  up  the  creek.  It  was  worked  by  B.  and  W. 
Murray.  The  dip  on  the  top  of  the  hUl  is  35°  S.  The  thickness  of  this  coal  ranges  from  4  to  7  feet ;  it  some- 
tunes  swells  to  20  feet.    Between  Nos.  4  and  5  are  two  other  coals  which  have  not  been  mined. 


CHAPTER  VI. 

COAL-FIELD  BETWEEN  SILVER  CREEK  AND  MILL  CREEK,  ANTICLINALS,  BASINS, 

AND  COLLIERIES. 

Flexures  on  Silver  Creek. — For  a  clear  conception  of  the  structure  of  the  coal-field  on  Silver 
Creek,  the  reader  should  consult  the  elaborate  Section  in  Plate  I. 

Anticlinal  Axes. — 1.  The  axis  of  Guiterman's  Coal,  axis  D,  at  the  head  of  the  open  valley,  is  the  same  as 
that  of  Johns  and  Pinkerton,  Mill  Creek,  and  that  of  the  Casca  William  spur. 

2.  The  axis  of  NeiU's  N.  Diamond  Coal,  axis  E,  is  but  a  minor  wrinkle  on  Silver  Creek.  It  is  highest  or 
sharpest  E.  of  Neill's  on  Silver  Creek,  and  flattens  and  seems  to  die  to  the  Eastward,  for  his  gangway  turns  its 
E.  part  at  the  distance  of  600  yards,  and  the  gangway  above  the  water-level  also  turns  round  W. 

3.  The  next  is  the  axis  first  S.  of  NeUl's  Breaker,  and  on  the  W.  side  of  Silver  Creek,  in  a  small  spur  just 
S.  of  the  lower  road  to  Eagle  Hill,  or  at  Capewell  and  Dovey's  Cistern.    It  is  axis  F.  of  the  Map  and  Sections. 
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4.  The  axis  G  is  that  of  CapeweU  and  Dovey's  South-clipping  slope,  and  is  seen  in  Quigley's  Hollow  N.  of 
his  old  (h-ifts. 

5.  The  axis  H  is  seen  just  S.  of  the  Spring  below  the  mouth  of  Quigley's  Hollow,  and  crosses  Silver  Creek 
in  Fitzimmons  Spur. 

The  thick  beds  of  conglomerate  and  coarse  sandstone  in  the  Red-Ash  Coal-measures,  useful 
for  recognition  of  the  coal-beds,  are  : — 

1.  A  conglomerate  lying  between  the  N.  and  S.  Diamond  veins.  It  is  cut  in  Neill's  Tunnel,  and  must 
therefore  be  cut  in  the  Casca  William  Red- Ash  Tunnel. 

2.  Another  overlying  the  S.  Diamond,  of  wliich  it  forms  the  roof  It  is  a  coarse  pebbly  sandstone,  weathers 
pinkish  and  yellowish,  and  bleaches  grey. 

3.  A  conglomeritic  sandstone  of  the  synclinal  axis  S.  of  NeiU's  Breaker.  This  third  bed  forms  next  S.  an 
anticlinal,  and  probably  immediately  beyond  it  another  synclinal  axis. 

The  road  which  passes  from  Silver  Creek  over  to  Lick  Eun,  leaving  the  former  a  few  yards 
S.  of  the  Valley  Furnace,  crosses  the  anticlinal  which  lies  immediately  S.  of  the  Furnace.  The 
dips  on  the  E.  side  a-re  perpendicular  and  inverted,  and  on  the  S.  side  steep  and  then  gentle. 
It  leads  out  into  the  Lick  Eun  Valley,  and  to  the  end  of  the  lower  dii't-heap  of  the  Lick  Eun 
Works.  The  argillaceous  mealy  sandstone,  with  conglomerate  which  underhes  the  folded  syn- 
clinal, seen  next  N.  of  the  furnace,  is  seen  on  both  sides  of  this  anticlinal.  The  line  of  this  last 
would  cross  Lick  Eun  near  the  old  Breaker. 

On  revisiting  this  road,  we  found  the  strike  of  the  mealy  sandstone  on  the  S.  side  of  the 
axis  to  be  N.  73°  E. 

This  soft  conglomeritic  sandstone  appears  to  be  inferior  to  that  which  underhes  the  Peach 
Mountain  Coal  of  Casca  William,  and  even  to  the  Clarkson  Coal  of  that  vicinity.  In  other 
words,  we  are  here  on  the  S.  dips  of  the  first  anticlinal  N.  of  Middleport,  but  a  little  lower 
in  the  series  than  anything  there  lifted  to  the  water-level.  This  vein  places  the  conglomerate 
supporting  the  Casca  William  Peach  Mountain  bed  in  the  centre  of  the  S.  basin  of  Lick  Eun, 
but  high  on  the  knob  E.  of  that  valley. 

COALS  ON  SILVER  CEEEK. 

The  lowest  coal  fully  known  on  Silver  Creek,  in  1853,  and  displayed  in  a  gangway  driven 
E.  about  300  yards,  has  an  average  thickness  of  9  feet.  It  is  so  represented  in  the  Silver 
Creek  Section,  where  its  position  is  also  shown.  It  consists  of  two  benches,  the  upper  varying 
from  4  to  5  feet  in  thickness,  and  the  lower  one  from  2-^  to  3  feet,  with  a  slaty  parting  between 
them.    It  is  a  good  Grey-Ash  coal,  perfectly  pure,  the  dip  not  too  steep  for  mining. 

The  Big  Coal — formerly  Chad  wick's,  and  now  mined  by  Guiterman,  Harper,  and  Company — 
is  from  50  to  60  feet  thick,  the  dividing-slate  in  some  places  being  10  feet  thick,  in  others  only 
half  a  foot.  The  more  correct  average  thickness  of  this  Big  Coal  is  45  feet,  divided  into 
benches,  with  partings  of  slate  and  soft  mining.  It  is  said  to  yield  two-thirds  merchantable 
coal.  At  the  outcrop  its  dip  is  40°  S.  Length  of  breast  to  outcrop  190  yards  :  the  outcrop  is  on 
a  well-marked  bench  of  the  mountain.  The  gangway  was  driven  900  yards  E.  The  top  keeps 
regular,  while  the  bottom  flattens  in  places  when  the  coal  becomes  thicker.  The  capacity  of  this 
coal-mine  is  such,  that  the  miners  might  easily  load  60  cars  per  day,  of  5  tons  each. 
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Tuckers  Big  Coal. — The  outcrop  of  this  coal  is  about  45  yards  above  the  water-level,  making 
it  150  yards  to  the  bottom  of  the  slope  at  the  time  of  observation  :  the  thickness  of  the  coal 
varies  from  3  to  13  feet.    In  the  slope  the  dip  is  steeply  S. 

Neill's  Slope  is  on  the  N.  Diamond  of  Casca  William,  or  that  next  N.  of  the  Casca  William 
Slope.  A  tunnel  under  water-level  goes  from  the  N.  Diamond  to  the  S.  Diamond  and  Neill 
mines,  both  coals  to  the  E.  and  W.  of  the  centre  of  Silver  Creek  Valley.  This  colliery  estate 
runs  \^  miles  E.  and  W.  The  tunnel  is  58  yards  in  length  ;  that  at  Casca  William  is  55  yards. 
Both  cut  the  same  measures.  Neill's  cuts  a  conglomeritic  sandstone  -20  yards  S,  of  the  North 
Diamond  Coal,  and  it  averages  almost  15  feet  in  thickness. .  Dip  in  the  tunnel  42°,  in  the 
slope  38°. 

Big,  or  North  Diamond. — Seven  feet  of  dirt.  It  is  faulty,  and  contains  no  merchantable  coal. 
It  is  identical  with  the  Gin  Vein  in  the  new  slope  of  Chad  wick  and  Co.,  on  S.  dip  of  axis  G.  The 
South  Diamond  has  6  feet  of  a  deep  Red- Ash  coal,  perfectly  pure,  with  not  an  inch  of  parting- 
slate.  There  are  two  other  higher  coals  S.  of  the  South  Diamond,  between  it  and  the  hard 
sandstone  and  conglomerate  of  the  synclinal  axis.  Close  above  the  South  Diamond  is  a  sand- 
stone and  pebbly  rock  of  considerable  thickness. 

The  Primrose  Coal  on  Silver  Creek  has  not  been  wrought ;  and  now  that  the  new  railroad 
is  placed  so  high,  it  w411  not  be  mined  above  water-level. 

The  coal  on  Lick  Run,  wrought  by  Murray,  is  the  same  as  that  worked  at  Silver  Creek  in 
the  slope  N.  of  the  furnace.  The  coal  seen  in  the  anticlinal  flexure  directly  S.  of  the  furnace  is 
evidently  a  seam  under  the  folded  one,  or  Peach  Mountain  Vein,  of  the  synclinal  of  the  furnace. 

Capewell,  Dovey,  and  Southall's  Peach  Mountain  Slope,  near  the  Valley  Furnace,  on  the  W. 
side  of  Silver  Creek  Valley,  was  not  wrought  in  1853. 

The  Peach  Mountain  Coal  is  said  to  be  in  strike  with  the  seam  which  outcrops  just  below  the 
furnace.  The  slope  is  50  yards  below  the  water-level.  The  pitch  of  the  coal  is  steady  at  45°  S. 
A  gangway  was  driven  W.  towards  Eagle  Hill  (Zacliariah's  Run)  700  yards.  There  were  550 
yards  of  good  coal ;  other  150  yards  were  faulty.  The  coal  has  an  average  thickness  of  from  4 
to  5  feet.  There  are  three  benches  with  undermining  between  them  ;  the  lower  bench  is  1 8  inches 
thick,  of  the  best  quality  of  coal ;  the  top  is  of  slate,  poor  and  irregular  ;  the  bottom  has  a  strong 
sandy  slate, — thicknesses  not  proved.  On  going  down,  the  slope  encounters  the  Perpendicular 
Vein,  causing  confusion  where  it  strikes  it ;  beyond  this  it  is  regular.  The  slope  continues  about 
10  or  15  yards.  It  is  thought  that  the  same  coal  is  worked  by  Greene  on  Eagle  HiU.  The  coal 
here  called  the  Perpendicular  Vein  has  a  S.  dip.  In  the  Western  Gangway  they  have  tunneled 
across,  and  struck  the  Perpendicular  Coal,  and  in  a  few  feet  the  Slope  Coal.  The  Perpendicular 
Coal  varies  in  thickness,  having  from  2  to  5  feet  of  good  sound  coal  ;  it  is  then  nipped  out  East- 
ward, and  the  Slope  Coal  and  Perpendicular  Coal  come  together. 

Twenty-five  yards  N.  of  the  Peach  Mountain  is  the  Little  Tracey  Coal,  from  3  to  4  feet 
thick  ;  then  comes  the  Big  Tracey,  which  is  8  feet  thick,  N.  of  which  is  the  Fitzimmon's  Drift, 
leading  about  150  yards  to  the  W. 

The  bearing  of  Spohn  Coal  air-shaft  from  the  opening  on  the  E.  side  of  the  road  is  from  1 2° 
to  14°  S.  of  W.  ;  dip  of  coal  about  45°  S.  A  drift  was  recently  opened  below  the  furnace  500 
feet,  showing  measures  and  coal  dipping  from  20°  to  30°  S.,  but  faulty. 
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ANTICLINAL  AXES  TEACED. 

Axis  D. — This  anticlinal  was  traced  from  the  point  of  the  spur  at  the  Casca  William  White- 
Ash  Slope,  along  the  flexure  of  Guiterman's  Big  Coal  at  Silver  Creek  ;  thence  through  the  high 
valley  S.  of  Mine  Hill,  N.  of  Ravensdale  and  Crow  Hollow  Hill,  and  N.  of  Milne's  and  Snyder's 
Upper  and  Lower  Slope  collieries,  and  in  the  arch  of  the  conglomerate,  which  there  supports  the 
Skidmore  Coal,  and  out  to  Mill  Creek  Valley  at  Johns'  great  dirt-heap. 

Axis  E. — This  was  traced  from  Casca  AVilliam,  at  the  flexure  of  the  South  Diamond  Coal, 
through  to  Silver  Creek,  immediately  N.  of  the  slope  on  the  Big  Diamond  (Neill's),  and  across  Silver 
Creek,  where  it  passes  directly  under  the  Public  School-house,  and  thence  over  the  watershed 
and  down  a  ravine  leading  into  the  valley  of  Zachariah's  Run  at  Windy  Harbour.  Declining 
Westward,  it  is  the  flexure  which  causes  a  great  and  sudden  change  in  the  trend  of  the  Mam- 
moth and  overlying  coal  at  the  head  of  Crow  Hollow.  This  axis  appears  on  Mill  Creek, 
passing  under  the  swell  of  hills  S.  of  Milne's  and  Snyder's  Slopes,  whence  it  crosses  the  valley 
to  undulate  the  Big  Vein  and  the  Primrose  Coal  on  the  opposite  side  W.  of  St  Clair. 

Axis  F. — This  is  the  axis  next  S.  of  the  Red- Ash  Slope  at  Casca  William,  from  whence  we 
traced  it  through  Lick  Run  directly  N.  of  the  massive  bed  of  conglomerate,  where  it  is  exposed 
on  the  old  railroad,  above  the  most  Northern  drifts ;  thence  it  was  followed  patiently  to  Silver 
Creek,  through  Quigley's  Hollow  and  the  hill  W.  of  it.  It  appears  on  Silver  Creek  as  the 
anticlinal  in  the  centre  of  the  double  fold  of  conglomerate  cut  by  Tucker's  Railroad.  Across 
Silver  Creek  it  appears  in  the  low  spur  next  S.  of  that  which  sustains  the  School-house,  and, 
rising  and  expanding  Westward,  it  comes  out  on  Zachariah's  Run  just  N.  of  the  folded  synclinal 
vein  of  Windy  Harbour.  This  is  probably  the  same  anticlinal  which  passes  through  Crow 
Hollow  on  its  S.  side,  or  on  the  N.  side  of  the  spur  which  separates  this  from  Ravensdale.  At 
Mill  Creek  it  seems  to  be  discernible  in  an  anticlinal  indicated  a  little  N.  of  the  line  of  Carey's 
Shaft,  where  it  lifts  the  Primrose  to  its  shallow  position  in  the  shaft,  and  throws  out  the  Orchard 
Coal  altogether  from  the  ground  N.  of  the  hill. 

Axis  G. — This  anticlinal  passes  Silver  Creek  immediately  N.  of  the  great  bend  of  the  new 
Switch-back  Railroad,  and  on  the  W.  side  just  N.  of  the  Slope  Colliery,  on  the  Diamond  or  Gin 
Coal.  It  crosses  Zachariah's  Run  through  the  steep  ravine  which  separates  the  two  synclinals  of 
coal,  and  is  seen  in  the  N.  end  of  the  Ravensdale  Tunnel  as  an  inverted  flexure,  folding  the 
Primrose  back  under  itself  This  inverted  flexure  crosses  Crow  HoUow,  and  then  Mill  Creek  a 
little  S.  of  what  are  called  the  Hancock  Coals,  which  are  folded  by  it  into  a  close  oblique  synclinal. 

Axis  H. — This  has  been  traced  from  near  the  mouth  of  Bushy  A'alley  on  Casca  William, 
throuo;li  the  hill  N.  of  the  old  furnace  on  Silver  Creek,  thence  through  the  crest  of  this  high  ledge  to 
Zachariah's  Run,  where  its  arch-like  character  is  well  exposed  in  the  cutting  on  the  drift-road 
S.  of  the  Gin  and  Perpendicular  Coals,  where  the  axis  itself  is  seen  in  an  arch  of  conglomeritic 
sandstone.  It  appears  in  Ravensdale  in  a  bold  hill  S.  of  the  mine,  wrought  in  the  folded  synclinal 
of  that  vicinity.  Keeping  the  same  belt  of  hills,  it  ranges  across  Crow  Hollow  under  similar 
features,  and  through  the  watershed  which  separates  that  valley  from  ]\Iill  Creek.  Holding  its 
course  through  the  Southern  summit  of  the  broad  double-topped  hill,  it  causes  the  steep  N.  dips 
of  the  so-called  Perpendicular  Coal  of  both  Ravensdale  and  Mill  Creek. 

To  the  S.  of  this  axis,  throughout  its  whole  length,  is  the  well-maintained  Basin  of  the 
Tracey  and  Peach  Mountain  Coals. 


COALS  EXPOSED. 


123 


COAL-SEAMS  ABOVE  WATER-LEVEL  IN  THE  SEVERAL  BASINS  BETWEEN  SILVER  CREEK 

AND  MILL  CREEK. 

It  will  be  useful  to  the  reader,  before  presenting  him  with  details  of  the  collieries  and  local  work- 
ings between  Silver  Creek  and  Mill  Creek,  to  set  before  him  a  general  sketch  of  the  uppermost  or 
accessible  coals  contained  in  the  slender  synclinal  belts  called  basins  embraced  within  this  tract. 
In  tracing  in  a  previous  chapter  the  anticlinal  axes  which  traverse  it,  mention  was  made  in  each 
instance  of  the  lowest  coal-beds  elevated  by  them  ;  my  present  object  is  to  show  the  highest 
seams  resting  above  the  synclinal  bends,  so  that  between  the  two  we  may  be  made  aware  of  the 
whole  immediately  accessible  contents  of  each  basin.  Beginning  with  the  N.  strip,  and  proceed- 
ing regularly  Southward  from  basin  to  basin,  we  identify  the  coals  outcropping  within  them 
as  follows  : — 

Basin  D  E. — On  Silver  Creek,  so  feeble  are  the  flexures  D  and  E  compared  with  axis  C  of 
Mine  Hill,  that  neither  of  them  produces  more  than  a  trivial  roll  of  the  superficial  coals  on  the  wide 
South-dipping  slope  of  that  broad  anticlinal  wave ;  and,  as  a  consequence,  all  the  coals  of  basin 
D  E  are  seen  dipping  to  the  S.  at  angles  of  45°  or  50°,  except  those  immediately  involved  in  the 
narrow  saddle  E  ;  namely  the  Little  and  North  Diamond  beds,  which,  for  a  very  short  distance, 
dip  steeply  N.  Thus,  then,  the  basin,  or  more  properly  the  belt,  D  E,  embraces  all  the  lower 
White-Ash  coals  from  the  second  below  the  Guiterman,  all  the  upper  White-Ash  or  Big  Coal 
group,  the  Grey-Ash  or  Primrose  Coals,  and  the  two  lo^ver  Diamond  beds,  in  all  thirteen,  of 
which  at  least  ten  are  workable. 

On  Zachariah's  Run  the  chief  coals  opened  in  this  belt  are  the  Skidniore  and  the  Big  or 
Mammoth  Coal,  and  the  other  White- Ash  seams  of  the  upper  White-Ash  group.  The  N.  side  of 
the  basin — namely,  the  S.  slope  of  South  Mine  Hill — contains  the  outcrops  of  the  upper  members 
of  the  lower  White-Ash  group,  or  Chadwick's  and  Guiterman's  thick  seams,  but  the  S.  side 
would  seem  not  to  embrace  the  Primrose  or  Orchard  Grey-Ash  beds.  It  would  appear,  in  other 
words,  that  the  synclinal  line  of  the  basin,  or  the  keel  of  this  one-sided  boat,  rises  slowly  West- 
ward. This  is  further  confirmed  by  the  fact  of  our  finding  the  Big  or  Mammoth  Coal  at  the 
head  of  Crow  Hollow,  just  under  the  surface,  directly  on  the  anticlinal  axis  E.  Advancing  to 
MiU  Creek  the  belt  is  almost  entirely  a  South-dipping  one,  but  the  inclinations  are  much  more 
gentle  than  at  Silver  Creek  and  Zachariah's  Run.  It  contains  on  Mill  Creek  about  the  same 
coals  in  its  S.  half  as  it  does  at  Zachariah's  Run,  that  is  to  say,  the  upper  White-Ash  group, 
with  the  addition  of  the  Primrose  ;  but,  embracing  a  very  feeble  N.  dip,  it  scarcely  deserves  the 
name  of  a  basin  at  all. 

Basin  E  F. — The  narrowness  ^nd  gentleness  of  the  flexure  F  causes  the  basin  N.  of  it  to 
contain,  like  the  belt  D  E,a,  very  trivial  amount  of  N.  dips  ;  indeed,  it  exhibits  at  the  water-level 
no  North-dipping  coal.  At  Silver  Creek  it  includes  under  a  S.  dip  all  the  Diamond  group, 
namely,  the  Little  and  North  Diamond  coals  at  Neill's  Slope,  and  the  South  Diamond,  and  a 
3-feet  thick  seam  above  this,  besides  a  very  thin  band  of  coal  still  higher  up.  Probably  at  a  deep 
level  the  undulation  F  is  still  more  flat,  and  in  this  case  the  belt  E  F  is,  but  the  N.  side  of 
the  broader  basin  E  G,  which  is  the  especial  basin  of  the  Diamond  group.  On  Mill  Creek 
it  is  a  very  flat  wave,  not  a  defined  basin  at  all,  containing  the  Primrose  Coal  nearly  at  the 
water-level. 
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Basin  F  G. — This  belt  on  Silver  Creek  has  a  very  narrow  South-dipping  side— indeed,  it  shows 
no  South-dipping  coal-bed,  but  its  S.  half  includes  the  South  Diamond  Seam,  and  the  coal  next 
above  it,  under  a  very  steep  N.  dip  thrown  off  from  axis  G.  These  coals  have  been  wrought  in 
it  on  Zachariah's  Run,  and  the  whole  Diamond  group  has  been  mined  in  this  basin  in  Eavens- 
dale,  where  a  tunnel  cuts  the  synclinal  axis.  At  Mill  Creek  all  the  coals  of  the  belt  dip  S.,  for 
the  axis  G  is  there  an  inverted  one,  and  folds  the  Hancock  bed  into  a  compressed  South-dipping 
V.    It  is  the  basin  of  Gary's  Shaft. 

Basin  G  II. — The  belt  G  H  Sit  Silver  Creek  is,  from  the  relative  feebleness  of  the  anticlinal 
H  compared  with  G,  the  reverse  in  structure  of  the  basin  F  G  ;  that  is  to  say,  its  N.  dips  are 
very  narrow,  while  its  S.  ones,  including  the  Diamond  Group,  occupy  nearly  the  entire  belt. 
These  Diamond  Coals  have  been  mined  at  Zachariah's  Run,  where  one  of  them,  the  North 
Diamond,  goes  under  the  name  of  the  Gin  Coal.  The  axis  H  becoming  rather  more  prominent  by 
the  time  it  reaches  Mill  Creek  ;  some  of  the  South-dipping  Diamond  Group  are  there  reversed  by 
it  at  water-level  into  a  very  steep  N.  dip,  the  so-called  Perpendicular  Vein  being  one  of  them, 
probably  the  South  Diamond. 

The  Peach  Mountain  Basin,  embraced  between  the  anticlinals  H  and  I,  contains  on  Silver 
Creek,  as  our  Section  shows,  the  Peach  Mountain  bed.  Big  and  Little  Tracey,  and  other  coals  of 
the  Peach  Mountain  group,  with  moderate  S.  dips  on  the  N,  side  from  axis  H,  but  steeply 
inverted  ones  between  axis  I  and  the  synclinal  fold  ;  indeed  the  synclinal  flexure  is  here  dislo- 
cated, and  the  overturned,  or  S.  half  of  the  basin,  has  its  softer  strata  in  a  very  crushed  condition. 
The  same  condition  of  things  prevails  on  Zachariah's  Run,  where  the  V  formed  by  the  two 
outcrops  of  the  Peach  Mountain  bed  is  nearly  as  narrow  and  obliquely  South-dipping  as  on 
Silver  Creek.    (See  Section.) 

At  the  valley  of  Mill  Creek,  the  synclinal  axis  having  risen,  and  the  flexure  having  expanded 
from  the  flattening-out  of  the  previously  compressed  and  inverted  anticlinal  I,  tlie  S.  side  of  the 
basin  exhibits  only  a  moderately  steep  N.  dip,  while  the  N.  side  shows  a  broad  belt  of  strata 
dipping  at  about  35°  S.  As  already  mentioned,  the  Peach  Mountain  Seam  is,  throughout  all  this 
extent  of  the  basin,  the  uppermost  of  its  coal-beds. 

Basin  I  K,  or  complex  Belt  of  Middleport  and  Norwegian,  between  Silver  Creek  and  Mill 
Creeh. — Overlooking  for  the  present  the  imperfectly  known  subordinate  flexures  i  and  J  and 
K  K  K  K  of  the  division  of  the  belt  between  New  Philadelphia  and  Mill  Creek,  I  shall  regard  this 
tract  as  one  wide  and  deep  synclinal  trough  imdulated  on  its  sides,  and  having  its  synclinal  axis 
in  the  conspicuous  trough  which  extends  from  New  Philadelphia  through  Cwmbola  to  the  N. 
base  of  the  Gate  Ridge.  It  is  impossible,  in  the  present  imperfect  state  of  development  of  this 
obscure  portion  of  the  coal-field,  to  determine  what  coals  occupy  the  very  uppermost  or  central 
position  within  this  deep  basin.  At  Cwmbola  and  Belmont  the  Lewis  Vein  of  those  localities  is 
the  highest  important  seam;  it  basins  almost  immediately  under  the  E.  and  W.  reach  of  the 
Schuylkill.  Going  W.,  the  basin  widens  by  the  gradual  separation  of  the  anticlinal  J  from  the 
main  compressed  axis  K,  and  the  steep  N.  or  perpendicular  dips  of  the  S.  side,  near  Belmont, 
subside  to  45°  N.,  so  that  the  small  coals  of  the  Sandrock  series  overlying  the  Lewis  Coal,  occupy 
a  broad  belt  at  the  synclinal  axis,  twice  as  wide  at  least  as  the  steeper  trough  they  form  at  the 
river  between  Belmont  and  Cwmbola. 
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DETAILS  OF  THE  SEVEEAL  COLLIERIES  BETWEEN  SILVER  CREEK  AND  MILL  CREEK. 

Novelty  Colliery  ;  Slope  W.  of  New  Philadelphia,  mined  hy  Conno?^  and  Roads). — 
The  Spohn  Coal  dips  from  30°  to  35°  S.,  is  4i  feet  thick,  with  9  feet  of  slate  on  the  top,  and 
a  fine  hard  sand-rock  below.  Immediately  on  the  top  of  9  feet  of  the  slate  there  is  a  3-feet- 
thick  coal,  with  a  hard  sandstone  top.  A  thin  leader  occurs  20  yards  N.  of  the  Lewis  Vein  ; 
then  comes  what  is  locally  called  the  Sandrock  Vein. 

About  20  yards  N.  of  the  Spohn  Vein  is  a  leader  or  thin  coal  from  12  to  18  inches  thick,  and 
80  yards  fiu'ther  N.  is  the  Palmer  Coal.  The  Palmer  Coal  occurs  at  Cwmbola,  but  not  at  Five 
Points.  On  the  Spohn  Coal  there  are  drifts  all  the  way  to  Five  Points.  The  slope  at  Connor's 
and  Roads'  is  in  all  probability  in  the  Spohn  Coal,  and  not,  as  some  suppose,  in  the  Sandrock. 
There  is  a  slope  on  the  Palmer  Coal  which  has  3  feet  of  good  coal  all  in  one  bench,  and  dips  from 
35°  to  36°  S.  Below  the  coal  lie  18  inches  of  loose  dirty  slate,  then  a  yellowish-grey  very  argil- 
laceous sandstone,  about  6  feet  thick,  and  regular.  The  top  rock  is  a  firm  and  smooth  black 
slate,  and  has  stood  in  the  gangways  without  pillars  for  300  or  400  yards. 

The  drifts  on  the  Palmer  Coal  were  800  yards  E.  and  700  W. 

The  Charles  Pott  Coal  is  38  yards  N.  of  the  Palmer  Vein.  It  dips  38°  S.,  and  averages  2|  feet 
of  good  coal,  but  it  is  in  many  places  poor.    Its  drifts  were  400  and  500  yards  E.  and  W. 

The  ClarTcson  Coal  is  about  100  yards  N.  of  the  Charles  Pott  bed  ;  the  dips  vary  from  28°  to 
45°.  Its  average  thickness  is  5  feet ;  it  is  much  broken  and  dirty ;  the  drifts  were  500  yards 
E.  and  100  yards  W.  The  Peach  Mountain  Coal  of  Valley  Furnace  lies  500  yards  N.  of  the 
Spohn  Vein. 

The  iS/ope  is  down  140  yards  :  the  coal  averages  4-|-  feet  ;  it  is  good  on  the  W.  side  for  800 
yards,  which  is  at  the  end  of  the  gangway.  On  the  E.  side  it  is  good  for  400  or  500  yards, 
when  a  stone  fault,  runniug  N.E.,  cuts  ofi"  aU  the  coal.  The  coal  lies  in  two  benches  ;  the  liottom 
bench  is  about  2  feet  thick,  and  is  rather  the  best.  The  upper  bench  is  2\  feet  thick.  The 
benches  are  irregular,  and  sometimes  the  coal  is  aU  in  one  solid  block.  The  Spohn  Coal  is  very 
subject  to  jumps  or  sudden  sharp  small  folds  in  the  gangways.  The  coal  will  turn  up  for 
10  feet  perpendicularly,  and  then  go  down  with  the  regular  pitch. 

CWMBOLA,  HUBLEYVILLE. 

Cwmbola  Colliery,  mined  hy  W.  Y.  Agard  and  Company. —  This  slope  is  on  the 
Lewis  (the  true  Sandrock  of  Mill  Creek)  :  the  dip  at  the  top  is  38°,  and  at  the  bottom  23i° ; 
the  coal  contains  4  feet  of  coal  in  three  benches.  On  the  E.  gangway  are  two  benches  of 
slate  between  the  coals,  but  on  the  W.  gangway  there  is  but  one.  The  W.  gangway  was  driven 
450  yards,  and  the  E.  350  yards,  but  it  is  somewhat  confused.  The  roof  is  of  good  Bony  coal, 
the  bottom  is  the  same  :  the  slope  length  is  225  yards  ;  it  has  four  lifts  and  three  gangways.  From 
the  bottom  of  the  slope,  about  55  yards  towards  the  W.,  commences  the  tunnel,  which  is  driven 
N.  about  65  yards.  At  37  yards  it  cuts  a  22-inch  coal,  with  mixture  of  coal,  slate,  &c.  ;  this  is 
called  by  some  the  Yard  Coal.  The  tunnel  passes  through  sandstones,  &c.  The  E.  gangway 
curves  rapidly  to  the  N. 
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The  slope  on  the  Spolm  (or  true  Qarkson)  Coal  is  102  feet  down  from  the  surface.  The  coal 
above  water-level  is  worked  out  by  drifts. 

Fig.  1C6.— Section  at  Cwmbola  from  anticlinal  J,  looking  E. — 1  inch  =  400 /ee<. 


The  Sandrock  Coal,  in  ranging  Eastward  from  Cwmbola,  passes  into  the  flats  of  the  river. 
The  Lewis  Coal  is  caught  in  the  hill  at  the  road. 

Syiiclinal  Axis  of  Cwmhola. — At  the  E.  end  of  the  village  is  a  good  exposure  of  a  synclinal 
axis  along  the  bank  of  the  river.  On  the  S.  side  of  the  basin  is  a  powdery  exposed  rock  in  the 
river.  The  dip  is  vertical,  then  N.  nearly  vertical  ;  from  this,  going  up  the  stream,  it  becomes 
from  60°  to  70°.  The  strike  of  the  vertical  dips  is  N.  68°  E.,  cutting  the  spur  from  Bare  Ridge 
E.  of  the  town.  From  these  N.  dips  to  the  middle  of  the  basin  is  125  feet.  The  synclinal  axis 
is  325  feet  S.  of  the  upper  pier  of  the  railroad  bridge,  opposite  the  engine-house. 

Haveners  (formerly),  noiv  Colahans. — The  shaft  at  Havener's,  at  38  yards  down,  strikes  upon 
a  seam  (the  Blacksmith  Coal)  which  rolls  into  a  kind  of  saddle  or  egg-shaped  turn.  From  this  a 
cross-cut  N.  reaches  the  North  Gate  Coal.  There  are  three  nearly  vertical  coals  S.  of  his  shaft  before 
we  meet  the  regular  South-dipping  coals — the  Black  Mine  and  Tunnel  Coal,  &c.  Colahan,  making 
the  above  statement,  adds  that  the  Gate  Coal  cut  in  the  tunnel,  22  yards  N.  of  the  foot  of  the 
shaft,  which  is  thin,  with  a  perpendicular  N.  dip,  turns,  in  crossing  the  ravine,  to  a  steep  S.  dip, 
and  at  the  end  of  the  gangway,  280  yards  farther,  it  is  regular  and  good,  dipping  a  little  S. 

PINKEETON'S  TUNNELS,  BAEE  EIDGE  (abandoned  uv  1853). 

Eastern  or  Upper  Tunnel. — Length  115  yards.  The  coals  all  basin  above  the  tunnel-level. 
The  tunnel  was  driven  40  or  50  yards  S.  of  where  the  veins  ought  to  be,  but  for  a  synclinal  axis. 
The  S.  dips  were  35°  at  the  entrance  ;  the  basin  was  about  70  yards  in.  The  N.  dips  of  the  basin 
were  35° ;  they  cut  one  little  seam  in  the  roof  of  the  tunnel,  18  inches  in  thickness.  The  rocks 
were  slaty  sandstone. 

Western  or  Loiver  Tunnel. — The  dips  are  nearly  vertical.  At  the  mouth  they  are  S.,  and  then 
N.  It  was  driven  in  1 1 7  yards  to  North  Gate  and  Havener's  Big  Coal :  1 5  yards  in  it  struck  a 
4-feet  coal ;  4  or  5  feet  of  slate  at  the  top  and  bottom.  The  North  Gate  Coal,  at  the  end  of  70  yards, 
is  4  feet  thick,  with  good  coal  ;  9  feet  of  slate. 

Havener's  Big  Coal  has  from  5  to  7  feet  of  coal.  Face  of  tunnel  60  or  70  yards.  The  ,rock 
is  a  hard  coarse  sandstone. 

Christopher  Rooney  gives  the  following  account  of  the  Lower  Tunnel  :  For  about  15  yards 
the  rock  was  soft  and  sandy,  then  a  small  leader  18  inches  thick,  30  yards  of  fair  ground,  30 
yards  of  hard  sandstone,  90  yards  to  the  first  3^  or  4  feet  of  coal ;  8  yards  farther  another  4-feet- 
thick  coal  ;  10  yards  more,  a  small  coal  of  18  inches  or  2  feet.    The  dips  are  vertical  throughout. 

The  line  of  strike  from  the  mouth  of  the  Lower  Tunnel  in  an  Easterly  direction  ranges  over 
the  flat  S.  of  Cwmbola,  and  strikes  a  httle  N.  of  the  crest  of  the  spur  which  points  out  North- 
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ward  from  Bare  Eidge,  on  the  other  side  of  which  is  Havener's.  The  hill  opposite  Cwmbola  is 
cut  out  by  denudation  into  a  concave  sweep. 

Between  Cwmbola  and  Havener's  Breaker  in  the  railroad  cut,  at  the  foot  of  the  spur  from 
Bare  Ridge  above  spoken  of,  we  find  shales  and  slates  ;  rocks  evidently  on  the  N.  side  of  the 
synchnal  of  Cwmbola. 

OLIVEE'S  COLLIERY,  S.  SIDE  OF  BAEE  EIDGE,  (OWNED  BY  SHIPPEN  AND  WHITAKEE). 

The  Rabhit  Hole  Coal  is  the  first  coal  opened  and  worked.  Across  the  strike  from  it  to  the 
tunnel  coal  is  1 70  feet.    It  is  drifted  on,  and  is  3^  feet  thick. 

The  Faust  Coal  is  known  to  exist  here,  but  has  not  been  worked. 

The  Tunnel  Coal  is  the  only  one  which  has  hitherto  been  much  worked;  it  has  been  wrought 
at  intervals  for  fifteen  years,  and  has  been  driven  as  much  as  a  mile  to  the  Eastward  ;  dip  from 
30°  to  35°  S.  It  was  worked  W.  of  the  Breaker  ;  its  thickness  was  5  feet  ;  the  bottom  bench 
had  from  2  to  3  feet  of  excellent  coal,  there  was  a  thin  slate  parting  and  2  feet  of  coal  in  the  top 
bench  ;  then  from  6  to  8  inches  of  slate  and  Bony  coal  for  the  roof  ;  the  slope  is  sunk  167  yards  ; 
the  breast  above  water-level  was  from  75  to  100  yards. 

Black  Mine  Coal  is  distant  from  the  Tunnel  on  the  outcrop  68  yards.  It  is  cut  in  a  tunnel 
driven  N.  from  the  bottom  of  the  Tunnel  Coal  Slope  at  a  distance  of  7lf  yards.  It  is  now 
worked,  and  is  but  3  feet  thick,  its  usual  dimension  being  6  feet.  From  this  tunnel,  on  a  lower 
level,  the  outcrop  of  the  Black  Mine  Coal  is  1 75  yards. 

The  Little  and  Big  Lawton  Coals,  N.  of  Black  Mine  bed,  are  drifted  on,  but  are  not  now 
mined,  and  were  found,  as  far  as  proved,  to  be  irregular. 

The  air-holes  on  the  Tunnel  coal  are  traceable  from  this  point  Eastward  to  half-way  down 
the  hill,  descending  to  the  gap  at  Preston's,  opposite  New  Philadelphia. 

From  Upper  Bare  Ridge,  100  yards  from  Silliman  and  Reed's  Breaker,  a  tunnel  runs  S.  into 
Sharp  Mountain  300  yards.    It  cuts  the  Parker  Coal. 

A  tunnel  was  driven  Northward  in  Bare  Ridge,  in  the  vicinity  of  Oliver's,  known  as  the 
Andrew  B.  White  Tunnel  ;  it  is  now  closed  up. 

The  following  Section  exhibits  the  eff"ects  of  an  anticlinal  flexure,  cut  by  this  tunnel,  in 
alternately  pinching  and  enlarging  the  coal-seams,  all  of  which  are  in  an  unfit  condition  for 
mining  : — 


Fio.  167.— Section  of  Tunnel  in  Bare  Ridge  (Pott  and  Wiiite's).— 100  fid  —  1  inch. 


ZACHAEIAH'S  EUN. 

On  the  road  between  Silver  Creek  and  Zachariah's  Run,  about  one-fifth  of  a  mile  along 
the  strike  from  the  Valley  Furnace,  are  two  old  tunnels,  driven  S.  very  close  together.  They 
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crossed  the  outcrop  of  the  coal  in  the  sandstone  which  lies  beneath,  then  passed  into  more 
Northern  measures  in  descending  the  hill  to  the  Eagle  Hill  Colliery. 
Above  Eagle  Hill  Colliery  on  Zachariah's  Run  : — 

1.  The  Dodson  Coal  outcrops  near  tlie  Shanty,  about  500  feet  above  or  N.  of  the  uppermost  coal 
synclinal. 

2.  The  coal  of  the  synclinal  axis  has  a  S.  dip  of  about  40°,  and  a  N.  dip  nearly  perpendicular,  being  from  75° 
to  80°.  The  coal  ranges  from  6  to  10  feet  in  thickness,  being  8  feet  when  perpendicular.  On  the  W.  side  of 
the  valley  the  two  limbs  of  the  coal  are  together,  and  make  a  mass  of  20  or  25  feet  of  coal. 

3.  The  Little  Perpendicular  bed  is  separated  from  the  above  coal  by  a  conglomerate.  It  is  a  2^-feet  coal, 
dipping  from  80°  to  85°  N.,  and  is  operied  on  both  sides  of  the  valley. 

4.  The  next  coal  is  of  a  steep  S.  dip  (80°),  and  is  called  the  Diamond  ;  it  is  about  5  feet  thick,  but  200  yards 
up  the  hiU  it  was  13  feet  thick,  though  soft  and  worthless.  It  is  distant  from  the  Little  Perpendicular  about 
150  feet. 

5.  Two  coals  are  known  between  this  and  the  Gin  Vein.  The  N.  one  is  opened  on  the  W.  side,  and  is 
found  to  be  7  feet  thick,  and  inclining  nearly  perpendicularly  to  the  S.    It  is  about  300  feet  distant  from  No.  4. 

6.  The  Bosbeshell  Coal  is  the  North-dipping  coal  which  follows  next.  It  is  regular,  but  soft,  and  very  close 
in  the  hill  to  the  South-pitching  Gin  Coal.  The  drift  in  the  Gin  Coal  divides,  so  as  to  give  access  to  both  sides  of 
the  synclinal :  the  N.  dips  are  about  70°,  and  the  S.  dips  40°.  The  North-dipping  coal  is  good  below,  but  grows 
bad  followed  upwards.  The  S.  dip  is  very  good  downward.  It  is  nearly  aU  worked  out.  The  Gin  Coal  of 
Chadwick,  Dovey,  and  Southall,  Silver  Creek,  is  not  the  Gin  Coal  of  Zachariah's  Run,  which,  by  our  construction 
and  tracing,  belongs  to — 

7.  A  North-dipping  leader,  about  1  foot  thick. 

8.  A  good  coal,  about  4^  feet  thick,  having  a  N.  dip  of  80°.  This  is  the  North  Diamond  Coal,  proved  by 
tracing  of  the  axes  and  the  harder  rocks.    There  is  hard  conglomerate  beneath. 

9.  The  Perry  or  Brook's  Coal  is  1 50  feet  S.  of  No.  8  ;  dip  nearly  perpendicular.  This  is  on  the  N. 
side  of  the  anticlinal  of  sandstone  (Axis  No.  5),  and  has  been  worked  to  meet  the  same  on  the  S.  flank  of  the 
same  arch  in  a  S.  dip. 

10.  The  Henderson  Coal  corresponds  to  No.  8  above  ;  dip  S.  from  30°  to  35°,  about  4  or  4i-  feet  of  coal ; 
the  bottom  is  rough,  the  top  is  good  coal.    It  is  also  called  Green  Park. 

11.  Fitziimnon's  Coal. — Dip  40°  S.  ;  it  has  from  8  to  9  feet  of  coal  in  two  benches — 1st,  about  2  feet  of  good 
coal,  then  2  inches  slate  ;  2d  bench  from  G  to  7  feet  of  coal.  The  vein  is  said  to  be  the  best  m  this  vaUey.  It 
has  been  driven  E.  600  yards.  The  irvn  ore  about  15  yards  below  the  Fitzimmon's  Coal  has  been  driven  into 
for  exploration. 

Some  80  yards  (?  feet)  from  the  mouth  of  the  drift,  thin  dhty  coal  was  found,  which  met  the  Fitzimmon's. 
Near  the  meeting  there  was  a  thickness  of  dirt  and  coal  of  some  30  feet ;  the  small  leader  dipping  S.  only  20°. 
This  is  probably  the  small  leader  (No.  7)  brought  into  contact  with  No.  11  by  a  faidt.  The  form  of  the  ground 
is  peculiar. 

Above  the  Fitzimmon's  are  about  50  feet  of  oUve  slate  and  shale,  then  Pea  and  Shot  conglomerate  and 
sandstone,  all  dipping  about  30°  S. 

12.  A  small  South-dipping  coal,  of  2  feet  thickness  ;  was  not  wrought. 

13.  Bough  Coal,  7  feet  thick  ;  S.  dip  35°. 

14.  Peach  Mountain,  so  called,  underlying  slate  and  rock  from  4  to  5  feet. 

It  seems  probable,  from  careful  tracing,  that  the  synclinal  bed  of  the  Peach  Mountain  Coal 
of  Zachariah's  Run  is  the  synclinal  of  the  real  Peach  Mountain  of  East  Norwegian.  In  this  case 
the  conglomerate  which  crosses  Zachariah's  Run  at  the  Breaker  is  that  which  underlies  the  Big 
Tracey  on  Mill  Creek.  By  both  topographical  and  geological  features  the  continuity  of  the  Peach 
Mountain  basin  of  Norwegian  with  that  of  Zachariah's  Run  seems  to  be  fully  proved. 
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Bemarks  upon  the  Zachariah's  Run  Section.'- — 1st.  The  veins  S.  in  descending  order  to  the 
Breaker  belong  to  the  Tracey  group  ;  2d.  Thence  down  to  the  conglomerate  of  axis  H  t(^  the 
Fitzimmon  group  ;  3d.  Thence  below  to  the  Diamond  group.  Thus  the  Gin  Coal  of  Zachariah's 
Run  is  of  the  Fitzimmon  group ;  the  Perry  is  of  the  Diamond  group,  and  probably  the  third 
from  the  lowest  of  that  group. 

Eagle  Hill  Colliery,  Zachariah's  Run — (Benjamin  Titus,  lessee  ;  estate  of  Hewes  and 
Baber). — Here  the  S.  dips  of  the  Peach  Mountain  are  very  regular,  being  about  35°  S.  There 
is  also  a  perpendicular  coal ;  the  distance  between  the  two  outcrops  is  11  yards.  The  owners  have 
shafted  on  both  beds,  and  determined  the  dips  with  accuracy  :  the  coal,  therefore,  continues 
into  this  valley.  S.  of  these  are  three  or  four  beds,  the  Big  and  Little  Tracey,  &c.  All  the 
coal  now  taken  (1853)  is  from  the  Gin  Coal,  about  500  yards  N.  of  the  Breaker. 

The  following  cut  represents  the  coal  strata  as  they  are  developed  on  Zachariah's  Run,  with 
the  local  names  of  the  coal-beds.    It  embraces  nearly  all  the  Red- Ash  measures. 


Fig.  168. — Section  on  Zachariah's  Run,  looking  E. — 1  iucJt  =  400  feet. 


BELMONT  (FIVE  POINTS). 

Lewis  and  Spohn  Coal  of  Belmont. — For  the  purpose  of  ascertaining  the  identity  of  the  coal 
between  Mill  Creek  and  Belmont,  the  following  examination  and  measurement  were  made  : — 

It  was  noted  that  the  Sandrock  Coal  of  Mill  Creek  had  overlying  it  a  massive  Pea  and  Nut- 
cono-lomerate.  This  conglomerate  was  found  on  the  bank  of  the  river  a  little  E.  of  Belmont, 
dippiug  30°  S.  Measuring  from  the  face  of  this  conglomerate  at  water-level  to  the  outcrop  of  the 
Lewis  (so  called),  it  was  found  to  be  a  distance  of  430  feet,  which,  when  reduced  to  the  horizontal, 
is  about  335  feet — the  true  distance  from  the  conglomerate  face  to  the  so-called  Lewis  Coal. 
This  distance  agrees  so  well  with  the  distance  between  the  same  conglomerate  and  the  Sandrock 
Coal  on  MiU  Creek,  as  to  lead  us  to  conclude  that  the  Lewis  of  Belmont  is  the  Sandrock  of  Mill 
Creek. 

After  thus  ascertaining  their  identity,  it  was  found,  by  tracing  the  measures  on  the  road 
from  Belmont  to  Cwmbola,  and  also  by  the  plotted  map  of  the  gangways  of  the  respective  work- 
ings, that  the  so-called  Lewis  of  Civmhola  is  also  the  Sandrock  Coal.  Both  lie  at  the  same 
distance  N.  of  the  conglomerate.  Traced  further  E.,  the  true  Sandrock  ranges  into  the  swamp 
opposite  Connor  and  Roads  at  New  Philadelphia.  The  true  Lewis,  or  so-called  Spohn,  crops  out 
on  the  road  from  beneath  its  sandstone,  and  the  true  Spohn  is  worked  by  Connor  and  Roads. 

Belmont  Slope. — This  slope  is  down  on  the  local  Lewis  (true  Sandrock)  Coal.  The  length  of 
slope  in  1853  was  240  yards.  Coal  equal  to  5-|  feet  in  two  benches — the  lower  1  foot,  and  the 
upper  from  4  to  4^  feet.  The  coal  is  good,  and  dips  35°  S.  Gangways  run  W.  600  yards. 
For  the  last  100  yards  the  gangway  curves  about  10°  W.,  the  bed  having  a  dip  of  30°.  A 
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gangway  runs  E.  540  yards.  There  are  three  lifts  in  the  slope.  The  coal  has  2  feet  of  hard 
slate  above  it,  and  3  feet  of  slate  below ;  also  a  band  of  crushed  coal  or  dirt,  and  a  leader  of 
3  or  4  inches. 

S.  of  the  Sandrock  Slope,  about  70  or  80  yards,  is  a  coal  from  4  to  5  feet  thick. 

From  20  to  25  yards  under  the  Sandrock  is  a  2-feet  coal,  locally  called  the  Yard. 

About  90  or  95  yards  under  the  Sandrock  is  the  Lewis  (local  Spohn)  Coal.  It  has  a  slope 
sunk  upon  it  down  140  yards,  120  yards  below  the  water-level.    It  has  two  lifts. 

From  6  to  9  feet  from  the  top  of  this  coal  there  is  a  2^-feet  coal,  beneath  which  are  2  feet 
of  slate,  4  feet  of  fireclay,  and  2  feet  of  slate  again.  The  Lewis  is  about  3-|  feet  thick  in  two 
benches  ;  the  lower  is  from  1  to  1^  feet ;  the  upper  about  2  feet — dip  37°  S.  The  gangway 
was  driven  W.  about  600  yards.  40  yards  from  the  end,  the  vein  turns  towards  the  W.  as  the 
Sandrock  does.    These  40  yards  are  confused  and  faulty. 

Ravensdale  Tunnel. — The  farthest  coal  cut  in  the  tunnel  dips  S.  45° ;  it  meets  the  Primrose 
Coal  dipping  S.  35°,  and  forms  an  inverted  axis ;  the  two  coals  are  about  50  yards  apart  in  the 


Fig.  169.— Ravensdale  Tunnel. 


tunnel.  The  back  or  N.  coal  is  10  feet  thick,  and  the  Primrose  is  7  feet  thick.  The  Back  Coal 
is  locally  called  the  Tunnel  Coal.  The  crown  of  the  arch  woidd  be  about  50  feet  above  the 
tunnel-level.  Between  the  two  limbs  of  the  anticlinal  we  find  sandstone  in  part.  The  Back 
Coal  has  a  breast  of  63  yards  ;  it  contains  much  dirt.  The  crest  of  the  anticlinal  dips  towards 
the  E.  until  it  reaches  the  gangway-level. 

A  leader  was  struck  about  12  yards  N.  of  the  Primrose  from  the  E.  ;  the  gangway  runs  400 
yards  from  the  main  tunnel.  It  is  3  feet  thick,  and  is  probably  folded  like  the  Primrose  bed. 
It  lies  under  the  sandstone.  They  both  crop  out  on  the  surface  about  30  yards  W.  of  the  tunnel, 
separated  on  the  surface  by  only  a  few  feet  of  slate. 

The  bottom  bench  of  the  Pi-imrose  Coal  contains  18  inches  or  2  feet  of  Bony  coal ;  the  top 
bench  is  good  coal,  from  4  to  5  feet  thick  ;  the  roof  is  a  soft  slate,  and  a  thin  sandstone  wdthout 
pebbles. 

About  66  yards  S.  of  the  Primrose  Coal,  in  the  tunnel,  is  the  Orchard  Coal,  dipping  about 
40°  S.  It  is  4  feet  thick,  and  is  a  true  Red- Ash  coal.  The  Orchard  Vein  was  worked  out  to  the 
E.,  and  found  very  faulty.  To  the  W.  it  has  been  worked  into  Crow  HoUow  until  it  ceased  to 
be  good  coal.  Between  the  Orchard  and  Primrose  beds  are  soft  slates.  Over  the  Orchard  we 
find  4  feet  of  slate  and  then  hard  sandstone,  but  no  important  seam  of  coal.  There  are  two 
small  seams,  neither  of  which  wiU  measure  2  feet :  there  is  a  mere  leader  between  them.  It  is 
92  yards  from  the  Orchard  Coal  to  the  tunnel's  mouth.  Outside  of  the  tunnel,  at  a  distance  of 
36  yards,  is  a  small  leader,  and  40  yards  S.  of  the  tunnel  is  a  coal  dipping  S.  40°,  called  the 
Diamond  (see  Eavensdale  Section).  The  South  Diamond  has  been  found  only  on  the  W.  side  of 
the  hoUow  dipping  S.  A  coal,  which  shows  itself  on  the  W.  side  of  the  hollow,  is  not  here  known. 
There  are  here  two  perpendicidar  beds,  each  5  feet  thick,  and  separated  by  10  feet  of  rock  ;  tliey 
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are  much  confused,  and  form  a  double  fold  like  the  letter  W.  The  N.  one  of  these,  worked  E., 
became  thin,  and  was  found  46  feet  from  the  other.  The  S.  perpendicular  was  worked  E.  for 
400  yards.  It  was  worked  by  a  gangway  at  three  levels.  The  hill,  containing  the  perpendicular 
coal  on  its  S.  side,  terminates  in  a  ravine  opposite  the  mouth  of  the  tunnel. 

S.  of  the  perpendicular  bed  is  a  coal  about  15  inches  thick,  dipping  steeply  S.  It  has  been 
shafted  on.  75  feet  S.  of  this,  on  the  outcrop,  is  another  seam.  This  coal  basins  and  saddles  on 
the  hill,  and  the  outcrop  at  the  water-level  is  at  the  foot  of  the  Breaker.  It  is  underlaid  by  a 
hard  sandstone  and  a  little  pebbly  rock  :  it  has  not  been  worked. 

AVe  have  next  a  considerable  thickness  of  sandstone  and  olive  slate,  dipping  S.  30°,  opposite 
to  the  Breaker.  S.  of  this,  and  almost  upon  the  sandstone,  is  a  double  seam.  The  N.  or  bottom 
bench  is  about  5  feet  thick,  and  the  upper  is  3  feet  thick,  with  2  feet  of  slate  interposed. 

At  the  bend  of  the  railroad  in  Eavensdale  Hollow,  near  the  housed,  is  a  quarry  of  sandstone 
dipping  S.  35°.  It  has  all  the  features  of  the  sandstone  which  lies  under  the  Peach  Mountain 
Coal.  It  is  overlaid  by  olive  slaty  bands,  and  by  the  smaU  pebbly  rock  seen  in  the  turn  of  the 
road  on  Mill  Creek  in  the  synclinal  of  Peach  Mountain  at  Old  Tracey  Drifts.  This  quarry  shows 
some  30  feet  thickness  of  rock,  which  is  seen  fonning  a  crest  on  the  W.  side  of  Eavensdale.  S. 
of  this  is  a  sloping  shaft,  showing  a  coal  and  overlying  slates,  with  regular  S.  dips  of  35° ;  and 
S.  of  it  again  an  outcrop  of  sandstone,  seemingly  identical  with  that  on  the  N.  side.  Between 
these  two  outcrops  is  the  Peach  Mountain  basin,  very  narrow. 

Immediately  N.  of  the  axis  of  the  tunnel  there  is  a  South-dipping  coal,  the  return  of  the 
Primrose  N.  dip. 

CEOW  HOLLOW, 

In  descending  the  hill  to  Crow  Hollow,  near  its  head,  there  is  a  coal  cropped  on  by  Silliraan  : 
it  is  probably  the  Black  Valley  bed.  On  the  E.  and  W.  trend  of  the  road  in  the  S.  side  of  the  Crow 
Hollow  ravine  is  the  outcrop  of  the  Black  Heath  Coal.  The  Big  Coal  is  not  many  feet  under 
the  bed  of  the  valley  at  the  tunnel,  and  rises  with  a  very  gentle  ascent ;  then,  towards  the  S. 
again,  we  see  at  the  roadside  descending  Crow  Hollow,  the  Primrose  hard  rock  ;  over  it  the 
first  S.  dip,  then  the  N.  dip,  and  then  the  second  S.  dip  at  the  old  air-hole. 

South  of  this  is  the  outcrop  of  the  Orchard  Coal  crossing  the  valley.  The  Primrose  is  worked 
through  from  Eavensdale  to  Crow  Hollow  on  the  first  S.  dip,  and  on  the  N.  dip,  but  not  on  the 
second  S.  dip.    It  is  worked  for  a  short  distance  towards  Mill  Creek  on  the  W.  side. 

The  Orchard  Coal  is  worked  W.  from  Eavensdale  to  Crow  Hollow,  but  is  not  worked  on  the 
W.  side  of  Crow  Hollow  at  all. 

The  Hancock  Coals  are  not  worked  either  on  Eavensdale  or  Crow  Hollow. 

The  Lower  Diamond  bed  is  mined  through  from  Eavensdale  to  Crow  Hollow.    On  the  E. 
side  of  Eavensdale  it  is  worked  for  a  short  distance. 

The  Big  Diamond  bed  is  not  opened  on  Eavensdale  or  Crow  Hollow. 

The  Upper  or  South  Diamond  Coal  is  drifted  from  Crow  Hollow  eastward  a  short  distance  : 
it  is  not  worked  on  the  W.  side,  nor  opened  at  Eavensdale.  The  rock  over  the  Diamond  group 
is  visible  in  Crow  Hollow. 

The  Perpendicular  Coals  are  seen  in  Crow  Hollow.  Here  the  synclinal  belt  is  a  confused 
basin,  with  very  much  the  features  it  has  on  Eavensdale  ;  but  the  coal  was  better  on  the  N.  dip 
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through  to  Ravensdale  than  anywhere  else.  It  was  confused  Westward  for  500  yards  ;  indeed, 
there  was  no  good  coal,  except,  perhaps,  1000  tons. 

A  boring  by  the  North  American  Company,  sunk  to  385  feet,  struck  a  coal-bed  said  to  be  7 
feet  thick  ;  and  several  smaller  seams  were  struck  before  reaching  this  7-feet  bed,  one  of  them  4 
feet  thick. 

MILL   CEEEK  (ABOVE  ST  CLAIE). 

Structure  East  of  Johns'  Colliery. — The  outcrop  of  Johns'  Seam  on  the  N.  lies  along  the  flank 
of  Mine  Hill,  and  is  traceable  for  a  great  distance  E.  The  shaft  opened  by  Samuel  Silliman 
south  of  this  line  marks,  we  think,  the  continuation  of  the  anticlinal  disturbance  seen  in  the 
small  arch  or  wrinkle  of  sandstone  near  the  slope  on  Mill  Creek.  This  may  be  conceived,  in  its 
extension  Eastward,  to  become  a  sharj)  anticlinal  fracture,  with  perhaps  some  inversion  at  the 
surface,  bringing  the  conglomerate  and  subjacent  sandstone,  which  all  lie  above  the  Johns' 
Seam,  into  nearly  vertical  dips,  and  making  the  coal  near  the  surface  to  take  a  like  position. 
The  main  broad  anticlinal  to  the  S.,  in  expanding  Eastward,  and  being  stripped  on  its  summit 
and  on  part  of  its  S.  slope,  not  only  of  the  great  overlying  coal,  but  also  of  the  conglomerate 
which  lies  beneath  it,  brings  to  light  a  small  coal  which  has  here  been  shafted  into  on  the  N. 
side  of  the  flat  anticlinal  near  its  crown. 

A  shaft  sunk  by  Samuel  Silliman  struck  coal  dipping  perpendicularly,  and  by  tunneling  N. 
and  S.  it  has  been  proved  to  be  70  feet  thick.  The  Nut-conglomerate  is  seen  about  35  feet  S. 
of  the  shaft,  dipping  steeply  to  the  S.  Some  persons  regard  this  as  the  N.  side  of  the  anticlinal, 
and  the  coal,  the  N.  or  perpendicular  dip  of  Milnes  and  Snyder's  Seam. 

Johns'  New  Slope. — The  coal  here  dips  38°.  In  1853  the  slope  was  down  60  yards.  Thus  far 
the  coal  was  very  regular :  it  had  three  benches  ;  the  upper  one  contained  3  feet  of  coal,  the 
middle  7  feet,  declining  rapidly  Eastward,  and  one-fom^th  of  a  mile  off  was  only  2  feet  thick, 
the  rest  being  dirt.    The  lower  bench  was  from  17  to  30  feet  thick. 

ST  CLAIR,  MILL  CREEK. 

Pinkerton's  Tunnel  is  700  yards  W.  of  the  Breaker,  and  runs  from  the  Seventeen-feet  Coal, 
so  called,  to  the  Mammoth.  Over  the  Seventeen-feet  Coal  are  30  feet  of  soft  slate,  then  thin 
coal,  then  coarse  conglomerate  rock  180  feet. 

The  Mammoth  Coal  is  from  18  to  24  feet  thick  ;  the  dip  from  28°  to  30".  At  the  tunnel,  the 
slate  between  the  Mammoth  and  7-feet  coal  is  12  feet  thick  :  the  coal  averages  7  feet  thick  ;  it 
runs  from  5°  to  10°,  On  the  top  of  this  is  a  sandy  slate  and  argillaceous  sandstone  12  feet  thick, 
which  runs  to  nothing  one  mile  to  the  W.,  then  coal  3  feet.  S.  from  the  3-feet  coal,  we  pass  slate 
or  shale  with  iron  ore  to  the  Black  Valley  Coal,  which  is  4  feet  thick. 

Milnes  and  Snyder  s  New  SIojk'. — This,  in  1853,  was  278  yards  long.  It  entered  at  158 
feet  above  the  level  of  the  railroad  at  St  Clair.  The  dip  of  the  Slope  is  S.  10°  W. ;  it  is  slightly 
flat  for  100  feet  in  the  bottom  of  the  Slope,  then  ascends  5°  for  90  yards ;  then  again,  at  the 
bottom  of  the  Slope,  a  gangway  is  driven  W.  at  right  angles  for  130  yards.  Another  gangway- 
level  is  going  ofi"  from  the  bottom  of  the  Slope,  and  is  flat  all  the  way.  Driving  Eastward,  the 
coal  rises  in  all  directions,  basining.    The  dip  of  the  Slope  in  the  lower  level  is  18°  S. 
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M^GINNIS'S  NEW  SLOPE  N.E.  OF  ST  CLAIR  (CAREY'S  PROPERTY). 

The  Slope  was  sunk  165  yards ;  a  hole  was  driven  76  feet  further,  to  prove  the  dip  of  the 
seam.  The  dip  of  the  Slope  was  17°  S.  ;  dip  of  the  coal  in  the  hole  35°.  Had  in  1853  one  lift, 
gangways  E.  and  W.  from  a  point  140  yards  from  the  top  of  the  Slope,  the  E.  gangway  driven 
125  yards,  and  W.  200  yards.  The  gangways  are  somewhat  winding.  From  each  gangway, 
tunnels  are  driven  S.  to  the  7-feet  coal.  On  the  E,  side  the  tunnel  is  10  feet  3  inches  long  ;  on 
the  W.  only  7  feet.  The  Mammoth  bed  is  from  18  to  25  feet  thick,  the  overlying  seam  is  from 
7  to  9  feet  thick.  The  basin  was  not  then  reached.  The  basin  of  Milnes  and  Snyder  dips  to 
W. ;  therefore,  though  this  slope  starts  at  a  lower  level,  it  had  not  gained  the  coal. 

Carey  s  Shaft  — This  coal-pit  is  situated  a  short  distance  S.  of  axis  F  of  the  basin  F  G.  Its 
dimensions  are  10-^  feet  by  18  feet.  It  intersects  the  Primrose  Coal  at  122  feet  below  the  sur- 
face, and  the  Mammoth  or  Big  White- Ash  bed  at  438  feet.  From  Carey's  Shaft  to  Pinkerton's 
outcrop  of  the  Mammoth  Coal  is  740  yards  in  a  N.  and  S.  line.  The  boring  which  preceded  the 
shaft  or  pit,  only  recently  completed,  indicated  three  coal-beds,  two  of  them  very  thin  ones, 
between  the  Primrose  seam  and  the  7-feet  thick  companion  coal  of  the  Mammoth  bed.  That 
next  beneath  the  Primrose  bed  is  the  Flowery  Field  Coal  of  our  Section  :  it  is  called  on  Mill 
Creek  the  Holmes  Coal. 

The  annexed  Table  displays  the  depths  at  which  the  several  coal-seams  were  reached,  and 
approximately  the  nature  of  the  strata  between  them.  No  boring  can  be  deemed  accurate  in 
its  indications  of  the  thicknesses  of  the  coal-seams,  as  Bony  coal,  and  even  very  coaly  shale,  are 
sometimes  mistaken  for  true  working  coal. 

TABLE. 

Thickness.       Depth  from  Surface. 


Feet. 

Inches. 

Feet. 

Inches. 

Rock  and  slate,        .          .          .  . 

.  119 

0 

Primrose  Coal,         .          .          .  . 

3 

0 

122 

0 

Rock  and  slate,        .          .          .  . 

.  68 

0 

Holmes  Coal,           .          .          .  . 

4 

6 

194 

6 

Rock  64)  feet,  slate  10  feet,  . 

.  74 

0 

Coal,           .          .  . 

1 

0 

296 

6 

Slate,          .          .          .          .  . 

.  .51 

0 

Coal,          .          .          .          .  . 

1 

8 

322 

2 

Rock  54  feet,  slate  1 8  feet,  . 

72 

0 

Coal,  7-feet  vein,      .          .          .  . 

8 

6 

402 

8 

Slate,          .          .          .          .  . 

.  14 

0 

Mammoth  White- Ash, 

.  22 

0 

438 

8 

BORING  IN  CROVv^  HOLLOW   IN  BASIN  FG,  ON  THE  ESTATE  OF  THE  NORTH  AMERICAN 

COAL  COMPANY. 

An  experimental  boring  was  completed  in  1853,  under  the  direction  of  Mr  P.  W.  Shaeffer, 
mining  engineer,  to  test  the  depth  of  the  Mammoth  White-Ash  Coal  on  the  lands  of  the  North 
American  Co.,  in  the  belt  I  have  called  basin  F  G.    It  was  judiciously  located  a  little  N.  of  the 
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outcrop  of  the  Primrose  bed.  A  shaft  simk  here  will  command  a  good  field  of  the  thick  and 
valuable  ]\Iammoth  seam,  in  the  somewhat  gently  South-dipping  side  of  the  basin  FG ;  but  the 
rather  abrupt  axis  G  is  likely  to  intercept  the  progress  of  mining  Southward,  after  passing  the 
synclinal  axis,  distant  from  the  boring  only  a  few  hundred  feet.  The  following  Table  exhibits 
the  strata  penetrated  by  the  bore-hole.  A  comparison  of  it  and  the  preceding  table  betrays 
some  curious  discrepancies  in  the  thicknesses  of  the  strata,  especially  the  sandstones,  ever  the 
most  inconstant  members  of  our  anthracite  Coal-measures. 

TABLE. 

Thickness.        Depth  from  Sdrface. 


Feet. 

Inches, 

Feet 

Inches. 

Sandstone,  slate,  and  rock,  .... 

.  88 

1 

Holmes  Coal,  ..... 

4 

2 

92 

3 

Sandstone  and  slate,  .... 

57 

H 

149 

81 

Dark-brown  slate,  with  iron  ore  and  a  seam  of  coal. 

.  35 

0 

184 

8i 

Slate,  with  leader  of  coal,  .... 

10 

2 

194 

101 

Rock,  and  some  slate,  .... 

.  189 

H 

384 

0 

Slate,  ...... 

.  21 

0 

405 

0 

to  the  Mammoth  White-Ash  Vein. 


MILL  CEEEK,  SOUTH  OF  CAEEY'S  SHAFT, 

There  is  a  2-feet-thick  coal  N.  of  the  Orchard  Seam  on  Mill  Creek.  The  latter  bed  should, 
from  its  angle  of  dip  and  the  position  of  its  outcrop,  intersect  the  shaft,  but  it  has  been  looked 
for  in  vain.  The  inference  is,  that  it  turns  away  towards  the  N.  as  it  descends  ;  it  may,  there- 
fore, basin  with  the  coal  above  mentioned.  The  Orchard  is  about  3  feet  thick  ;  there  is  nothing 
but  fine  fissile  slate  between  it  and  the  small  coal,  and  the  same  exists  between  the  tw^o  Han- 
cocks. The  two  Hancock  beds  form  a  folded  trough  :  they  are  distant  at  the  outcrop  on  the 
hill  about  50  feet ;  at  the  drift  the  distance  is  scarcely  10  feet,  and  a  few  feet  below  this  they 
come  together.  There  is  a  small  anticlinal  or  roll  between  the  Orchard  and  the  Hancock  Coals. 
The  Hancocks  are  about  3  feet  in  thickness  each,  and  were  once  worked  about  150  yards  E,  of 
Mill  Creek. 

The  Big  Diamond  Coal,  7  feet  thick,  worked  at  the  slope,  is  found  to  flatten  as  it  descends. 
About  200  feet  below  water-level  it  is  flat,  and  then  turns  up.  At  the  flat  part  it  is  more  than 
double  the  ordinary  thickness ;  but,  ascending  on  the  N.  dip,  it  is  crushed  and  worthless,  being 
not  more  than  15  inches  in  thickness. 

The  North  Diamond  bed  is  here  a  mere  leader,  and  worth  nothing.  The  South  Diamond 
Coal  is  reported  to  be  from  4  to  5  feet  thick,  and  is  traceable  as  the  Green  Park  from  East 
Norwegian  to  Mill  Creek.  This  coal,  certainly  identifiable  as  such,  is  struck  on  the  saddle  in 
M'^Ginnis's  Shaft  and  Boring  on  East  Norwegian. 

Between  the  Yard  and  the  Peacock  Coals  on  ]\Iill  Creek  are  three  veins. 

The  Primrose  Coal  on  the  E.  side  of  the  workings  has  a  bottom  of  3  feet  of  Bony  coal ;  it 
contains  6  feet  of  good  coal. 

The  position  of  the  N.  outcrop  of  the  Peach  Mountain  Coal  is  near  the  Summit  Tavern,  W. 
side  of  Mill  Creek.    Between  the  Big  and  Little  Tracey  Coals,  the  chief  rock  is  a  sandy  olive 
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slate,  or  tiaggy  sandstone,  passing  upwards  into  olive  shalj  slates,  weathering  very  ochreoiis. 
Above  tlie  Little  Tracey  are  similar  olive  slates,  passing  upwards  into  sandy  slates  and  flaggy 
sandstone,  grey,  greenish,  and  rather  soft,  often  coarse,  and  sometimes  pebbly.  Above  this,  and 
immediately  under  the  Peach  Mountain  Coal,  are  ochreous  olive  shaly  slates. 

Peach  Mountain  Basin,  E.  Side  of  Mill  Creek. — From  the  Big  Tracey  Coal  across  the 
measures  to  the  Little  Tracey  bed  is  140  feet.  From  the  Little  Tracey  to  the  synclinal  axis 
of  the  conglomerate  the  distance  is  200  feet.  There  is  no  room  here  for  the  Peach  Mountain 
Coal. 

UPPER  EED-ASH  COALS  OF  MILL  CREEK. 

Beginning  with  the  Main  Gate  Coal  on  the  E.  side  of  Mill  Creek  Valley,  and  advancing  N., 
the  first  coal  is  the  North  Gate,  distant  1 75  feet,  and  the  rock  between  Gate  and  North  Gate  is 
a  coarse  grey  sandstone,  slightly  conglomeritic  (pebbles  pea  size),  and  then  thick  shales. 

2.  The  2d  North  Gate  is  N.  of  the  1st  95  feet,  and  between  it  and  the  1st  North  Gate  are 
only  argillaceous  sandstones  and  shales.  A  few  feet  above  the  2d  North  Gate  there  is  a  coarse 
angular  speckled  pebbly  sandstone,  the  pebbles  few,  and  only  in  certain  layers.    It  is  perhaps 

.from  10  to  12  feet  thick. 

3.  About  62  feet  N.  of  the  2d  North  Gate  bed  is  the  3d  NoHh  Gate,  in  fault,  and  about  10 
feet  above  it  is  a  sandstone. 

The  white  cono-lomeritic  sandstone  at  the  turn  of  the  road,  670  feet  from  the  Gate  bed,  is 
probably  the  same  as  that  of  the  hill  at  the  Norwegian  at  Temple's  Tavern.  A  little  coal  in 
fault  at  710  feet  from  the  Gate  bed  is  probably  the  coal  of  the  synclinal  axis. 

A  hard  grey  speckled  sandstone,  10  or  12  feet  thick,  succeeds,  which  maybe  detected  in  the 
synclinal  axis,  where  it  is  deeper  than  at  Temple's  synclinal  on  Norwegian.  The  position  of  the 
Little  Dirty  Coal  (Temple's)  is  to  the  N.  of  the  turn  in  the  road.  Then  come  the  conglomerate 
and  other  measures  on  a  S.  dip,  from  35°  to  40°,  all  corresponding  with  the  N.  dips. 

The  Little  3d  North  Gate,  under  the  name  of  the  Little  Sandrock  of  East  Norwescian, 
overlies  at  the  proper  distance  of,  say  12  feet,  a  rough  conglomerate  and  sandstone. 

The  Big  Sandrock  Coal  is  seen  on  the  roadside,  and  in  the  drift  under  the  road.  This  is 
the  2d  North  Gate  Coal.    A  drift  on  the  W.  side  of  the  valley  is  on  same  coal. 

The  Yard  Coal  of  East  Norwegian,  or  1st  North  Gate,  is  opened  by  an  old  drift.  There  is  a 
small  coal  above  the  Lewis,  which  is  the  small  coal  N.  of  the  main  Gate.  All  the  elements 
agree,  and  this  view  of  the  identity  of  the  Lewis  and  Gate  Seams  was  maintained  by  Mr  John 
Madison,  an  estimable  mine-viewer,  several  years  ago. 

The  Little  Lewis,  or  Little  Spohn  Coal  of  Belmont,  crops  out  South  of  the  Lewis  about  25 
or  30  feet. 

The  Lewis  Coal  colliery  is  that  of  Snyder  and  Milnes,  and  that  on  the  opposite  or  "W.  side  is 
the  colliery  of  Mr  Bainbridge.  There  is  no  true  Spohn  Coal  here,  but  a  small  18-inch  coal  N.  of 
the  engine-house  ;  then  the  Palmer  Coal  at  the  drift. 

A  massive  sandstone,  pebbly,  somewhat  grey  and  speckled,  lies  between  the  Lower  Lewis  and 
the  Palmer  ;  it  dips  30°  and  35°.  Then  directly  over  the  Palmer  is  coarse  sandstone,  then  coal, 
with  olive  shales  between  it  and  conglomerate,  dipping  45°. 

The  Palmer  answers  to  the  South  Gate  Coal.    It  here  averages  3  feet  in  thickness,  one  solid 
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block.  The  so-called  Spohn  Coal  dips  from  30°  to  35°;  it  outcrops  on  the  road  opposite  the 
S.  end  of  the  barn.    It  averages  6  feet  of  coal. 

Above  the  house  are  two  coals  at  an  old  drift ;  the  first  S.  is  the  Robert  Wain  Coal,  dipping 
70°  S.,  but  fiuilty.  Its  thickness  averages  7  feet.  Soft  measures  occur  between  it  and  the  Clark- 
son  Coal,  with  gentle  dip.  There  are  6  feet  of  coal  here.  The  tunnel  runs  from  the  Spohn  to  the 
Wain  Coal. 

The  Little  Clarhson  dips  from  20°  to  25°.    It  has  3  feet  of  coal. 
A  supposed  coal  is  said  to  occur  in  the  interval. 

The  Cellar  or  Stevenson  Coal  is  to  be  seen  at  an  old  drift  on  the  roadside. 

We  now  cross  a  hollow,  and  pass  a  small  coal  at  a  spring  in  the  meadow,  and  another  small 
coal  just  opposite  the  S.  end  of  the  North  American  Company's  Mill ;  then  the  synclinal  axis  at 
the  N.  end  of  the  mill. 

The  rocks  are  argillaceous  flaggy  sandstone  ;  then  a  small  coal  repeated  on  a  S.  dip,  and 
another  small  coal  in  a  quarry  N,  of  the  sawmill. 

North  of  a  white  house  on  the  roadside  there  is  a  small  coal  which  rolls  and  turns  into  a  N. 
dip.  This  spot  corresponds  to  the  confused  measures  near  the  furnace  on  the  opposite  side  of 
the  valley.  Over  this  small  coal  there  is  a  shale,  then  sandstone  and  conglomerate  in  the  basin 
at  an  angle  of  the  road.  The  dip  is  gently  S.,  to  aU  appearance  in  the  same  sandstone.  This  is 
the  conglomerate  of  the  turn  of  the  road  on  the  W.  side  of  MiU  Creek  near  Smnmit  Tavern. 

On  our  line  at  the  road  is  a  drift  in  the  Little  Tracey  Coal  in  position  under  the  conglomerate. 
The  Big  Tracey  Coal  drift  and  shaft  are  at  a  ravine  at  the  turn  of  the  road.  The  dips  are  gentle, 
from  25°  to  30°.    A  coarse  sandstone  overlies  it. 

It  is  thought  by  some  that  the  Little  Tracey  of  this  side  is  the  coal  called  the  Clinton  on  the 
other,  and  the  Big  Tracey,  the  Peacock. 

Between  the  Big  Tracey  and  the  Yard  Coal  is  seen  on  the  road  a  coarse  conglomeritic  sand- 
stone. In  a  quarry  of  flaggy  sandstone  and  shale  there  is  a  little  coal  in  fault.  The  Yard  Coal 
dips  here  42°  S.  Next  under  this  is  the  outcrop  of  a  grey-speckled  sandstone  with  yellow  specks 
of  oxide  of  iron,  10  feet  thick  ;  this  bears  for  the  slope  belonging  to  the  Clinton  Coal  on  the  W. 
side.  Next  N.  of  the  faulty  coal,  opposite  a  small  house  at  the  bend  of  the  road,  is  a  coal,  pro- 
bably the  true  Clinton  seam.  It  is  that  on  which  the  slope  is  sunk  at  the  Great  Dirt-heap.  It 
varies  in  thickness  from  4  to  9  feet,  and  is  thickest  when  dipping  steepest.  It  is  sunk  upon 
through  70  yards  in  the  slope.  Under  the  Clinton,  about  30  feet,  there  is  a  small  18-inch  coal — 
the  Perpendicular  Coal  of  the  W.  side  of  the  valley. 

The  South  Diamond  is  in  a  drift  S.  of  a  white  house  (Mr  Madison's),  and  the  Green  Park  of 
the  Furnace  is  there  called  the  Diamond. 

The  North  Diamond  is  the  coal  at  the  old  engine-house  on  the  W.  side  of  the  valley.  It  is 
80  feet  S.  of  the  Little  Hancock.  A  faulty  small  coal  is  in  the  slope.  It  is  faulty  at  Wadesville 
(East  Norwegian),  but  not  at  Oak  Hill.    It  dips  25°. 

An  old  drift  at  the  S.  end  of  the  rubbish-heap  is  on  the  Little  Hancock.  This,  on  the  West 
Norwegian,  is  a  good  coal  of  20  inches  thickness. 

The  Main  Hancock  Coal  dips  25° ;  it  is  3  feet  thick,  but  faulty. 

This  ends  the  group  of  true  Eed-Ash  Coals  of  the  Mill  Creek  Valley. 

On  the  W.  side  of  Mill  Creek  Valley  is  the  Yard  Coal,  here  called  by  some  the  Clinton  Coal. 
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A  slope  has  been  sunk  on  the  Peacock  Coal.  It  is  worked  at  West  Norwegian,  but  called  there 
the  Clinton  Vein.  The  Green  Park  Coal  of  Mill  Creek  is  that  immediately  S.  of  the  furnace. 
It  is  apparently  one  of  the  Diamond  group.  It  measures  from  5  to  6  feet,  and  dips  45°  S.  Next 
is  a  dirt  coal,  not  here  opened,  but  it  is  opened  on  both  Norwegian  valleys. 

The  South  Diamond,  here  so  called,  is  next  N.  of  the  Green  Park  Coal.  It  is  nearly  per- 
pendicular in  the  hollow,  but  only  driven  in  100  yards.  Next  N.  is  a  coal  worked  by  Nicholas 
many  years  since  ;  it  has  a  dip  of  say  45°  S.,  with  4  feet  of  coal.  Then  the  Big  Diamond  ;  thick- 
ness 5  feet  ;  dipping  35°  S.  In  this  bed  Eichardson  reached  the  bottom  of  a  local  narrow  basin. 
The  bed  sent  otf  a  one-foot-thick  leader,  and  rolled  up  into  a  N.  dip.  The  mine  was  worked  both 
E.  and  W.,  and  good  coal  was  taken  from  the  S.  dip,  until  a  fault  at  both  ends  stopped  them. 
The  N.  dip  went  up  4  or  5  yards,  then  turned  over  into  a  pinched  S.  dip — all  faulty. 

The  Coals  immediately  above  the  Green  Park  Seam  on  Mill  Creek  are  as  follows  : — 

1.  There  is  a  3-feet  coal  90  or  100  feet  above  the  Green  Park  bed,  or  50  feet  above  the  intermediate  Little 
Diamond  Coal. 

2.  A  3-feet  coal  shown  by  black  dirt. 

3.  Another  coal,  about  7  yards  below  the  Peacock,  covered  by  a  coarse  sandstone,  containing  from  8  to  10 
inches  of  iron  ore,  and  upon  this,  the  Peacock  Coal,  now  mined  by  a  slope.    It  is  generally  7  feet  thick 

The  Clinton  or  Yard  Coal  is  generally  from  2|-  to  3  feet  thick. 

Under  the  Primrose  Coal  on  Mill  Creek  is  the  Black  Valley  or  John  Holmes  Coal,  from  3-| 
to  4  feet  thick,  carrying  a  little  over  it  a  small  6  or  8  inch  coal.  It  was  drifted  and  found  in 
fault  at  300  yards. 

The  Black  Heath  Coal  occurs  at  Pinkerton's  Breaker.  It  is  only  opened  in  black  dirt  at 
Pinkerton's  Colliery,  and  seems  to  be  about  5  feet  thick,  but  was  not  worked  at  the  period  of  our 
survey. 

SINGLEY'S  FAEM. 

Anticlinal  J. — This  axis  forms  a  very  sharp  crest,  the  turn  of  the  dip  being  on  the  N. 
brow  of  the  hill,  where  the  Clarkson  Coal  shows  itself  on  the  N.  and  S.  sides  of  the  axis-line  in 
adjacent  outcrops,  the  N.  dip  being  steep.  On  the  crest,  and  in  the  hollow  next  S.,  the  dips 
repeatedly  change,  with  crush  and  slight  dislocation,  of  which  there  is  a  remarkable  instance  at 
the  crest  of  the  hill  in  the  road. 

1.  The  Lewis  Coal  crops  out  on  a  bench  of  the  high  hill  S.  of  old  Singley's  house.  It  is  4 1  feet  thick.  The 
gangway  runs  Eastwardly  through  the  hill,  and  out  to  the  next  ravine.  The  dip  is  quite  steep  to  the  S.  This 
coal  is  faulty  for  300  yards  towards  the  E.,  both  above  and  below  water-level ;  also  on  the  adjoining  property  to 
the  E.  for  70  yards. 

2.  The  Palmer  Coal,  which  was  worked  out  at  Cwmbola,  crops  out  about  300  feet  N.  of  the  Lewis  Coal, 
but  is  not  worked  here. 

3.  The  Chestnut  Coal  was  worked  on  Mill  Creek  by  Milnes  below  water-level,  and  by  Spencer  and  Mason  in 
a  drift.  It  is  from  3  to  4  feet  thick,  and  crops  out  directly  on  the  crest  of  the  hUl  at  the  road.  There  was  an 
iron  stack  upon  it  in  the  Orchard.  It  had  been  worked  from  Mill  Creek  150  yards  E.  of  this,  or  about  2000 
yards  E.  in  all. 

4.  The  Clarkson  Coal  was  opened  on  both  sides  of  the  crest  axis.  It  is  from  3  to  5  feet  thick,  and  is  worked 
from  Mill  Creek  to  the  road  at  Singley's. 

VOL.  II.  •  S  , 


138 


MILL  CREEK. 


5.  There  is  a  small  bed  of  about  18  inches  thickness  between  the  Chestnut  and  Clarkson  coals  ;  it  was 
explored  only  on  the  S.  dip. 

6.  A  coal  N.  of  the  Clarkson  bed,  called  the  Robert  Wain,  dips  nearly  perpendicularly.  It  is  85  yafds 
N.  of  the  Clarkson,  and  is  in  the  tunnel  at  MiU  Creek  :  its  usual  thickness  is  from  4  to  6  feet,  sometimes 
rather  more. 

7.  The  Stevenson  Coal,  dipping  S. ;  about  4  feet  thick;  variable.    The  gangway  runs  only  36  yards. 

8.  A  coal  occurs  in  Singley's  well,  about  3^  feet  thick  ;  very  good  ;  dips  S.  It  is  75  yards  beyond  the 
Robert  Wain. 

9.  A  coal  dipping  N.  about  70°,  6  feet  thick,  just  shafted  on  by  Mr  Singley.  Very  good  Red- Ash  coal,  about 
50  yards  N.  of  the  well. 

10.  A  South-dipping  coal,  not  very  steep  ;  3  feet ;  worked  only  150  yards  :  its  outcrop  is  150  yards  from 
No.  9.    The  two  would,  of  course,  form  a  synclinal  trough. 

11.  A  coal  dipping  S.,  about  5^  feet  thick  ;  irregular  :  it  has  been  shafted  by  Mr  Singiey.  This  crops  out 
in  the  wood  N.  of  the  cornfield  about  70  yards  N.  of  No.  10.  It  is  called  here  the  Peach  Mountain  Vein.  On 
the  road,  a  few  yards  N.  of  the  cornfield  fence,  the  rocks  dip  steadily  S. 

12.  A  coal  called  the  Bony  Coal ;  Red  Ash  ;  is  about  4  feet  thick. 

MILL  CREEK  (SOUTHERN  PART)  COLLIERIES. 

Spencer  and  Mason's  Drift  on  the  Palmer  Coal  (Singley's  Chestnut  Vein). — The  coal 
is  about  3  feet  thick  throughout ;  dip  24^°  S.  The  coal  is  good,  in  one  solid  mass,  with  no 
slate  divisioDS.  Above  the  coal  is  from  6  to  7  feet  of  fireclay — a  loose  poor  top  ;  above  it 
is  hard  solid  sandstone.  The  gangway  runs  E.  about  2000  yards.  At  1760  yards  there  is  an 
air-stack  :  the  breast  measures  195  yards.    It  has  been  worked  about  twenty  years. 

Spencer  and  Masons  Spohn  Coal  Drift. — This  is  44  yards  N.  of  the  Palmer  ;  average  dip 
27°  S.,  but  varies  greatly,  sometimes  being  as  steep  as  50°,  and  sometimes  nearly  level.  The  coal 
averages  5  feet  in  thickness  in  three  benches.  The  lower  is  20  inches  thick,  and  the  best  coal.  The 
middle  has  from  20  inches  to  2  feet  of  excellent  pure  coal.  The  upper  has  15  inches  of  coarse 
coal.  The  gangway,  when  driven  about  1000  yards  E.,  reached  a  rock-fault  which  cut  off  all 
the  coal  except  6  or  7  inches.  The  drift  was  driven  140  yards  through  the  fault,  the  coal  vary- 
ing from  7  inches  to  4  feet  in  thickness.    In  1853  it  had  been  worked  eleven  or  twelve  years. 

Snyder  and  Milnes'  Lewis  Coal  Slope. — Down  on  the  Lewis  Coal,  125  yards  from  the  top, 
and  100  yards  below  water-level,  with  S.  dip  of  35°,  the  vein  averages  4^  feet  in  thickness.  It 
has  two  benches ;  the  lower  is  2  feet  thick,  and  the  upper  2^  feet  thick,  with  sometimes  a  little 
slate  between.  The  top  slate  is  good,  and  from  6  to  7  feet  thick  ;  on  top  of  this  is  a  leader  with 
18  inches  of  good  coal  ;  at  the  bottom  is  one  foot  of  slate,  then  a  6-inch  leader,  and  below  this 
hard  rock. 

The  gangway  runs  E.  1800  yards  ;  for  the  last  500  yards  the  coal  is  faulty  and  crushed. 
From  the  bottom  of  the  slope  it  was  tunneled  N.  215  yards.  At  165  yards  it  is  cut  by  the  Yard 
Coal  C?)  only,  18  inches  thick  :  they  drove  E.  on  it  1800  yards.  The  coal  opens  out  to  2f  feet 
in  thickness,  which  it  averages  :  it  has  a  sort  of  soft  fireclay  top,  with  slate  at  bottom.  In  the 
tunnel  is  sandstone  and  conglomerate.  At  the  end  of  the  tunnel  is  the  Spohn  Coal,  called  the 
North  Coal  there.  Driving  E.,  the  coal  averages  3  feet  in  thickness.  Faults  are  frequent  ;  at  the 
top  is  dirt,  and  sometimes  Bony  coal.    This  mine  sends  from  15,000  to  18,000  tons  away. 

Haven's  Lewis  Coal  Slope. — This  Slope  was  in  1853  down  185  yards,  and  163  yards  below 
the  creek-level. 
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The  coal  was  7  feet  of  average  thickness,  in  three  benches  :  the  top  is  4  feet  thick,  with 
thin  parting  ;  the  middle  bench  is  9  inches  thick,  with  18  inches  of  slate  parting ;  and  the 
bottom  bench  is  from  15  to  20  inches  thick.  The  top  of  the  seam  contains  2  feet  of  Bony  coal  : 
dip  32°  S.  on  the  first  lift  (100  yards)  ;  below  that  it  is  steeper.  The  end  of  the  Western  gang- 
way is  marked  by  a  stack  near  the  East  Norwegian  road. 

There  was  nodular  iron-ore  3  feet  in  thickness  about  15  feet  below  the  coal  and  sandy 
slates,  and  soft  sandstone  between  it  and  the  Slope  coal. 

There  is  a  3-feet  leader  N.  of  the  Slope  coal ;  then  40  feet  of  soft  sandstone  and  conglo- 
merate, dipping  40°  S.  to  the  SpoJm  Coal,  which  contains  8  feet  of  coal.  Above  the  Lewis  Coal 
is  a  bed,  about  1 8  feet  thick,  of  slaty  sandstone,  generally  soft  and  crumbly,  surmounted  by  a  coal 
one  foot  thick. 

The  bearing  from  the  tip  of  Haven's  Slope  to  the  tip  of  Snyder  and  Milnes'  Slope  is  N. 
72°  E.  by  compass,  showing  the  average  strike  of  the  Coal-measures. 

From  Haven's  Slope  to  the  office  is  300  feet.  Here  is  a  quarry  of  ochreous  sandstone, 
dipping  20°  S.  Above  this  are  brownish  and  olive  slates,  continuing  for  150  feet  to  a  small  l^ed 
of  coal  and  slate  2f  feet  thick.  Then  yellowish  and  grey  flaggy  sandstone,  weathering  brown, 
S,  dip  35° ;  and  above  this  argillaceous  slates,  weathering  brown,  to  the  Sandrock  Coal,  123  feet. 
Upon  this  lies  a  grey  conglomeritic  sandstone  1 5  feet  thick.  Its  contact  surface  is  very  irregular  ; 
the  thickness  of  the  coal  is  about  3  feet  :  though  not  uniform,  it  contains  not  one  foot  of  good 
coal.    On  the  E.  side  it  is  4  feet  thick,  and  regular. 

About  27  feet  S.  of  this  is  the  Little  Sandrock  Coal,  and  immediately  under  it  are  shales. 
Then  280  feet  of  argillaceous  ochreous  sandstone,  slate,  and  shales,  dipping,  as  above,  to  a  small 
bed  newly  opened,  above  which  is  a  coarse  sandstone  and  Pea  and  Nut  conglomerate,  passing 
upwards  into  a  flaggy  grey  sandstone. 

The  bearing  of  the  outcrop  of  conglomerate  on  the  E.  side  of  the  valley  is  N.  70°  E.  This 
rock,  as  exposed  on  the  E.  side,  is  a  massive  bluish-grey  conglomerate  containing  blue  slate, 
pebbles,  as  well  as  sparse  ones  of  white  quartz  ;  dip  40°  S.  The  white  pebbles  are  seen  running  in 
narrow  courses ;  over  this  is  20  feet  of  ochreous  shaly  slate,  then  20  feet  of  conglomeritic  sand- 
stone like  the  preceding,  90  feet  of  arenaceous  slate  and  shale,  and  ochreous  or  red  sandstone 
on  the  surface,  then  20  feet  of  coarse  grey  and  brownish  sandstone,  dipping  S.  40°.  This  is 
situated  at  the  E.  point  of  the  hill. 

PORT  CARBON,  MILL  CREEK. 
COAL-SEAMS  IN  THE  GATE  EIDGE  ANTICLINAL  FLEXUEE. 

The  Port  Carbon  Section  shows  in  the  end  of  the  hill  a  coal  at  1 1 0  feet  from  the  last  stratum 
exposed  at  the  road.    It  is  the  Faust  Coal. 

The  Rabbit  Hole  Coal  is  at  250  feet.  The  Little  Tunnel  Coal  comes  above  the  Eabbit  Hole,  and 

The  Main  Tunnel  Coal  occurs  next.  Under  the  Tunnel  Coal  is  the  hard  sandstone  of  the  hill 
of  the  Catholic  Chapel. 

The  Black  Mine  Coal  occurs  between  the  Catholic  Chapel  and  the  road. 

The  Lawton  Coal  is  next. 

The  Belfast  Coal  succeeds,  and  appears  in  a  garden. 
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The  Belfast  Coal  is  seen  again  57  feet  S.  of  a  stake  at  the  edge  of  the  street  :  the  Alfred 
Laivton  bed  has  a  vertical  dip  :  the  anticlinal  will  be  near  the  stake  just  spoken  of. 

The  Lion  Coal  and  the  Alfred  Lawton  are  probably  the  same  bed,  and  on  the  W.  side  of  Mill 
Creek  appear  at  the  anticlinal.    The  Lion  Coal  is  called  the  Barn  Coal. 

To  the  Lion  succeeds  the  Ridge  Gate  Coal,  S.  of  the  old  engine-house.  This  has  a  dirt-bed  on 
its  W.  side  next  S.  of  the  spur,  and  is  there  called  the  Little  Perpendicular.  There  is  another  coal 
just  S.  of  a  hard  sandstone  and  conglomerate  ;  it  has  no  name,  but  it  is  also  seen  at  an  old  drift 
on  the  W.  side  of  the  Pottsville  Gap.  The  South  Gate  is  about  100  feet  N.  of  the  last ;  and  at 
about  200  further  is  the  Gate  Coal,  within  50  feet  of  the  stream.  Again,  on  the  road  through  the 
valley,  the  South  Gate  and  the  Gate  are  crossed.  The  former  is  150  feet  S.  of  the  latter,  with 
nearly  vertical  dips. 

A  careful  revision  of  the  ground  occupied  by  the  Lewis  and  Gate  groups,  leads  to  the  follow- 
ing conclusions  in  regard  to  identity  :  that 

The  Lewis,  Gate,  and  Tunnel  Coals  are  the  same  : 

The  Lower  Leivis,  or  Little  Spohn,  is  the  South  Gate  or  Blackmine  Coal : 

Spohn,  Palmer,  Yard,  Chestnut,  of  Spencer  and  Mason  (iron  air-shaft  coal  of  Singley's  Farm), 

are  the  same  as  the  Little  Perpendicular  Gate  Coal,  or  Engine  Gate,  and  therefore  the  equivalent 

of  Selkirk.    This  is  sustained  by  the  overlying  conglomerate. 

The  Little  Tunnel,  Rahhit  Hole,  and  Nest  Coals,  are  the  Yard,  Big  and  Little  Sandrock 

Coals. 

Junction  Tract  (Property  of  North  American  Company). — The  S.  slope  at  the  mines  here 
is  on  the  Tunnel  Coal,  which  is  identical  with  the  Tunnel  Coal  of  Salem  Hollow.  It  was  not 
worked  E.,  except  at  Oliver's  in  Bear  Eidge,  and  it  is  traced  nearly  opposite  to  New  Phila- 
delphia. 

The  first  coal  caught  in  Chillis'  Hollow  is  the  Faust  Coal,  which  crops  out  near  the  tavern, 
while  the  Eabbit  Hole  crops  out  a  little  N.  of  the  crest  of  the  ridge  of  hard  rock.  The  thickness 
of  the  Eabbit  Hole  at  this  locality  is  2\  feet ;  and  the  distance  between  it  and  the  Tunnel  Coal 
is  about  45  yards — the  measures  being  chiefly  sandstone. 

The  Tunnel  Coal  of  this  locality  is  about  4^  feet  thick,  and  has  upon  its  top  about  8  feet  of 
soft  and  bony  coal  and  shale.  It  is  generally  overlaid  with  from  2^  to  3  feet  of  this  matter. 
The  dip  is  about  40"  S.  The  gangways  run  E.  and  W.  The  coal  lies  in  two  benches,  each  bench 
containing  from  2  to  2^  feet  of  coal.  Between  the  two  is  a  thin  layer  of  dirt.  The  bottom 
bench  contains  rather  the  firmest  and  best  coal.  The  distance  from  the  Timnel  Coal  back  to  the 
Blackmine  bed  is  about  195  feet. 

The  Blackmine  Coal  is  4  feet  thick. 

At  the  Gin,  a  slope  was  sunk  dipping  to  the  E.,  the  steepness  of  the  dip  increasing — this 
being  just  at  the  turn  of  the  saddle.  The  coal  appears  to  be  in  the  position  proper  to  the 
Selkirk  Seam. 

The  Randolph  Tunnel,  in  Sharp  Mountain,  is  3G5  yards  long,  and  cuts  ten  coals  :  the  thickest 
is  8  feet  thick. 
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ANTICLINAL  AND  SYNCLINAL  FLEXUKES,  AND  THE  COAL-BEDS 
CONTAINED  IN  EACH  BASIN. 

Peoceeding,  as  in  the  last  Chapter,  to  point  out,  before  entering  upon  local  details,  the  special 
parts  of  the  Coal-measures  which  present  themselves  at  the  water-levels  of  the  valleys,  and  in 
■the  hills  between,  in  each  particular  basin  formed  by  the  several  parallel  anticlinal  undulations 
of  the  coal-field,  I  shall  commence  my  general  description,  as  usual,  with  the  most  Northern 
belt,  or  that  at  the  foot  of  Mine  Hill. 

Basin  D  E  West,  or  that  of  Mount  Laffy. — We  have  seen  that  on  Mill  Creek,  the  axis  E  in 
the  Primrose  Coal  being  an  exceedingly  feeble  one,  the  basin  before  us  contains  at  the  water- 
level  only  the  South-dipping  strata  belonging  to  the  S.  slope  of  the  axis  D,  and  that  the  coal- 
seams  thus  placed  consist  of  all  the  upper  White- Ash  Measui^es,  excepting  the  Skidmore  bed, 
which  is  on  the  anticlinal  Arch  N  of  the  Mammoth  seam ;  and  also  the  lower  Red-Ash  beds, 
the  Flowery  Field  and  the  Primrose.  But  on  East  and  West  Norwegian  the  anticlinal  E,  or  its 
near  equivalent,  becomes  a  much  bolder  wave,  or  has  a  much  broader  North-dipping  flank. 
The  basin  D  E  exhibits,  therefore,  a  true  North-dipping  belt,  visible  in  the  Primrose  seam  at 
and  above  the  water-level  on  both  the  valleys.  On  East  Norwegian  the  coals  seen  above  the 
general  water-level  are  on  the  N.  side  of  the  basin  ;  the  Mammoth  Coal,  with  its  overlying  7-feet- 
thick  companion-bed,  and  a  little  over  this  the  Black  Heath  Coal ;  then  at  a  horizontal  distance 
of  290  feet,  the  Black  Valley  bed,  and  S.  of  this  206  feet  the  Primrose  Seam.  On  the  N.  dip 
no  coal  has  been  opened  but  the  Primrose,  which  just  at  the  anticlinal  axis  reaches  a  moderate 
elevation  above  the  water-level  of  the  valley,  sufficient  to  enable  it  to  be  successfully  mined  on 
both  its  dips,  or  N.  into  basin  D  E,  and  S.  into  basin  E  F.  At  West  Norwegian  the  general 
condition  of  things  is  almost  precisely  similar,  the  Primrose  Seam  being  here  entered  also  at 
the  anticHnal  axis,  and  wrought  from  Brown's  old  slopes  in  both  basins.  It  would  appear, 
however,  that  either  the  basin  is  deeper  by  a  slight  descent  of  its  synclinal  axis  Westward,  or 
that  the  denuding  waters  have  left  within  it  a  greater  thickness  of  the  coal  strata,  for  it 
contains  in  its  centre  two  seams  of  coal  above  the  Primrose  bed — the  Big  and  Little  Peach 
Orchard  Veins — not  preserved  at  the  East  Norwegian.  A  glance  at  the  Sections  will  make 
these  relations  clear. 

The  accompanying  is  a  Section  of  the  Old  Mount  p^^,  lyO.-Mann  and  Williams'  Tunnel,  Mount  Lafiy, 

Lafi'y  Tunnel.  ^"""^"s;  e.-i  inch  =  200/^.^. 

Belt  E  G. — The  very  feeble  anticlinal  flexure  F 
of  Mill  Creek,  there  gently  undulating  the  Prim- 
rose Coal  below  water-level,  appears  to  afiect  the  ^'"^  ^0"^ 
strata  as  far  W.  as  East  Norwegian,  where  it  lifts 

the  Orchard  Coals  to  the  general  upland,  high  enough  for  them  to  be  denuded  at  the 

axis.     On  the  West  Norwegian  the  corresponding  anticlinal  F  West,  or  L  of  the  Western 
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system,  situated  several  hundred  feet  S.  of  the  trend  of  axis  F,  is  a  flexure  of  greater  breadth 
and  height,  and  of  much  greater  incurvation,  its  N.  dips  being  nearly  perpendicular,  and  its  S. 
dips  as  steep  as  40°  in  this  quarter  :  therefore  the  belt  E  G  includes  two  well-defined  basins ; 
whereas  on  East  Norwegian  it  is  rather  to  be  viewed  as  one  basin — that  of  Wadesville — with  a 
roll  or  subordinate  undulation  500  feet  S.  of  its  North-bounding  axis  E.  On  East  Norwegian 
the  anticlinal  F  does  not  quite  bring  the  Primrose  Coal  up  to  water-level ;  whereas  on  West 
Norwegian,  this  coal,  and  its  attendant  4-feet-thick  underlying  seam,  span  the  axis  F  West  in 
a  well-defined  steep  arch.  In  the  belt  F  G  on  East  Norwegian,  the  lowest  coal  lifted  to  the 
day  at  the  anticlinal  G  is  that  next  beneath  the  Big  Diamond  seam  ;  while  on  West  Norwegian 
the  eflfect  of  the  supposed  same  anticlinal  is  to  elevate  a  coal  considerably  lower — namely,  the 
Little  Diamond.  It  is  a  consequence  of  these  conditions  of  the  flexures,  that  while  the  Big 
Diamond,  or  the  Dado  Coal,  is  the  highest  workable  bed  of  the  Wadesville  Basin,  and  the  Prim- 
rose the  lowest,  the  North  Diamond,  or  Brown's  Upper  Coal,  is  the  highest  workable  on  West 
Norwegian,  and  the  Primrose  the  low^est. 

Belt  G  H. — The  undulated  belt  G  h,^ — viewing  the  anticlinal  h  as  a  persistent  axis  from  East 
to  West  Norwegian,  and  the  flexure  H  as  dying  out  towards  the  Centre  Turnpike  Road, — is  a 
complex  or  double  basin  on  East  Norwegian  ;  and  a  single,  or  a  very  obliquely-crushed  one,  on 
the  W.  valley  of  that  name.  We  know  too  little  of  the  foldings  of  the  strata  in  this  belt  on 
West  Norwegian  to  pronounce  with  any  certainty  regarding  the  place  of  a  folded  synclinal  axis, 
further  than  to  state  that  it  probably  lies  S.  of  the  so-called  Big  or  South  Diamond  Coal.  At 
the  valley  of  East  Norwegian  Creek,  the  coals  called  Big  and  South  Diamond  are  separated  by 
three  intermediate  thin  coals.  The  South  Diamond  of  that  valley  appears  on  both  sides  of  the 
anticlinal  axis  H,  and  again  just  reaches  the  water-level  at  the  axis  h  in  INPGinnes's  boring. 
The  highest  coal  in  the  basin  (r  is  a  seam  next  over  this  South  Diamond  bed  ;  and  the  lowest 
on  axis  G  a  coal  next  below  the  Big  Diamond,  making  in  all  seven  South-dipping  and  two 
North-dipping  outcrops  in  the  basin,  the  synclinal  axis  lying  very  close  to  the  anticlinal  H. 

Peach  Mountain  Basin. — The  highest  coal  preserved  in  the  synclinal  bend  of  this  wide  and 
deep  trough  of  the  coal-field  is  the  Peach  Mountain  Seam.  This  valuable  coal  has  long  since 
been  entirely  worked  out  above  water-level  from  East  to  West  Norwegian,  and  is  by  this  time 
well-nigh  if  not  completely  exhausted  down  to  its  synclinal  turn,  even  on  West  Norwegian, 
where  the  basin,  there  an  oblique  and  compressed  fold,  is  the  deepest.  The  whole  basin  there, 
considering  the  anticlinal  axis  i  as  its  true  S.  boundary,  contains  the  outcrops  of  the  three  valu- 
able coals — the  Peach  Mountain,  Little  Tracey  and  Big  Tracey — besides  a  thin  seam  between 
the  two  former.  The  lowest  coal  lifted  to  the  surface,  on  East  Norwegian,  by  the  anticlinal  i,  is 
the  Big  Tracey  Seam,  which  is  merely  flexed  at  water-level  by  the  anticlinal  I  into  a  very  broad 
and  flat  swell  on  its  N.  dip.  At  the  valley  of  Middle  Norwegian  the  Peach  Mountain  basin 
appears  to  be  more  symmetrical  than  it  is  to  the  E.  or  AV.  :  it  contains  the  same  beds  as  at  East 
Norwegian,  but  is  deeper  and  broader,  holding  originally  a  far  larger  amount  of  the  Peach 
Mountain  Seam.  Here  the  Big  Tracey  Coal,  retaining  its  name  on  the  N.  side  of  the  basin, 
bears  the  name  of  the  Chenoweth  on  the  S.  side,  or  where  it  dips  North,  to  add  to  the  con- 
fusion arising  from  the  ignorance  originally  of  the  identity  of  the  coals  on  opposite  sides  of  the 
saddles  and  basins,  and  the  consequent  application  of  a  separate  name  to  almost  every  separate 
outcrop  of  this  Big  Tracey.    Chenoweth  Seam  of  the  Peach  Mountain  basin  is  on  the  S .  side 
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of.  the  anticlinal  i,  called  the  Clarkson  Coal,  while  the  Little  Tracey,  passing  the  same  axis,  is 
named  the  Pearson  Seam,  the  Peach  Mountain  bed  itself  being  called  the  Barclay  Coal.  (May 
not  the  Barclay  Coal  represent  the  small  coal  between  the  Peach  Mountain  and  Little  Tracey, 
and  the  Spohn  Vein  be  the  true  representative  of  the  Peach  Mountain  Coal  1) 

Basin  i  J. — A  steep  and  much-compressed  basin,  or  oblique  South-dipping  trough,  is  visible 
on  both  East  and  Middle  Norwegian  valleys,  between  the  steep  anticlinal  undulation  i  and  the 
sharply-folded  South-dipping  anticlinal  J.  On  East  Norwegian,  the  anticlinal  J  exposes  above 
the  water-level  the  Big  Tracey  Coal  known  as  the  Clarkson  north  of  the  inclined  anticlinal  axis 
plane,  and  the  Mason  Coal  south  of  it ;  hoth,  however,  dipping  South.  As  a  consequence 
of  this  stmcture,  the  Peach  Mountain  and  Little  Tracey  coals,  and  probably  one  or  two 
seams  higher,  lie  in  the  middle  of  the  basin,  with  both  sets  of  outcrops  dipping  steeply  South- 
ward ;  the  S.  set  belonging,  of  course,  to  the  inverted  portion  of  the  beds.  To  identify  either  of  the 
greatly  crushed  and  faulty  seams  of  this  folded  anticlinal  with  either  of  the  well-known  beds  of 
the  Peach  [Mountain  Basin,  is,  in  the  present  state  of  our  knowledge  of  the  ground,  impossible. 
It  might,  perhaps,  have  been  practicable  twenty  years  ago,  at  the  period  of  the  most  active 
operations  of  the  East  Delaware  Mines,  but  in  the  present  dilapidated  and  inaccessible  condition 
of  the  old  gangways,  and  the  absence  of  deep  slope  or  pit  workings,  the  co-ordination  of  the 
seams  is  too  uncertain  to  be  ventured  upon. 

Crossing  over  to  the  Middle  Norwegian,  the  anticlinal  flexure  J,  already  beginning  to 
subside,  has  converted  its  inverted  N.  flank  into  a  perpendicular  one  at  the  North  American 
Company's  mines  in  this  valley.  The  uppermost  coal-bed  of  the  basin  *  J  is  the  Spohn  Seam, 
which,  on  the  N.  side,  dips  S.  30°,  and  on  the  S.  side  is  perpendicular,  and  is  called  the  Per- 
pendicular Coal.  It  is  squeezed  from  a  thickness  of  7-g-  feet  to  one  of  3  feet.  This  seam  spans 
the  anticlinal  J  at  a  high  level,  and  becomes  the  well-known  Lewis  Coal  of  the  adjoining  basin 
/  K,  dipping  again  S.  30°. 

Every  efibrt  to  identify  this  important  anticlinal  flexure,  which  separates  the  Lewis  and 
Spohn  Coals  on  the  W.  side  of  West  Norwegian,  has  hitherto  proved  abortive,  though  their 
identity  has  been  established,  it  is  thought,  beyond  question,  by  actual  mining  ;  the  workings 
belonging  to  the  two  outcrops  coming  together  a  little  E.  of  this  valley  being  separated  by 
merely  a  fault  or  jumble  of  the  strata,  the  apparent  running-out  of  the  sharp  axis  J. 

Basin  J  K,  or  that  of  West  Norwegian. — Between  Mill  Creek  and  the  West  Norwegian 
Valley  the  synclinal  trough  included  between  the  anticlinal  axis  J  and  that  of  the  Gate  Eidge  K 
is  broad,  deep,  and  reg-ular.  On  Mill  Creek,  as  our  Section  of  the  strata  at  that  valley  shows, 
its  central  portion  is  nearly  symmetrical,  the  N.  dips  not  much  exceeding  the  S.  ones  until  we 
approach  the  Gate  axis,  when  they  become  nearly  perpendicular.  The  Gate  Kidge  anticlinal  is 
there  a  steep  normal  flexure,  its  S.  dips  amounting  to  45°,  and  its  N.  ones  to  85°.  Further  W., 
between  Salem  Hollow  and  East  Norwegian,  and  again  at  Pottsville,  the  North  Branch  of  the 
curve  becomes  inverted,  dipping  indeed  at  even  as  low  an  angle  to  the  S.  as  40° ;  but  this 
inversion  does  not  extend  quite  to  the  synclinal  axis,  as  may  be  seen  by  consulting  our  Section 
of  the  Middle  Norwegian.  Between  Pottsville  and  the  West  Branch  the  inversion  or  folding  at 
the  anticlinal  still  prevails,  as  the  West  Branch  Section  indicates,  but  it  is  probably  at  its 
maximum  near  Pottsville.  On  the  other  hand,  the  synclinal  flexure  is  rather  more  compressed 
or  folded  on  the  West  Branch  of  the  Schuylkill  than  on  the  Norwegian  noi^th  of  the  town. 
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The  uppermost  coals  of  this  Norwegian  basin  are  those  of  the  Salem  group,  or  the  highest 
Red-Ash  group  of  the  Schuylkill  or  Sharp  JMountain  basin.  These  have  not  been  opened  on  Mill 
Creek,  from  the  circumstance  that  they  have  too  little  breast  above  water-level,  and  being, 
moreover,  in  a  shallow  basin,  could  not  repay  the  expense  of  mining  by  machinery,  even  should 
they  prove  thick  enough.  The  pinched  and  folded  condition  of  the  basin  at  the  N,  foot  of  the 
Gate  Eidge,  renders  it  doubtful  if  the  Salem  group  is  present  opposite  East  Norwegian,  or  at 
the  mouth  of  the  middle  valley  of  that  name ;  but  there  can  be  no  doubt  that  the  Sandrock 
group,  or  the  coals  next  lower  in  the  formation,  are  there  embraced  at  the  synclinal  axis.  This 
basin  would  thus  appear  to  contain  a  very  extensive  series  of  the  upper  Eed-Ash  coal-beds — in 
other  words,  all  the  Gate  group,  the  Sandrock  group,  and  the  Salem  group  ;  but  it  would  seem,  as 
already  intimated,  that  it  becomes  somewhat  less  capacious  as  it  ranges  Westward.  It  is  probable 
that  the  synclinal  axis  gradually  rises  in  that  direction,  from  the  introduction  of  one  or  more 
anticlinals  Q  and  Q  Q  of  West  Branch,  and  from  an  increased  amoimt  of  folding  of  its  South- 
bounding  anticlinal  K. 

Basin  K,  or  that  of  the  Schuylkill  at  Pottsville. — This,  the  most  S.  synclinal  trough  of  the 
coal-field,  is  at  the  same  time  the  deepest  and  most  capacious  ;  its  general  structural  features  and 
its  contents  have  been  already  so  fully,  indicated,  that  a  detailed  description  of  it,  beyond  that 
which  is  given  in  the  Sections  and  in  the  notes  of  localities  which  are  to  follow,  is  not  called  for. 
It  may  be  expedient  to  mention,  however,  in  observance  of  the  mode  of  description  of  the  other 
basins,  that  this  trough  contains  the  entire  series  of  Coal-measures  to  be  met  with  in  the  Southern 
coal-field,  its  S.  border  in  the  N.  slope  of  the  Sharp  Mountain  exposing  all  the  lower  or  White-Ash 
coals,  and  its  central  or  synclinal  belt — occupied  in  part  by  the  immediate  valley  of  the  Schuylkill 
— containing  the  very  highest  of  the  Red-Ash  seams.  It  is  not  meant  by  this  that  every  coal-bed 
met  with  in  the  region  has  an  equivalent  seam  in  the  Sharp  Mountain  and  Schuylkill  Valley,  for 
the  coal-beds  of  the  region  are  not  all  of  them  continuous,  some,  even  very  important  and  thick 
ones,  thinning  out  altogether,  while  others  replace  them,  seldom  upon  the  same  horizon.  As  no  one 
locality  or  district  assembles  the  several  coals  of  the  coal-field  at  large,  we  should  not  wonder 
that  the  local  basin  of  Pottsville  embraces,  as  it  appears  to  do,  a  less  number  of  beds  than  a  general 
enumeration,  covering  all  the  districts  of  the  region,  exhibits.  The  Sharp  Mountain  side  of  the 
basin,  from  the  upturned  and  squeezed  condition  of  its  strata,  presents  its  coals  in  so  crushed  and 
faulty  a  condition  as  to  render  the  identification  of  many  of  them  almost  impossible ;  and  their 
unpromising  condition  for  mining  having  prevented  some  of  them  from  being  fully  explored,  we 
are  even  left  in  some  uncertainty  as  to  their  total  number.  The  best  conception  of  the  contents 
of  the  basin,  and  the  conditions  under  which  its  coal-beds  exist,  w^ill  be  got  from  a  careful  study 
of  the  Norwegian  Sections,  and  of  the  shorter  Sections  illustrating  the  Sharp  Mountain.  The 
synclinal  axis,  or  central  line  of  the  trough,  appears  to  be  deepest  between  Pottsville  and  Port 
Carbon,  for  the  Salem  Vein  worked  at  Port  Carbon  seems  to  basin  out  before  going  very  far  E. ; 
and  a  careful  tracing  of  the  strata  has  satisfied  me  that  there  is  a  perceptible  rise  in  the  opposite 
direction,  from  the  mouth  of  Salem  Hollow  to  the  Main  Street  of  Pottsville  at  Silver's  Row.  The 
very  bend  of  the  synclinal  flexure  is  well  exposed  in  a  hill-side  cutting,  just  back  of  the  street,  in 
the  rear  of  the  row  of  houses  mentioned,  and  the  strata  there  displayed  appear  to  be  those  which 
immediately  overlie  the  South  Salem  seam  of  the  Schuylkill,  but  at  a  higher  level ;  the  axis  is  also 
to  be  seen  on  the  road  by  the  river-side  E.  of  Salem  Hollow.    Its  direction  by  compass  to  Silver's 
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Eowis  precisely  S.  72°  W.  It  is  probable  that  tlie  two  coals  in  the  synclinal  axis  at  the  Brewery 
lie  in  the  hill  above  the  street,  and  that  the  double  crushed  coal  S.  of  Silver's  Houses  is  the  South 
Salem  of  Salem  Hollow,  and  the  crushed  coal  a  little  further  S.,  in  the  quarry  by  the  roadside, 
is  the  bed  called  the  Upper  Salem. 

DETAILS  OF  THE  SEVERAL  COLLIERIES  AND  MINING  LOCALITIES  FROM 
MILL  CREEK  TO  WEST  NORWEGIAN. 

SECTION  ON  EAST  NOEWEGIAN. 

The  old  Spohn  mine  was  last  worked  about  twenty-five  years  ago.  The  coal  had  a  very  gentle 
S.  dip  of  about  25°,  and  presented  a  sudden  turn  over  to  a  N.  dip,  which  was  followed  down  a  short 
distance  from  the  outcrop.  The  Spohn  Vein  was  said  to  be  met  with  on  the  E.  side  of  the  valley, 
N.  of  the  ravine,  where  there  is  an  old  shaft,  now  a  well  with  a  ivindlass.  The  coal,  shafted  at 
many  places  just  S.  of  the  ravine,  is  said  to  be  the  Little  Coal  between  the  Lewis  and  Spohn 
Coal.  This  would  be  the  3 -feet  coal  found  on  the  W,  side  of  Mill  Creek,  between  the  Lewis  and 
Spohn  Coals,  near  Haven's  Slope. 

The  Little  Sandrock  Coal  is  obscure  on  East  Norwegian. 

The  Sandrock  Coal  crosses  the  railroad  below  the  solitary  white  house  on  the  E.  side. 

The  (so-called)  Leivis  Coal  of  Belmont,  or  the  coal  next  above  the  true  Lewis  Coal,  occurs 
on  the  road  just  at  the  Spring.    It  is  visible  in  an  old  drift  on  the  W.  side  of  the  railroad. 

The  Leans  Coal  is  visible  in  a  drift  at  the  railroad  ;  the  ventila ting-shaft  is  on  it. 

A  small  2^-feet-thick  coal,  said  to  be  the  Perpendicular  Coal  of  Middle  Norwegian,  is  seen  at 
an  old  drift ;  it  was  cut  in  the  tunnel  in  Milnes  and  Synder's  Colliery  on  Mill  Creek,  N.  of  the 
Lewis  bed. 

The  Spohn  Coal,  or  supposed  Spohn,  is  at  the  turn  of  the  carriage-road  entering  the  hollow 
on  the  E.  side  of  the  railroad. 

The  Palmer  Coal  is  nearer  the  head  of  the  hollow.  Another  coal-bed  is  at  the  head  of  the 
hoUow  near  the  house ;  and  still  another  on  the  flank  of  the  hill  which  falls  to  the  S. 

There  are  two  coals  near  the  white  house — first  N.  of  the  hollow — both  opened  by  drifts. 
The  more  Northern  of  these  is  probably  the  Charles  Pott,  and  the  Southern  the  Palmer  bed. 

Near  the  old  Breaker  there  is  an  old  drift  on  another  small  bed. 

The  ClarJcson  Coal  is  the  next  in  order,  and  over  it  there  is  another  coal  with  no  name ; 
these,  at  Mr  Mason's  old  mine,  are  36  feet  apart.  It  has  been  thought,  from  their  approaching  at 
their  outcrops,  that  they  unite  in  a  folded  acute  anticlinal :  indeed,  there  is  little  doubt  that  this 
is  the  place  of  the  axis  J.  On  the  N.  side  of  an  outcrop  of  hard  sandstone  there  is  a  small  coal 
seen  in  an  old  drift. 

The  Cellar  Coal  crosses  the  road  at  the  first  double  house  at  the  E.  side  of  the  road,  and 
shows  a  fallen  outcrop  at  the  foot  of  the  garden.  This  is  the  Stevenson  Coal  of  Mill  Creek.  The 
next  visible  coal  is  shafted  upon  at  the  old  house  on  the  E.  side  of  the  road,  about  100  feet  S. 
of  the  fork  of  the  road.  This  dips  N.  about  40°,  under  coarse  yellow  sandstone.  A  coal  crosses 
at  the  forks  of  the  road. 
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The  Chenoweth  Coal  is  drifted  into  on  the  W.  side  at  the  S.  end  of  the  Delaware  Company's 
old  dirt-heap.    It  lies  rather  flat. 

The  Big  Traccy  Coal-drift  is  at  the  dirt-heap  first  S.  of  the  Breaker  on  the  W.  side. 

The  Little  Tracey  Coal-drift  is  the  first  N.  of  the  Breaker  on  the  W.  side,  and  appears  again 
on  the  E.  side  at  the  road.  This  Little  Tracey  Coal  dips  under  a  coarse  conglomeritic  sandstone, 
90  feet  N.  of  an  angle  of  the  road,  pitching  50°  N. 

Immediately  N.  of  this  rock  is  the  synclinal  axis,  and  then  occur  S.  dips,  in  which,  in  the  bed  of 
the  ravine,  is  the  Peach  Mountain  Coal.  The  same  rock  is  seen  with  a  S.  dip  of  40°  at  an  angle 
of  the  road  on  a  ridge  of  the  valley  of  Mill  Creek ;  the  Little  Tracey  Coal-drift  is  in  the 
basin  immediately  under  it,  and  its  outcrop  is  on  the  road  100  feet  N.  of  the  turn  of  the  road, 
and  50  feet  N.  of  the  coarse  rock. 

Jo7ies  and  Masons  Slope  Colliery,  at  the  head  of  East  Norwegian,  above  WadesviUe,.  has  two 
slopes,  one  on  the  N.  the  other  on  the  S.  dip  of  a  saddle  in  the  Primrose  Coal. 

The  North-dipping  Slope  is  down  40  yards  ;  its  average  dip  is  25° ;  its  average  thickness  is 
4  feet ;  it  has  two  benches,  of  2  feet  thickness  each  ;  the  top  and  bottom  slates  are  good. 

From  the  bottom  of  the  slope  the  gangway  ran  E.  about  200  yards.  At  a  short  distance 
from  the  slope,  on  the  E.  and  W.  gangways,  other  gangways  run  N. :  their  length  is  not  cer- 
tain. The  Primrose  Coal  is  thus  seen  to  saddle  at  the  top  of  the  N.  slope,  and  to  basin  at  the  foot. 

In  the  South-dipping  Slo2^e,  which  in  1853  was  down  108  yards,  the  dip  is  25°,  and  rather 
irregular.    New  gangways  were  just  starting  E.  and  "W. 

About  500  yards  N.W.  of  the  Primrose  Slopes  there  is  a  slope  on  the  Big  or  Mammoth  Coal, 
down  on  the  S.  dip  155  yards ;  the  dip  is  about  35°.  The  coal  was  about  18  feet  thick,  and  in 
three  benches,  with  one  parting  of  slate  of  3  inches  thick.  From  the  bottom  of  the  slope,  gang- 
ways run  E.  On  the  top  of  the  Big  Coal  lie  7  feet  of  slate,  and  on  the  top  of  this  is  the  Seven- 
feet  Coal,  which  is  worked  on  the  same  slope  with  the  Big  Coal.  At  the  foot  of  its  slope  is 
another  gangway  running  E. 

S.  of  the  Primrose  saddle,  in  the  same  hill,  is  a  basin  of  the  Orchard  Coals  (see  Section)  ;  and 
still  further  S.  these  form  another  saddle.  It  is  said  that,  300  yards  E.  of  the  slope,  the  Prim- 
rose saddle  dies  away — soon,  however,  to  rise  again  in  nearly  the  same  line. 

MIDDLE  NORWEGIAN. 

North  American  Company's  Mines. — At  this  coUiery  the  Lewis  Coal,  one  of  the  more  valuable 
of  the  Eed-Ash  series,  has  long  since  been  wrought  out  above  water-level,  and  is  now  mined  by 
a  slope  and  steam-power.  The  bed  is  between  7  and  8  feet  thick  :  it  dips  30°  S.  18°  E.  About 
800  feet  N.  of  the  Lewis  is  the  so-called  Perpendicular  Coal,  which  is  believed  by  some  to  be 
merely  the  N.  dip  of  the  Lewis  bed,  on  the  opposite  side  of  the  anticlinal  axis  J  ;  indeed,  if  I 
mistake  not,  they  have  been  proved  to  connect  towards  West  Norwegian  by  mining.  It  is, 
however,  but  3  feet  thick  at  Middle  Norwegian,  being  evidently  greatly  pinched  by  the  com- 
pression of  the  strata,  so  usual  on  the  N.  side  of  a  steep  anticlinal  flexure.  Nearly  400  feet  N. 
of  the  outcrop  of  the  Perpendicular  Coal  is  the  outcrop  of  the  Spohn  bed,  which  dips  30°  S. 
This  coal,  believed  by  some  persons  to  be  identical  with  the  Lewis,  through  the  Perpendicular 
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bed  with  which  it  is  said  to  basin  below  water-level,  is  about  7^  feet  thick.  Beneath  the  Spohn 
lies  the  Barclay  Coal,  5  feet  thick  ;  the  Pearson  Coal,  3^  feet  thick  ;  and  the  Clarkson  Coal,  7  feet 
thick,  all  dipping  towards  the  S.  at  30°  or  35°.  To  the  N.  of  the  anticlinal  axis  i,  these  coals 
reappear  in  the  Peach  Mountain  Basin,  but  under  the  different  names  already  mentioned. 

WEST  NORWEGIAN. 

The  Pea-conglomerate  N.  of  the  Diamond  Coal  of  West  Norwegian  is  certainly  like  the 
conglomerate  beneath  the  Big  Diamond  Coal  of  Silver  Creek,  Zachariah's  Eun,  &c.,  and  I  regard 
it  as  the  same  rock.  It  is  seen  in  the  point  of  a  hill  or  spur  N.  of  the  Old  Diamond  Slope 
chimney,  \Yest  Norwegian. 

The  dense  Pea-conglomerate,  visible  at  Mount  Laffy  under  the  Primrose  Coal,  is  to  be  seen 
again  on  West  Branch,  just  N.  of  Morgan  Brace's  Breaker.  There  can  be  no  doubt  that  Morgan's 
Coal  of  West  Branch  is  identical  with  the  Primrose  of  West  Norwegian,  Mill  Creek,  &c.  It 
seems  most  probable  that  the  main  anticlinal  of  Mount  Laffy  is  that  of  the  Oak  Hill  Coal  of 
West  Branch. 

Charles  Millers  Slope  on  Miite  Hill. — Down  on  the  bottom-slate  of  the  Mammoth  or  Big 
Coal,  the  S.  dip  averages  55°.  The  Big  Coal  is  6  feet  thick  ;  immediately  on  the  top  of  this  is  a 
very  hard  rock,  from  3  to  6  feet  thick,  then  a  7-feet  coal,  then  7  feet  thickness  of  slate  and  rock, 
to  a  1 2-feet  coal  called  the  Seven-feet  Coal,  the  same  as  the  Black  Heath  of  Heilner's  Tunnel,  all 
worked  by  a  slope.  (Though  this  is  the  slope  referred  to  in  our  notes  on  East  Norwegian, 
derived  from  Mr  Davis,  in  some  points  the  statements  disagree.) 

Mount  Laffy  Tunnel  enters  N.  into  Mine  Hill  ;  the  length  of  breast  in  the  Big  Coal  is  60 
yards,  the  dip  of  the  beds  is  about  45°,  but  it  becomes  flatter  in  going  N. 

Brown! s  Colliery. — The  Primrose  Coal  has  been  actually  traced  hence  W.  about  1100  yards  ; 
this  would  be  nearly  to  the  swamp.  It  has  been  worked  on  the  upper  level  that  distance,  and 
the  air-holes  may  be  followed  nearly  to  the  swamp.  The  average  thickness  of  the  coal  is  9  feet. 
When  sound,  it  has  eight  benches.  In  its  lower  part  occur  3  feet  of  Red-Ash  Coal,  which,  when 
not  pure  and  sound,  is  all  dirt ;  above  this  there  is  a  15-inch  layer  of  bony  coal,  and  over  this 
are  six  benches  of  Pink- Ash  coal.    The  two,  mixed,  make  a  good  Red- Ash  coal. 

The  N.  and  S.  dips  of  the  Primrose  Coal,  at  the  water-level,  are  about  150  feet  apart,  but 
at  the  road-level,  60  feet  higher,  they  come  together.  The  N.  pitch  at  water-level  is  80°,  the 
S.  pitch  40°.  The  Orchard  coals  overlie  the  Primrose  on  the  axis,  at  an  interval  of  140  to  150 
feet,  and  back  from  the  valley  on  both  sides  are  saddled  over  by  the  conglomerate.  The  axis 
of  the  Primrose  flattens  towards  both  the  E.  and  W.  ;  towards  the  W.  it  disappears  in  about 
400  yards,  but  it  continues  a  greater  distance  Eastward.  It  is  cut  just  at  the  mouth  of  the 
Mount  Lafly  Tunnel.  Below  the  Peach  Orchard  Coal  there  is  a  slaty  floor  of  1 8  inches  thick- 
ness, and  below  this  12  feet  of  hard  blue  sandstone,  and  below  this  again  40  feet  of  slate, 
including  two  courses  of  iron  ore.  Underneath  these  there  is  a  bed  of  massive  ore  locally  18 
inches  thick,  next  slaty  rocks,  hard  and  blue,  30  feet,  and  then  solid  blue  sandstone  12  feet 
thick,  and  finally,  the  slate  above  the  Primrose.  Over  the  Orchard  is  first  fireclay,  then  slate 
with  sulphuret  of  iron,  then  a  little  blue  and  ochreous  slate.    The  distance  between  the  two 
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Orchard  coals  is  45  feet.  The  lower  Orchard  bed  extends,  at  a  pretty  steep  pitch,  to  about  50 
feet  below  water-level.  The  dip  of  the  rocks  in  Brown's  Shaft  is  about  24°  S.  The  N.  dips 
of  the  Orchard  Coal  come  in  N.  of  the  ravine  opposite  the  shaft.  The  North  Diamond 
forms  a  basin,  in  the  centre  of  which  stands  Mr  Brown's  house,  just  at  the  level  of  the  turn. 

The  Big  or  Cockle  Diamond  is  a  somewhat  bony  but  good  coal,  7  feet  thick  ;  it  is 
worked  at  Miller's  Phoenix  Slope,  on  West- West  Branch. 

The  true  Little  Diamond  (if  correctly  identified)  is  worked  under  Spencer's  Breaker,  near 
Minersville,  also  on  Wolf  Creek,  and  on  West  Norwegian,  where  there  are  from  2^  to  3  feet 
of  good  coal  in  it. 

Peach  Mountain  Coal  of  West  Norwegian — (Delaivare  Mines). — The  upper  slope  in  1853 
was  sunk  about  200  yards.  The  coal  had  been  worked  Westward  from  the  Old  Slope  one  mile, 
and  from  the  New  Slope  90  yards  more.  At  the  New  Slope  the  bed  dips  S.  from  it  at  an 
angle  of  45°,  then  more  steeply  ;  and  still  deeper  down  it  flattens  off  to  45°  again. 

The  basin  is  thought  to  descend  gently  Eastward.  At  the  East  Mines,  on  the  contrary,  the 
basin  descends  towards  the  W.,  as  the  dimensions  of  the  trough  opposite  the  two  slopes  there  clearly 
prove.  In  the  one,  the  length  of  slope  to  the  synclinal  turn  or  bottom  of  the  basin  is  only  150 
feet ;  in  the  other,  400  yards  further  W.,  with  a  somewhat  more  gentle  dip,  it  is  300  feet,  the 
North-dipping  branch  of  the  bed  beiug  about  70  feet.  The  distance  between  the  N.  and  S.  out- 
crops of  the  Peach  Mountain  Coal,  1000  yards  W.  at  the  railroad,  is  one-fourth  of  a  mile. 

The  Peach  Mountain  Coal  on  the  S.  side  of  the  basin,  or  the  North-dipping  perpendicular 
outcrop,  has  been  worked  more  than  700  yards  E.  from  the  West  Norwegian  Railroad  by  Mr 
Reed.  It  is  300  yards  from  the  North-dipping  Spohn  to  the  last-dipping  Peach  Mountain. 
There  is  no  coal  of  any  importance  between  them.  At  the  turnpike,  the  Spohn  is  150  yards 
from  the  North-dipping  Peach  Mountain. 

The  coal  at  the  slope  is  the  Dill,  the  upper  bench  of  which  is  from  4  to  6  feet  thick,  whilst 
below  this  is  a  hard  slate,  of  from  6  inches  to  as  many  feet  in  thickness,  and  beneath  this  an 
inferior  coal  from  2  to  3^  feet  thick.  At  the  E.  mines,  these  parting-slates  varied  rapidly  in  the 
same  gangway,  thinning  away  to  nothing,  and  then  again  being  many  feet  in  thickness.  The 
coal  of  the  S.  dip  is  much  better  than  that  of  the  N.  dip.  The  Dill  Coal  is  not  100  feet  N.  of 
the  Peach  Mountain  gentle  S.  dip. 

George  Millers  Works. — A  perpendicular  shaft  is  here  sunk  to  the  Lewis  Coal,  the  85  yards 
descent  giving  a  lift  of  140  yards  to  the  old  water-level  of  the  coal,  and  30  yards  more  to  the 
outcrop,  which  is  on  the  brow  of  the  hill  to  the  Northward.  The  dip  of  the  Lewis  is  from  31°  to 
32°  S.,  and  regular  ;  its  average  thickness  is  6  feet.  From  the  valley  a  tunnel  runs  N.  under  the 
end  of  the  hiU  about  350  yards  to  the  Lewis  Coal.  This  coal  lies  in  three  benches  :  the  bottom 
one  has  2^  feet  of  clear  prime  coal ;  the  middle  a  band  of  slate  from  2  to  9  inches  thick,  and  a 
coal  one  foot  thick  ;  and  the  upper  bench  2^  feet  of  coal,  with  a  parting  of  sheUy  coal. 

The  pillars  were  being  worked  out  in  1853.  The  coal  had  been  worked  both  above  and 
below  water-level  from  this  shaft  600  yards  E.,  and  up  to  the  line  of  the  North  American 
Company.  Above  the  coal  lies  a  bed  of  slate  1 5  feet  thick,  and  then  a  considerable  thickness 
of  soft  grey  and  greenish  sandstone-ore,  weathering  oclireous,  and  passing  at  times  into  argil- 
laceous shaly  sandstone.    From  the  bottom  of  the  shaft  there  descends  a  slope  on  the  coal  100 
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yards  deep.  The  seam  is  cut  off  on  the  E.,  about  200  yards  from  the  bottom  of  the  shaft,  by  a 
rock-fault.  The  gangway  near  this  turns  a  little  towards  the  N.,  about  10  yards  in  100.  The 
plane  of  the  dislocation  runs  a  little  E.  of  N.,  and  dips  towards  the  N.  at  about  85°.  Beyond 
the  W.  limit  of  the  tract  the  coal  is  again  cut  off  by  a  rock-fault.  The  Lewis  Coal,  although 
sought  for,  has  not  been  proved  on  the  W.  side  of  the  West  Norwegian  Valley. 

The  Spohn  Coal,  which  has  been  wrought  a  short  distance  N.  of  the  Lewis  with  like  dip,  is 
also  cut  off  by  the  fault  first  mentioned,  and  has  not  been  traced  to  the  opposite  side  of  the  valley. 

The  following  is  a  detailed  section  of  the  Coal-measures  in  the  Sharp  Mountain,  commencing 
from  the  top  of  the  main  Serai  conglomerate,  the  horizon  of  which  is,  however,  rather  arbitrary. 

SHAEP  MOUNTAIN  COAL-MEASUEES,  POTTSVILLE. 
(See  General  Section,  Plate  II,) 


No. 

Thickness. 
Feet.  In. 

No. 

Thickness. 
Feet.  In. 

1. 

The  first  belt  of  coarse  conglomerate  be- 
neath the  lowest  coal;  pebbles,  chiefly 

9. 

A  bluisli  argillaceous  shale,  but  little 
laminated,  .... 

OO 

a 
D 

quartz,  many  of  them  as  large  as  a  hen's 

10. 

A  bottom-slate  on  sandy  fireclay,  like  No.  9, 

5 

A 

yj 

egg,  ..... 

A 

11. 

Goal  2. — Crushed  and  soft. 

i 

o 

2. 

A  grey  conglomeritic  coarse  sandstone,  . 

Q 

o 

u 

12. 

A  top-slate,  .... 

± 
■* 

A 

u 

3. 

A  coarse  grey  argillaceous  grit,  with  specks 

13. 

Bluish  shale,  approaching  a  fireclay. 

1 Z 

A 

u 

of  coaly  matter  and  impressions  of  coal- 

14. 

Hard  gi'ey  sandstone, 

a 

D 

A 

plants,  ..... 

1 

1 

7 

15. 

Coal  3. — A  coal,  and  its  thm  bottom-shale 

4. 

Grey  siUcious  sandstone. 

D 

o 

crushed  together,  . 

A 

/» 

o 

5. 

Micaceous  and  sHghtly  argillaceous  flaggy 

1 

±  u. 

A  thin  bed  of  roof-slate. 

sandstone,  with  some  conglomerate. 

4 

0 

17 

Blue  argillaceous  shale,  or  under- clay  of 

6. 

Coarse  grit,  irregularly  laminated. 

Q 
O 

U 

coal,  ..... 

c 
0 

Hiatus.    An  absence  of  definite  outcrops 

18. 

Coal  4. — A  coal-bed. 

7 

0 

from  the  foregoing  stratum  to  the  Plum- 

19. 

The  roof-slate  of  Coal  4, 

2 

6 

bago  Coal,  but  the  fragmentary  matters 

20. 

Coarse  micaceous  sandstone,  shghtly  argil- 

indicate coal-shales,  and  probably  a  thiii 

laceous,  .... 

21 

0 

and  soft  bed  of  coal. 

139 

0 

21. 

Hard  grey  gritty  sandstone^  . 

65 

0 

7.  Plumbago  Coal,  1. — This  coal,  as  already 

22. 

Blue  shale,  soft  and  crushed,. 

2 

6 

intimated,  is  much  crushed,  and  therefore 

23. 

Coal  5. — A  soft  crushed,  coal-bed,  contain- 

but Httle  reliance  can  be  placed  upon 

ing  a  little  sound  coal  in  its  middle  layer. 

>7 

i 

0 

any  local  measurement  of  its  size.  A 

24. 

Compact  blue  slate  and  shale. 

56 

0 

lump  of  the  coal  crumbles  under  sUght 

25. 

Coal  shale,  with  impressions  of  Stigmaria, 

2 

0 

pressure  into  thin  glossy  flakes,  having 

26. 

Coal  Q.- — A  coal-bed. 

2 

0 

an  unctuous  feel,  and  a  lustre  resembling 

27. 

Slate,  blue  and  compact. 

10 

0 

that  of  plumbago.    An  argillaceous  bed 

28. 

Shale,  soft,  crushed,  and  shivery. 

10 

0 

S.  of  the  coal — its  original  fireclay  floor 

29. 

Hard  blue  argillaceous  sandstone. 

62 

6 

— is  generally  in  a  crushed  condition. 

30. 

Alternation  of  beds  of  sandstone  and  slate, 

30 

0 

The  shaly  matter  is  mingled  with  finely- 

31. 

Coarse  blue  argillaceous  grit, 

15 

0 

comminuted  coal,  and  resembles  the  sub- 

32. 

Carbonaceous  slate. 

20 

0 

stitute  for  plumbago  called  Blackpot, 

7 

0 

33. 

Bluish  coaly  slate. 

7 

0 

8. 

A  dark  laminated  sandy  top-slate,  with 

34. 

Coal  shale,  .... 

4 

0 

coal  fossUs  ;  it  is  much  fractured, 

19 

6 

35. 

Coal  7.  —  Coal  and  bruised  shale  mingled, 

15 

0 
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Thickness. 

No.                                                                                    Feet.  In. 

No. 

Thiceksss. 
Feet.  In. 

DO.  iJlacK  slate,  .... 

4 

0 

oy.  AiLemaiioii  oi  snaie  anci  sancistone, 

8 

0 

37.  Obliquely  laminated  argillaceous  sandstone, 

4 

0 

60.  Argillac6ous  grey  sandstone, 

4 

6 

38.  Blue  and  grey  argillaceous  grit,  .  . 

1  n 

u 

01.   IjTlcy  odUUbLUIlc,   .  ... 

lb 

A 

39.  Eine-grained  blue  sandstone. 

10 

0 

1.3 

0 

40.  Shale,  soft  and  contorted. 

y 

U 

UO.   \_/Uttloc  tticUdLcUUb  ocHlUolUllc,  . 

OA 

SO 

A 

0 

41.  Coal  8. — A  coal-bed,  crushed  and  soft, 

1 

0 

h4i    (rT'PPTn'in  <2niiP 

U  JT.     VJ^i  CClllolJ.   OllcllCj  .... 

4 

0 

42.  Laminated  dark-blue  roof-slate,  . 

i) 

u 

Ut>.  ijitjcnioii  tirgiiiciccuiio  bduubioncj 

9 

0 

io.  boat  V. — A  coai-bed. 

1 

0 

10 

0 

44.  Fine-grained  argillaceous  sandstone. 

/6 

0 

u/.  ^^oarbc  drgLUdCcOUb  ban cis tone, 

8 

0 

45.  No  distinct  exposure, 

9 

0 

00.    L/OnglUUltJIdXc   dnCl  COdxbc  gll^  vVllU  digll- 

4iO.  Urey  lerrugmous  sandstone, 

0 

0 

IdCcUUS  CcIllcIlL,  • 

1  A 

19 

0 

47.  lilue  coal-shale,  sandy  nreclay. 

8 

0 

UJ/.    wilVc-CUlulllcCl  SldLtJ, 

4 

0 

48.  Coal  10. — A  coal-bed,  not  in  a  sound  con- 

/u. ^odrsc  argiiidCcous  sduubione, 

12 

0 

dition,  .... 

16 

0 

/  1.   X>lUc  bidtc,                 .                  •                 .  . 

1 

0 

49.  Dark  roof-slate,  with  fossil  ferns,  &c.. 

J 

0 

i  j^i.    VXicy  bUdlc  dUU  bldl/C,  • 

z8 

0 

50.  Coarse  blue  argillaceous  sandstone. 

10 

0 

/  0.    vvUdlbC  dl^iiidLcULlb  bdliU.bLUJJ.Cj 

5 

0 

51.  Blue  shale  and  slate, 

2 

0 

/  "T.   J?  lUc-gldiUcU  dlgUldCcUUb  bctllilbtUIlc,  //tUO/l/ 

52.  Micaceous  sandstone. 

14 

0 

/^'yitonuri        IvT'oo'f  cTmnliUQl   ovio  AT*  lino  at 

53.  A  more  argillaceous  micaceous  sandstone, 

30 

0 

Llldll^C  Ui  UJ.p,  lUaL  KIIX^   tilc  U.Cc|JcbL   ^Jdl  L 

54.  Argillaceous,  arenaceous,  and  micaceous 

01  tnti  ondrp  iviuiiULdiii  jjdbiu.    xicic  txic 

sandstones,  .... 

51 

oLldtd  Clidll^t;  iiUIil    LllcU.    bttrclJ  illVclLcU. 

55.  Coarse  grey  sandstone. 

2 

0 

flin  o'P        Tipnr  flip  nvi^  to  a  Ttinrlprjitplv 

56.  Coal  11. — Coal  and  shale  ;  the  thickness 

gentle  Southern  dip  at  the  base  of  the 

of  the  coal-bed  itself  not  ascertained,  both  ?  24 

0 

mountain,  just  behind  Silver's  Houses, 

57.  Shale,  with  Calamites, 

20 

0 

or  opposite  the  E.  and  W.  reach  of  the 

58.  Coarse  grey  sandstone, 

4 

6 

SchuylkUl. 

Where  an  attempt  is  made  to  recognise  the  particular  coals  of  this  Pottsville  group  at  the 
other  natural  transverse  sections  of  the  Sharp  Mountain,  it  is  found  impossible  to  identify  more 
than  a  portion  of  them.  This  arises  from  the  circumstance  that  their  overturned  and  shattered 
condition  has  prevented  their  being  extensively  opened  at  any  of  the  other  localities  between  this 
spot  and  Tamaqua  on  the  one  hand,  and  the  Swatara  Notch  on  the  other,  and  from  the  fact 
that,  even  in  the  vicinity  of  Pottsville,  they  have  not,  from  the  same  cause,  been  followed  far 
enough  along  their  outcrops  by  experimental  shafting,  to  permit  us  to  trace  them  continuously 
to  their  other  exposures. 

An  examination  of  the  Section  above  given  of  the  Coal-measures  of  the  Sharp  Mountain 
discloses  only  eleven  coal-beds  of  all  dimensions,  from  a  thickness  of  from  1  to  1 5  feet.  As  this  is 
just  one-half  the  number  of  the  seams  separately  identified  and  mined  on  Mill  Creek,  distant 
only  from  2  to  4  miles,  we  are  compelled  to  infer,  that  from  the  squeezed  and  faulty  condition 
of  the  strata  in  the  flank  and  at  the  base  of  Sharp  Mountain,  between  Mount  Carbon  and  Potts- 
ville, some  of  the  beds  have  never  been  detected.  It  is  probable,  indeed,  that  a  few  of  them 
are  lost  entirely  at  the  surface  in  the  one  or  more  longitudinal  dislocations,  of  which  there  are 
strong  indications  between  the  synclinal  axis  of  the  basin  and  the  side  of  the  momitain.  That 
this  S.  side  of  the  basin  does  actually  contain  more  than  the  eleven  coals  discovered  at  Potts- 
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ville,  is  implied  by  the  fact  that  the  Randolph  Tunnel  further  E.  in  Sharp  Mountain,  entering 
some  distance  to  the  S.  of  the  synclinal  axis,  cuts  itself  no  less  than  ten  notable  coal-seams.  If 
I  mistake  not,  there  are  at  least  fourteen  beds  recognisable  between  the  base  and  upper  slope  of 
the  mountain  S.  of  Port  Carbon.  In  a  future  chapter,  devoted  to  a  general  comparative  survey 
of  the  coal-beds  of  the  basin,  it  will  appear  that  the  district  of  Mill  Creek  contains  a  greater 
total  number  of  separate  beds  than  any  other. 

COALS  IN  THE  NOETH  SIDE  OF  THE  SHAEP  MOUNTAIN  BASIN. 

Between  the  folded  anticlinal  flexure  of  Gate  Ridge  and  the  synclinal  bend  of  the  Sharp 
Mountain  Basin  at  the  Schuylkill,  the  stratification  is  very  regular  from  Mill  Creek  Valley  to 
that  of  the  Norwegian  at  Pottsville  ;  the  dip  is  uniformly  S.  as  steep  as  45°  near  the  anticlinal 
axis,  but  gradually  subsides  to  35°  and  30°,  as  we  approach  the  middle  of  the  trough.  The 
total  number  of  coal-beds  is  thirteen,  eleven  of  which  have  names  ;  these  in  ascending  order,  or 
Southward  from  the  Gate  axis,  are — 1.  The  Alfred  Lawton  ;  2.  Belfast ;  3.  Selkirk  ;  4.  Black  Mine  ; 
5.  Tunnel;  6.  Rabbit  Hole;  7.  Faust;  8.  North  Salem;  9.  Weasel;  10.  Salem;  11.  South 
Salem.  Their  dips,  distances,  and  thicknesses  are  given  in  the  Sections.    The  accompanying  cut 


t«uW<  Hill  Snmmi/ 


Fig.  171. — Section  of  Salem  Hollow,  looking  E. — 1  inch  =iOO  feet. 


represents  the  state  of  things  along  a  line  of  section  between  the  summit  of  Lawton's  Hill  or 
Gate  Ridge  and  the  Schuylkill  through  the  ravine  called  Salem  Hollow,  a  little  E.  of  Pottsville. 

Plate  II.  of  the  Sections  of  the  Anthracite  Basins  represents  these  coal-beds  as  they  are  seen 
at  Pottsville,  on  the  E.  side  of  the  Norwegian  Valley,  from  the  N.  foot  of  the  Gate  Ridge  to  the 
synclinal  axis ;  and  another  Section  on  the  same  Plate  displays  their  positions  on  the  other  side 
of  Salem  Hollow,  opposite  the  valley  of  the  East  Norwegian.  A  correct  view  of  the  end  of  the 
Gate  Ridge  on  the  E.  side  of  the  valley  at  Pottsville  is  given  in  our  woodcut  (fig.  172).  A 
little  dimple  or  depression  in  the  face  of  the  hill  shows  the  superior  force  of  the  excavating  waters 
upon  the  crushed  strata  immediately  at  the  anticlinal  axis  ;  the  light  dotted  lines  indicate  the 
dips  of  the  coal-beds  on  the  two  sides  of  this  oblique  saddle.    (See  Section  of  Gate  Ridge!) 

At  Pott's  Colliery,  west  of  Pottsville,  the  distance  from  the  Tunnel  Coal  to  the  Rabbit  Hole 
bed  is  60  yards,  from  the  Rabbit  Hole  to  the  Faust  it  is  40  yards,  and  from  the  Faust  to  the 
Salem  it  is  95  yards.  These  horizontal  measurements  disagree  widely  with  those  of  the  corre- 
sponding strata  at  Salem  Hollow.  The  discrepancy  is  due  in  part  to  a  difference  of  inclination, 
but  in  a  yet  greater  degree  to  an  actual  change  in  thickness  of  the  dividing  rocks,  especially  the 
sandstones. 

Salem  Colliery,  Salem  Hollow,  East  of  Pottsville. — This  mine  in  the  Salem  Vein  is  interesting 
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as  being  the  deepest  slope  working  in  the  coal  region,  and  as  belonging,  moreover,  to  the  upper- 
most of  all  the  workable  seams.  In  1853  the  length  of  the  slope  was  1030  feet;  the  average 
angle  of  dip  is  S.  35°.  At  that  time  there  were  five  lifts,  and  at  the  foot  of  the  slope  the  E. 
gangway  was  200  yards  long,  and  the  W.  gangway  150  yards.  The  other  lifts,  or  intervals 
between  gangway  and  gangway,  had  been  mined  E.  to  the  Port-Carbon  Salem  Colliery,  and  W. 
beyond  Pottsville.  This  coal-seam  exhibits  a  thickness  of  from  2  to  3  feet,  but  it  is  variable  : 
the  coal  is  usually  in  one  bench,  and  beneath  it  is  a  seam  of  soft  powdery  coal  (or  dirt)  one  foot 
thick.  The  slope  descends  in  a  direction  S.  20°  E.,  and  the  bottom  of  it  is  vertically  under  the 
river. 


Fig.  172.— End  View  of  Gate  Kidge  (Lawtou's  Hill),  Pottsville,  looking  E. 


CHAPTER  VIIL 

ANTICLINAL  FLEXURES  OF  THE  COAL-FIELD  BETWEEN  WEST  NORWEGIAN 
AND  SWATARA  VALLEYS  TRACED  IN  DETAIL,  WITH  THE  COAL-BEDS 

ALONG  THEIR  AXES. 

AXIS  OF  SWATAEA  FALLS  AND  PRIMROSE  HILL,  OR  ANTICLINAL  M. 

The  most  Northern  clearly-traced  anticlinal  of  the  W.  part  of  the  Pottsville  Coal-field  is  that 
of  the  Swatara  Falls,  where  the  flexure  elevates  the  Lower  Great  Conglomerate  of  oiu:  Coal- 
measures.  Tliere  is  another  axis,  L,  of  Broad  Mountain,  still  further  N.,  but  it  is  too  little  known 
to  merit  a  more  detailed  description  than  that  Avhich  it  has  already  received.  That  of  the  Falls 
is  a  well-marked  axis,  having  steep  N.  and  comparatively  gentle  S.  dips,  and  is  plainly 
marked  in  the  topography  of  the  country  by  the  crest  of  the  ridge  prolonged  from  the  Swatara 
eastward,  as  far  as  the  valley  of  Muddy  Creek. 


COAL  EXPOSED  BY  ANTICLINAL  OF  PEIMROSE  HILL. 
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Traced  through  the  high  crest  alluded  to,  it  gradually  sinks  until  we  descend  into  Muddy 
Creek  Hollow,  where  the  anticlinal  passes  some  hundred  yards  S.  of  Morgan's  Tunnel. 

Still  Eastward  from  this,  an  anticlinal,  either  the  same  one  prolonged  or  another  replacing  it, 
and  nearly  continuous  with  it,  ranges  a  little  S.  of  the  mouth  of  the  York  Tunnel.  This  may 
be  traced  to  West-West  Branch,  where  it  is  seen  as  a  low  and  narrow  arch,  affecting  the  Little 
Diamond  and  adjoining  coals  of  Patton's  Valley  near  Britton's  Store,  from  whence  it  passes 
through  the  N.  part  of  Primrose  Hill,  being  the  Northern  of  the  two  flexures  which  turn  the 
Peach  Mountain  (Kantner)  Coal  in  McDonald's  Colliery,  and  there  indicated  by  the  N.  ventilating- 
stack. 

Traced  Westward,  it  will  be  found  to  cross  the  ravine  of  Middle  Creek  N.  of  the  W. 
head  of  Fisher's  Basin.  Eising  and  separating  the  conglomerate  which  saddles  it  into  two  out- 
crops, it  at  last  lifts  to  the  surface,  high  on  the  S.W.  plateau  of  the  Broad  Mountain,  the  upper 
beds  of  the  Umbral  red  shale. 

Turning  our  attention  to  the  strata  exposed  on  the  back  of  this  great  saddle  at  the  water- 
level  of  the  main  transverse  valleys,  we  find  that  in  the  gorge  of  Middle  Creek  it  lifts  to  the  day 
the  lowest  main  bed  of  Egg-conglomerate,  and  even  some  of  the  inferior  conglomeritic  strata. 

On  Swatara,  the  whole  upper  half  of  the  Serai  conglomerate,  embracing,  both  the  upper  and 
lower  main  Eo;o;-cono;lomerates,  and  a  small  coal  between  them,  rises  above  the  water-level  in 
the  centre  of  the  finely-exposed  arch. 

At  the  valley  of  Muddy  Branch,  the  White- Ash  Coal,  so  called  (Bast's  White- Ash  Vein), 
comes  down  to  the  water-level,  closing  its  two  outcrops  together  to  arch  over  it,  or  lap  across  it. 
Just  E.  of  this  point,  the  Grey  Ash,  or  next  superior  coal,  in  like  manner  sinks  under  the  water- 
level,  and  its  gangways  wind  round  the  axis  from  S.  into  N.  dips. 

Still  further  E.,  at  a  point  a  few  hundred  feet  E.  of  the  York  Tunnel,  it  deflects  or  winds  the 
gangway  of  the  Big  Diamond  Coal  worked  in  from  the  water-level  of  the  West- West  Branch, 
from  its  place  on  the  N.  dip  of  the  basin  S.  of  it,  to  a  position  on  the  N.  dip  of  the  basin  N. 

Dipping  very  gradually  E.  towards  the  West-West  Branch,  the  axis  there  allows  the  Little 
Diamond  and  two  subjacent  coals,  previously  on  its  flanks,  to  fold  or  arch  across  it  at  the  water- 
level  of  the  valley  near  Britton's  Store.  (See  West- West  Branch  Section.)  As  the  more  Northern 
of  the  two  adjacent  saddles  in  the  Kantner  Peach  Mountain  Coal  of  Primrose  Hill,  this  axis  is 
discernible  in  the  windings  it  gives  to  the  gangways  of  that  coal  the  whole  way  as  far  as  the 
valley  of  Wolf  Creek,  where  it  probably  afibcts  the  South-dipping  portion  called  the  Spencer  Vein, 
in  a  low  roll  a  little  S.  of  the  foot  of  Spencer's  Slope.  It  is  visible,  indeed,  in  a  narrow  space  of 
N.  dips  on  the  road  from  Minersville,  leading  along  the  E.  side  of  Wolf  Creek  Valley.  It  seems 
to  expire  altogether  before  reaching  the  valley  of  West  Branch. 

At  the  West- West  Branch  this  anticlinal  axis  lifts  the  Big  Diamond  Coal,  on  the  W.  side  of 
the  valley  above  the  water-level,  but  it  does  not  bring  it  quite  to  that  elevation  on  the  E.  It 
is  there  the  main  anticlinal  of  the  broad  swell  of  Primrose  Hill,  and  where  this  hill  assumes  its 
height  E.  of  the  valley,  it  contains  on  the  back  of  this  saddle,  in  unbroken  concentric  arching,  all 
the  Coal-measures  between  the  Big  Diamond  under  water-level,  and  the  Cockle's  Eed-Ash  or 
Oak-Hill  Coal  of  Wolf  Creek  (the  Peacock  of  Mill  Creek  X)  This  Cockle's  Eed-Ash  Vein,  the 
highest  which  completely  arches  the  axis,  has  been  here  mined  entirely  across  it  in  Britton's 
workings.    The  Little  Diamond,  which  is  two  coals  higher  in  the  series,  does  not  saddle  it  in  the 
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hill,  but  is  parted  into  two  outcrops.  The  Cockle's  Red- Ash  Coal  is  that  of  the  N.  or  New  Slope 
of  the  Phoenix  Mines,  while  the  Little  Diamond  is  the  coal  of  the  S.  or  Old  Slope,  but  between 
the  anticlinal  now  described  and  these  outcrops  of  the  slopes  there  is  interposed  another  axis, 
N,  to  be  traced  presently. 

Advancing  Eastward  from  West- West  Branch,  the  axis  continuously  sinking,  and  the  hill 
still  swelling  in  height,  we  find  that  the  Little  Diamond  Coal  soon  rolls  over  the  arch.  Further 
on,  when  we  ascend  to  the  summit  of  Primrose  Hill,  even  the  Peach  Mountain  or  Kantner  Coal 
unites  its  outcrops,  and  laps  across  and  round  the  axis.  This  is  near  the  little  village  of  Primrose 
HUl.  This  axis  is  the  main  anticlinal,  that  previously  described  being  but  a  roll  on  its  N.  flank. 
They  are  closely  approximated,  and  are  of  nearly  equal  force,  so  that  they  impart  a  double 
undulation  to  the  strata,  the  effect  of  which  upon  the  working  of  the  mines,  in  the  Peach 
Mountain  Vein,  is  to  turn  its  gangways,  at  the  different  successive  levels,  in  a  double  or  arcuated 
winding  course,  sweeping  from  S.E.  into  E.  dips,  and  finally  into  N.  dips.  This  axis  and  its 
companion  form  the  quite  feeble  arch  in  the  rocks  just  S.  of  the  Spencer  outcrop  of  the  Peach 
Mountain  Coal,  visible  on  the  road  on  the  E,  side  of  Wolf  Creek  Valley  ;  beyond  that  point 
neither  of  them  is  discernible. 

AXIS  OF  THE  DEIPPING  ARCH  AND  PHCENIX  MINES,  OR  ANTICLINAL  N. 

In  the  W.  quarter  of  the  coal-field,  the  next  more  Southern  anticlinal  first  indicates  itself  on 
Middle  Creek  of  Swatara,  forming  there  the  S.  boundary  of  the  W.  end  of  Fisher's  Basin.  The 
exact  position  of  this  axis  is  the  bold  and  picturesque  arch  of  the  upper  Egg-conglomerate  at  the 
Dripping  Spring.  Here  the  flexure  is  a  very  gentle  one,  the  N.  dips  of  the  S,  side  of  Fisher's 
Basin  here  not  exceeding  10°.  In  ranging  Eastward  the  anticlinal  develops  itself  into  a  bolder 
flexure,  with  steeper  inclinations  on  its  flanks. 

The  maximum  compression  of  the  wave  appears  to  be  in  the  neighbourhood  of  Muddy 
Branch  at  the  Heckscher  New  Mines,  where  the  N.  dips  amount  to  75°  and  the  S.  to  30°. 
From  this  point  Eastward,  still  slowly  dipping  in  level,  the  saddle  gradually  flattens,  but  the 
N.  dips  connected  with  it  do  not  disappear  ;  or,  in  other  words,  the  axis  does  not  cease  until  we 
reach  the  West  Norwegian. 

Westward  from  Middle  Creek  it  is  not  traceable  in  distinct  N.  dips  for  any  considerable 
distance,  but  its  influence  is  felt  in  spreading  wider  the  flat  or  gently  Southerly  dip  of  the  strata, 
and  in  expanding  the  S.  slope  of  Thick  Mountain,  N.  of  Donaldson,  into  a  broad  elevated 
plateau.  This  flattening  of  the  anticlinal  lifts  and  smooths  out  of  course  the  synclinal  flexure  of 
Fisher's  Basin,  which  soon  ceases  altogether  before  reaching  the  meridian  of  Donaldson,  but  is 
replaced  in  the  same  range  by  moderate  S.  dips  of  from  15°  to  20°,  all  across  the  mountain. 

The  efiect  on  the  Coal-measures  of  this  axis,  tracing  it  progressively  Eastward,  is,  at 
Middle  Creek,  to  place  the  upper  layers  of  the  great  upper  Egg-conglomerate,  supporting  the 
lowest  workable  White-Ash  coals,  the  Ten-feet  Vein,  so  called,  &c.,  at  an  elevation  of  about  100 
feet  above  the  stream  in  the  bottom  of  the  gorge. 

On  Swatara  this  arch  appears  with  maximum  dips  of  about  45°,  separating  Fisher's  from 
M'^Creary's  Basin,  and  it  there  divides  by  several  hundred  feet  the  two  outcrops  of  the  Grey- 
Ash  coal,  the  lowest  vein  which  is  worked.    Between  the  denuded  back  or  top  of  the  arch  and 
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the  \Yater-level  of  the  valley,  only  the  coarse  sandstones  and  Pea-conglomerate  beds,  just  over 
the  main  upper  Egg-conglomerate,  are  exposed  through  a  height  of  some  two  hundred  feet,  but 
the  Egg-conglomerate  itself  does  not  quite  rise  to  the  bed  of  the  valley,  (See  Section  on 
Swatara.) 

At  the  valley  of  Muddy  Branch  the  Heckscher  Red-Ash  Coal  is  parted  at  the  water-level 
into  two  outcrops  several  hundred  feet  asunder,  but  the  Grey- Ash,  or  next  subjacent  coal,  does 
not  reach  the  surface  of  the  valley.  It  is  not  easy  to  trace  this  axis  by  actual  exposures  to  the 
Eastward  of  Muddy  Branch,  for  as  yet  no  North-dipping  strata  have  been  discovered  in  the  line 
of  its  prolongation  until  we  reach  the  AV  est-West  Branch.  It,  however,  corresponds  so  closely  in 
position  with  the  anticlinal  of  the  Phoenix  Mines  on  that  stream,  or  with  the  Peach  Mountain 
and  Kantner  axis,  north  of  Minersville,  that  I  am  disposed  to  look  upon  them  as  one  identical 
line  of  flexure.  This  last-mentioned  E.  division  extends  with  apparent  continuity  from  the  West- 
West  Branch  to  the  West  Norwegian  at  the  Green  Park  Tunnel. 

To  recapitulate  the  chief  facts  known  respecting  this  axis,  it  may  be  briefly  described  as 
that  of  the  Phoenix  Tunnel  and  of  Heckscher's  Red-Ash  Colliery.  At  Minersville  it  lifts  to  the 
water-level  the  Little  Tracey  Coal,  and  it  parts  the  Kantner  and  Peach  Mountain  coals.  At 
the  Phoenix  Tunnel  it  carries  over  it  at  water-level  the  Phoenix  North-Slope  Coal,  or  Cockle 
Red- Ash,  or  Mill-Creek  Peacock  Coal.  On  the  W.  side  of  West- West  Branch  it  has  lifted  above 
water-level  the  Bast  Big  Diamond,  or  Phoenix  North  Coal,  and  Phoenix  South  Coal.  At  Muddy 
Branch  (Otto  Lands)  the  Heckscher  Red- Ash  Coal  is  parted  into  two  high  outcrops  by  it.  On 
the  Swatara  it  lifts  to  water-level  the  sandstones  overlying  the  upper  main  Egg-conglomerate, 
sustaining  in  two  sets  of  outcrops,  high  on  the  flanks  of  the  saddle,  the  three  lower  coals  of 
Fisher's  Basin  and  M^Creary's  S.  dips  :  viz.,  the  Grey  Coal,  the  Ten-feet  Donaldson,  and  Donald- 
son Big  Coals.  At  Middle  Creek  it  elevates  to  100  C?)  feet  above  the  water-level  the  top  beds  of 
the  great  upper  Egg-conglomerate,  saddled  there  by  the  same  coals  above  mentioned.  But  at 
Donaldson  Mines  in  Thick  Mountain  this  anticlinal  is  no  longer  seen,  the  basin  N.  of  it 
having  been  lifted  or  flattened  up,  and  indeed  replaced,  by  gentle  S.  dips,  varying  from  15° 
to  20°  S.  all  across  the  mountain. 

BASIN  MN,  SOUTH  OF  SWATAEA  FALLS  AXIS  — PAET  OF  FISHEE'S  BASIN. 

On  the  Swatara,  and  for  some  distance  Westward,  as  far  at  least  as  Middle  Creek,  this 
basin  still  retains  above  the  upper  Egg-conglomerate  three  several  coals,  the  two  higher  of 
which  are  valuable  beds  for  mining.  The  bottom  or  synclinal  centre  of  this  basin  seems  to  rise 
going  Westward  for  a  certain  distance,  and  then  to  descend  again  towards  Middle  Creek, 
falling  there  to  a  level  only  a  little  higher  than  that  which  it  has  on  the  Swatara.  The  pro- 
bability is,  that  it  is  highest  somewhere  near  the  watershed  between  these  streams. 

Recent  explorations  make  it  almost  certain  that  none  of  these  coals  above  the  upper  great 
Egg-conglomerate  pass  Westward  in  this  basin  beyond  the  ravine  of  Middle  Creek  ;  but  a  lower 
series  of  White- Ash  seams,  five  in  number,  have  been  opened  on  the  S.  side  of  the  Swatara 
Falls  anticlinal,  or  N.  side  of  this  trough,  on  the  flank  of  the  mountain,  at  a  point  considerably 
to  the  Westward.  How  far  these  extend  is  not  yet  known,  but  the  sandstone  measures  of  the 
flat  summit  of  the  Thick  Mountain,  N.  of  Donaldson  Mines,  give  but  little  indication  of  their 
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presence  there.  Of  the  five  coals  here  spoken  of,  the  two  lower  ones  are  each  of  them  but  6 
inches  thick  ;  the  third  appears  to  be  in  the  shafts  on  its  outcrop,  about  7  feet  in  thickness ;  the 
fourth  is  6  feet  thick,  but  contains  very  little  good  coal ;  and  the  fifth,  or  highest,  is  2^  feet 
thick  of  coal,  rather  squeezed  and  soft  ;  there  is  a  conglomerate  rock  both  above  and  below 
this  latter,  but  its  outcrop  is  some  600  feet  N.  of  the  main  upper  conglomerate,  or  "  Big  Rock." 
The  dip  in  all  of  them  is  about  30°  S. 

Middle  Greek. — It  would  appear  that  the  upper  large  White-Ash  coals  lying  above  the  upper 
main  Egg-conglomerate — namely,  the  Donaldson  "Ten-feet"  and  "Big"  Coals,  do  not  extend  W.of  the 
gorge  of  Middle  Creek,  or  of  the  parallel  of  the  Dripping  Spring  "  Big  Rock"  in  the  Fisher's  Basin, 
having  been  there  washed  out  from  this  deeply-excavated  portion  of  it.  But  on  the  E.  side  of 
the  stream  both  of  these  coals,  and  one  other,  have  been  opened,  dipping  gently  both  N.  and  S. 
from  the  anticlinal  axis. 

1.  The  lowest  or  first  of  these  is  the  little  "  Grey  Vein."  This  is  shafted  on  near  the  very 
centre  of  the  trough. 

2.  The  Donaldson  Ten-feet  Coal  is  here  entered  by  a  gangway  near  the  synclinal  axis,  the  dip 
being  19°  N.    At  this  spot  the  coal  is  soft  and  faulty  in  the  gang-way. 

3.  The  Donaldson  "  Big  Vein  "  or  "  Lomason"  Coal  has  likewise  been  shafted  on  and  identified. 
In  this  place  this  coal  is  not  capped  by  the  thin  bed  of  coarse  Egg-conglomerate,  which  is  so  dis- 
tinguishing a  feature  of  it  at  the  Swatara,  and  in  the  Otto  Tunnel  (Morgan's). 

At  this  pass  of  Middle  Creek  through  the  basin,  the  "  Grey  Vein,"  or  the  first  above  the  "  Big 
Rock,"  lies  just,  at  the  level  of  the  stream  ;  the  next,  or  Donaldson  (Ten-feet)  Coal,  about  50  or 
60  feet  above  it,  and  the  upper  or  "  Big  Coal"  80  or  90  feet. 

Swatara  Creek. — At  the  fine  natural  section  through  the  basin  made  by  the  valley  of 
Swatara  Creek,  the  same  three  coals  above  the  upper  Egg-conglomerate  lie  above  the  water- 
level,  as  already  intimated.  The  two  uppermost  of  these,  the  locally  so-called  Grey- Ash  and 
Red-Ash  coals,  or  the  Donaldson  Ten-feet  and  Big  Vein,  are  there  successfully  mined.  The 
lowest  of  the  three,  the  Little  Grey-Ash  Vein,  has  been  shafted  on  and  "  proved,"  but  is  not 
mined.    It  is  4  feet  thick,  and  is  good  coal. 

Though  the  N.  dips  from  the  Dripping  Spring  anticlinal,  or  South-bounding  axis  of  this 
basin,  are,  at  their  steepest,  even  as  much  as  40°,  the  S.  dips  from  the  Swatara  Falls  anticlinal 
are  at  a  much  lower  angle ;  and  this  general  flatness  of  the  measures,  combined  with  the 
quite  high  elevation  of  the  ground  between  the  Swatara  and  Middle  Creek,  causes  the  two  out- 
crops of  even  the  highest  of  these  coals — the  Big  Vein  or  Red- Ash  coal — to  recede  quite  far 
apart.  Where  they  attain  the  watershed  which  separates  these  streams,  they  are  probably  from 
1500  to  1800  feet  asunder. 

On  the  W.  side  of  the  Swatara,  where  the  two  upper  coals  now  spoken  of  were  mined  by  D. 
Brown  &Co.  (1852),  the  main  and  upper  Grey- Ash  bed  (the  Ten-feet  Vein  of  Donaldson)  basins 
about  80  feet  above  the  water-level  of  the  valley,  and  spreads  its  outcrops  in  this  deeply-trenched 
hUl-side,  about  800  feet  apart.  This  bed  does  not  here  saddle  the  axis  S.  of  it,  but,  rising  out  in 
a  N.  dip,  comes  in  again  on  the  S.  flank  of  that  anticlinal,  where  it  is  known  as  M°Creary's  Grey- 
Ash  Vein.  Though  called  at  Donaldson  the  Ten-feet  Coal,  such  is  really  not  its  usual  size,  and  in 
the  locality  now  before  us  its  true  thickness  is  about  5  feet ;  but  the  coal  is  good.  It  yields  on 
combustion  a  grey  ash. 
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Black  Valley  Coal. — The  upper  or  Red-Ash  coal  of  this  locality  (Donaldson  Big  Vein  and 
Forestville,  or  Black  Valley  Coal  of  more  Eastern  sections)  lies  at  the  Swatara,  about  40  feet 
above  the  Grey-Ash  coal,  and  of  course  fills  a  narrower  basin.  Its  average  thickness  here  is 
about  1 0  feet,  and  it  yields  of  good  coal  some  7  feet.  This  coal  affords  a  pinkish  ash,  or  rather  the 
upper  bench  or  layer  is  pinkish,  and  the  lower  Red  Ash.  Neither  of  these  beds  had,  in  1852, 
been  extensively  mined,  their  longest  gangways  being  about  300  yards.  Immediately  over  the 
Red-Ash  bed  there  rests  a  rather  remarkable  roof-rock  in  the  form  of  a  coarse  Egg-conglo- 
merate, composed  of  the  usual  pebbles  of  quartz  and  white  and  grey  sandstone.  It  varies  in 
thickness  from  1 0  to  6  feet,  and  is  overlaid  by  the  ordinary  shale  and  coarse  sandstone.  It  is  an 
admirable  guide  to  this  coal,  and  though  it  does  not  retain  its  distinctive  coarseness  E.  as  far 
as  ForestviUe,  or  W.  to  Middle  Creek,  yet  it  holds  it  as  far  as  the  Muddy  Branch,  and  has  there 
enabled  me,  in  the  Otto  Tunnel  (Morgan's),  to 
recognise  the  coal-bed  N.  of  it  as  the  equiva- 
lent of  this  Red-Ash  seam  of  Swatara,  or  the 
Big  Coal  of  Donaldson.  So  coarse  a  mass  of 
gravel  strewed  over  the  coal,  and  confined  to  so 

local  a  distribution  Eastward  and  Westward,  im-  _  ,  ^ ,    ^,  ^     ,  . 

Fig.  1/3. — Morgan  and  Edward  s  Tunnel,  Otto  Tract,  looking  East. — 

plies  an  unusual  force  and  narrowness  in  the  ^  2uo/«i. 

current  which  swept  it  in  upon  the  surface  of  the  broad  marsh  or  peat-bog  in  which  the  coal-bed 

originated. 

WESTERN  GROUP  OF  THE  SUBORDINATE  ANTICLINALS  OF   THE  CENTRE  OF  THE 
COAL-FIELD,  BETWEEN  WEST  BRANCH  AND  SWATARA. 

Some  of  this  group  of  subordinate  anticlinals  of  the  Peach  Mountain  belt,  the  most  AVestern 
of  this  disturbed  zone,  range  as  far  as  the  Swatara,  between  which  and  the  valley  of  West 
Branch  I  shall  now  proceed  to  define  and  trace  them  in  detail  as  far  as  their  obscurity  will  allow. 
A  few  at  least  of  these  axes  are  probably  not  continuous  throughout  this  length  of  country,  but 
are  disposed  towards  each  other  in  a  slightly  oblique  arrangement — such  that,  if  prolonged  in 
straight  lines,  they  would  pass  each  other,  turning,  in  certain  instances  at  least,  into  one  another 
by  a  transverse  warping  and  change  of  strike  in  the  strata.  Bearing  in  mind  this  feature,  we 
may  regard  these  chains  of  anticlinals,  thus  intimately  linked,  as  truly  continuous  waves  separ- 
ating more  or  less  continuous  basins. 

PEACH  MOUNTAIN  KANTNEE  AXIS,  OR  ANTICLINAL  N. 

The  most  Northern,  and  one  of  the  best  defined,  as  respects  the  district  before  us,  of  this 
belt  of  anticlinals,  is  that  which  I  propose  to  name  the  Peach  Mountain  Kantner  Axis. 

This  anticlinal,  to  which  allusion  has  been  already  made  as  that  forming  the  S.  dips  of  the 
two  Phoenix  Slopes,  though  important  in  its  influence  on  the  strata  in  the  district  between 
Muddy  Branch  and  Minersville,  is,  in  its  Western  extension  between  West- West  Branch  and 
Muddy  Branch,  somewhat  obscure.  It  has  its  maximum  development  between  West- West 
Branch  and  Minersville.  In  the  first  of  these  localities  it  presents  itself  as  a  narrow  and  rather 
sharp  axis,  the  summit  of  which  is  a  short  distance  N.  of  the  Northern  Phoenix  Slope.  It  passes 
through  the  Phoenix  Tunnel,  and  in  this  neighbourhood  lifts  the  coals  into  N.  dips  of  about  50°> 
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and  S.  ones  of  35°.  The  road  from  Phoenix  Mines  over  to  Minersville  follows  very  nearly  parallel 
with  this  anticlinal.  It  passes  through  Minersville,  crossing  the  valley  of  Wolf  Creek  about  500 
feet  S.  of  Heilner's  Colliery  on  the  Kantner  Coal,  and  thence  across  towards  West  Branch  through 
the  spur  or  hill  dividing  these  valleys,  appearing  on  the  road  leading  N.  from  Minersville,  about 
a  quarter  of  a  mile  above  the  main  street  of  the  village,  at  a  depression,  near  which  both  its  N. 
and  S.  dips  are  discernible.  It  crosses  the  flats  of  West  Branch  1000  feet  N.  of  the  slope  colliery 
of  Wagner's  Tunnel,  and  produces  the  S.  dips  of  the  strata  near  the  tunnel's  mouth.  Further 
Eastward  than  this  it  is  difficult  so  precisely  to  define  its  position  ;  but  in  all  probability  it 
is  the  axis  which,  on  West  Norwegian,  lies  S.  of  the  tunnel,  entering  at  the  so-called  Green 
Park  Vein. 

Westward  from  West- West  Branch  it  ranges  to  Muddy  Branch,  and  thence  to  Swatara  at 
M'^Creary's  Mines.  The  most  W.  point  to  which  it  may  be  continuously  traced  from  Minersville 
is  on  the  crown  of  the  ridge  which  contains  the  so-called  South  Mines  of  the  Phoenix  Company, 
where  the  very  place  of  the  axis  is  marked  by  the  air-holes  of  the  South-dipping  vein  of  this 
mine.  It  pursues  nearly  the  crest  of  this  ridge  to  the  head  of  the  ravine  which  opens  S.  into 
Muddy  Branch  at  Weaver's. 

Adverting  now  to  the  lowest  coals  which  lap  over  this  anticlinal  at  the  water-levels  of  the 
valleys  which  intersect  it,  we  find  that  on  the  E.  side  of  the  West-West  Branch  it  just  lifts  above 
the  water-level  the  hio;her  of  the  three  small  coals  which  lie  between  the  Bio;  Diamond  and 
Cockle's  Eed-Ash  seams.  This  last-named  coal,  worked  below  the  water-level  in  the  Phoenix 
New  Slope,  and  above  from  the  Phoenix  Tunnel,  has  been  followed  in  mining  continuously  over 
the  anticlinal  arch  into  its  N.  dips  in  Britton's  Basin.    (See  West- West  Branch  Section.) 

Further  E.,  by  the  dipping  of  the  axis  (?),  and  the  rise  of  the  country  to  the  watershed 
dividing  the  West- West  Branch  from  Wolf  Creek  Valley,  higher  coals  fold  over  the  anticlinal, 
until  near  this  watershed,  on  the  Minersville  Eoad,  the  two  converging  outcrops  of  the  Peach 
Mountain  Coal — that  called  the  Kantner  running  to  Heibier's  Colliery,  and  that  caUed  the  Peach 
Mountain  traceable  and  mined  into  Minersville  at  the  Catholic  chapel — approach  each  other 
towards  its  summit  to  within  about  150  feet  of  each  other.  The  soft  shales  and  argillaceous 
strata  underlying  this  Peach  Mountain  Coal  have  permitted  an  extensive  denudation  on  the 
back  of  this  axis,  from  the  watershed  just  mentioned.  Westward  into  West-AVest  Branch,  and 
Eastward  into  the  valley  of  Wolf  Creek,  the  effect  of  which  is  to  throw  apart  the  two  outcrops 
of  this  upper  coal  further  and  further  in  both  directions. 

MINEESVILLE  CENTEAL  AXIS,  OR  ANTICINAL  O. 

South  of  the  Peach  Mountain  Kantner  Axis,  and  in  nearly  strict  parallelism  with  it,  is  another, 
which  I  have  called  the  Minersville  Central  Axis,  from  its  passing  through  that  town.  This 
cannot,  in  the  present  state  of  the  developments,  be  traced  with  precision  E.  of  the  valley  of 
West  Branch,  though  it  is  very  possible  that  one  of  the  Peach  Mountain  anticlinal  folds  of 
West  Norwegian  may  be  identical  with  it.  Either  as  a  continuous  anticlinal,  or  a  chain  of 
proximately  connected  short  axes,  this  line  of  saddle  is  traceable  nearly  as  far  AV.  as  the  West- 
West  Branch.  For  the  district  of  West  Branch  it  would  seem  to  have  its  greatest  elevation  and 
closest  compression  in  the  vicinity  of  Minersville.     In  its  range  immediately  N.  of  the  Miners- 
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ville  or  Lewis's  Tunnel,  it  brings  just  to  the  water-level  the  coal-bed  next  beneath  the  Peach 
Mountain  Vein  ;  whereas  on  the  AVest-West  Branch  it  lifts  to  the  day  only  the  Peach  Mountain 
Coal  itself,  here  called  the  Fii-e  Vein. 

mNEESVILLE  SOUTH  OR  PEACH  MOUNTAIN  INVERTING  AXIS,  OR  ANTICLINAL  O. 

The  anticlinal  axis  just  Southward  of  the  town  of  Minersville  ranges  across  the  West- West 
Branch,  where  it  arches  the  Peach  Mountain  Vein  above  the  water-level.  The  ground  is 
naturally  so  obscure,  and  has  been  so  imperfectly  mined,  that  there  is  some  doubt  whether  the 
West-West  Branch  axis  is  really  this  one  or  that  previously  described — namely,  the  axis  0  just  N. 
of  the  mouth  of  the  Old  Tunnel.  That  the  Southern  axis  is  a  flexure  with  inversion,  is  shown  by 
the  fact,  that  the  two  interior  or  Southern  coals  of  the  Old  Minersville  Tunnel,  though  dipping 
S.,  are  identical  with  the  two  exterior  ones,  proving  that  a  compressed  synclinal  ranges  through 
the  tunnel.  A  little  further  S.  in  the  measures  we  meet  only  with  uninverted  N.  and  moderate 
S.  dips.    These  last  are  exposed  on  the  Minersville  and  Llewellyn  Eoad. 

The  coals  in  the  Old  Minersville  Tunnel  (Lewis's)  are  the  Peach  Mountain  and  the  vein  next 
overlying  it.  Each  of  these,  by  the  inverted  fold,  is  twice  produced,  so  that  the  tunnel  seems 
to  intersect  four.  In  mining  the  Peach  Mountain  Vein  westward  from  this  tunnel,  Mr  George 
Spencer  found  the  inversion  of  the  S.  side  of  the  synclinal  to  continue  for  nearly  half  a  mile, 
beyond  which  the  coal  became  too  faulty  to  be  followed.  In  the  same  direction  from  the  tunnel, 
the  other  or  uninverted  limb  of  the  Peach  Mountain  Vein  was  found,  after  running  parallel  for 
several  hundred  yards,  to  recede  to  the  Northward,  its  S.  dip,  which  before  was  about  30°, 
growing  flatter  as  the  outcrop  trended  more  and  more  to  the  N.  of  W.  It  is  this  curious 
feature,  chiefly,  which  induces  me  to  hesitate  regarding  the  identity  of  the  anticlinal  N.  of  the 
tunnel,  connected  with  these  S.  dips,  with  the  anticlinal  arching  the  Peach  Mountain  Vein  on 
the  West- West  Branch ;  for  such  a  swing  Northward  of  the  N.  outcrop  of  this  folded  basin  of 
the  tunnel  seems  strongly  to  imply  that  the  axis  on  its  N.  is  sinking  and  expiring  Westward. 

This  Peach  Mountain  short  axis,  or  that  N.  of  the  Minersville  Tunnel,  takes  in  its  course 
Westward  a  position  in  the  S.  slope,  or  high  in  the  ridge,  which  also  embraces  the  basin  of  the 
Phoenix  South  Coal ;  while  the  axis  0  of  the  hoUow  next  S.  of  the  West- West  Branch  south 
outcrop  of  Peach  Mountain  Coal,  in  ranging  Westward,  passes  through  the  valley  of  the  Southern 
part  of  Klauser's  and  Faust's  farms,  at  the  N.  foot  of  the  high  wooded  ridge  which  lies  next  N. 
of  the  turnpike  road. 

All  the  hill  of  the  Kantner  Coal  has  N.  dips  Northward  to  the  white  house  in  the  woods 
(L.  Garner's)  ;  the  same  N.  dips  are  opened  on  the  Wagner  Tract. 

Spencer's  line,  Eastward  of  Wolf  Creek,  extends  900  yards  to  the  Delaware  property.  A 
new  slope  at  Wolf  Creek  will  command  a  fine  field  of  gently  South-dipping  coal  by  the  flattening 
of  axis  0,  even  to  the  N.  dip  of  the  Kantner  Coal. 

This  anticlinal  extends  from  a  point  W.  of  the  West  Norwegian  nearly,  if  not  entirely,  to 
the  Swatara.  It  constitutes  the  South-bounding  flexure  of  the  basin  of  the  Peach  Mountain 
Coal  throughout  this  distance.  Passing  just  S.  of  the  town  of  Minersville,  I  have  given  it  a 
designation  derived  from  this  well-defined  position.    On  the  West- West  Branch  the  place  of 
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the  axis,  or  centre  of  the  arch,  is  in  the  ridge  next  S,  of  the  South  Phoenix  Slope,  and  S.  of  the 
Peach  Mountain  Basin  of  the  N.  side  of  the  same  ridge. 

At  Weaver's,  on  Muddy  Creek,  an  anticlinal,  which  I  am  disposed  to  regard  as  the  same, 
passes  between  the  dwelling-house  and  the  Breaker  of  the  Peach  Mountain  Coal.  It  is  seen  again 
at  the  bend  in  the  road  turning  up  the  main  Muddy  Branch,  and  finally  on  the  East  Branch  of 
Swatara,  where  the  Spohn  Vein,  so  called,  of  Muddy  Branch,  displays  an  anticlinal  just  at  the 
water-level  exposing  its  outcrop  near  the  roadside.  Beyond  this  point  it  has  not  been  as  yet 
detected. 

Declining  thus  progressively  from  Minersville  westward,  this  axis  on  the  West -West 
Branch  lifts  out  only  the  Peach  Mountain  bed ;  but  this  coal  arches  it  at  a  height  of  nearly 
100  feet  above  the  valley,  having  been  there  mined  over  the  anticlinal  from  the  N.  into  the 
S.  dip. 

At  the  ravine  at  Weaver's  the  anticlinal  exposes  above  the  water-level  a  coal  evidently  one 
or  two  stages  higher  than  the  Peach  Mountain  Vein,  which,  immediately  N.  of  this,  is  mined 
downward  in  a  slope  for  70  yards  on  a  S.  dip  of  45°,  proving  certainly  that  coal  to  underlie 
this  small  surface- vein  of  the  saddle. 

It  is  probable,  I  have  said,  that  the  expiring  anticlinal  in  the  so-termed  Spohn  Vein,  on  the 
East  Branch  of  Swatara,  is  a  prolongation  of  this  axis.  This  view  wiU  not  be  contravened  by 
the  interesting  fact,  that  the  Spohn  Vein,  so  called,  of  M'^Donald's  Branch  Dale  CoUiery,  w^orked 
Westward  from  the  S.  dip  of  another  more  S.  axis,  has  been  mined  forward  to  this  anticlinal 
point  on  the  SmaU  Swatara,  even  if  it  should  hereafter  appear,  as  I  think  it  will,  that  the  axis  of 
the  Branch  Dale  Slope  expires  W.  of  Muddy  Branch  before  reaching  the  Swatara  waters.  As  thus 
the  South-dipping  workings  of  the  more  Southern  basin  may  be  permitted  to  take  their  place 
on  the  S.  flank  of  the  main  axis  before  us,  if  this  axis  really  does  extend  itself  even  one  mile 
Westward,  it  may  contribute  in  a  small  degree  to  flatten  the  S.  dips  of  the  wide  South-dipping 
belt  of  strata  in  its  line  of  prolongation  ;  that  is,  in  the  wide  plateau  which  lies  between  the 
foot  of  the  Thick  Mountain  and  the  Big  Lick  Mountain. 

AXIS  OF  WEST-WEST  BRANCH,  OR  ANTICLINAL  P. 

A  fourth  subordinate  anticlinal  crosses  the  valley  of  West-West  Branch  at  a  ravine  which 
has  been  scooped  out  on  the  very  back  of  the  axis,  about  850  feet  S.  of  the  final  or  S.  dip 
of  the  Peach  Mountain  Coal.  It  would  seem  not  to  range  far  Eastward,  certainly  not  to  the 
valley  of  West  Branch,  nor  has  it  been  detected  even  as  far  as  the  MinersviUe  and  Llewellyn 
Road.  Westward  from  West- West  Branch  it  passes  along  the  vaUey  at  the  N.  foot  of  the  high 
wooded  ridge  lying  N.  of  the  Tremont  Road,  taking  its  course  towards  Muddy  Branch  through  a 
range  of  open  fields.  On  the  E.  side  of  the  West-West  Branch  this  anticlinal  exhibits  steep, 
almost  perpendicular,  N.  dips,  while  its  S.  dips  are  about  35°. 

It  is  not  easy  to  decide  at  present  precisely  what  coal  it  lifts  nearest  to  the  water-level  on 
the  West- West  Branch,  but  it  is  very  manifest  that  it  does  not  bring  up  the  Peach  Mountain 
Vein.  If  this  axis  prolongs  itself  as  far  as  the  Muddy  Branch,  its  course  must  take  it  just 
about  to  the  neighbourhood  of  the  sawmill  pond  S.  of  Weaver's,  where  the  evidence  of  an  anticli- 
nal flexure  is  suspected. 
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About  1000  feet  S.  of  the  parallel  of  the  short  axis  P,  just  described,  there  ranges  another, 
distinctly  traceable  between  West  Branch  and  West- West  Branch.  From  the  absence  of  the  axis 
P  on  the  West  Branch,  there  exists  quite  a  wide  belt  of  South-dipping  measures  between  Miners- 
ville  and  the  N.  dips  of  the  axis  P.  This  latter  is  marked  externally,  on  the  E.  side  of  West 
Branch,  by  a  ravine  or  hollow  in  the  hills,  and  on  the  W.  side  by  a  quite  prominent  knob. 
Thence  it  ranges  Westward,  crossing  the  Minersville  and  Llewellyn  Koad,  and  through  the 
Griscom  estate,  where  the  very  axis  itself  has  been  shafted  on.  Thence  it  runs  forward  to  the 
West- West  Branch,  where,  in  the  first  railroad  section  above  the  town  of  Llewellyn,  its  nearly 
exhausted  force  is  shown  in  a  flattish  undulation  of  the  coal-shales  with  a  N.  dip  of  only  10° 
and  a  S.  dip  of  20°.  This  axis  is  evidently  in  greatest  strength  between  the  West  Branch  and 
Griscom's  experimental  slope  upon  it ;  for  throughout  this  part  of  its  range  the  N.  dips  approach 
in  most  places  to  perpendicidar  ones. 

It  is  possible  that  this  anticlinal  prolongs  itself  Westward  of  the  West- West  Branch,  in  which 
case  it  must  pass  through  nearly  the  crest  of  the  high  ridge  N.  of  the  Tremont  Road,  and,  if  it 
appears  on  Muddy  Branch,  must  meet  this  very  near  the  old  Spohn  Mine.  Almost  in  a  line  with 
this  anticlinal  we  have  the  proofs  of  a  flexure — possibly  this  one — more  than  1  mile  to  the  W.  of 
its  exhibition  on  West-West  Branch,  at  Weaver's  old  Spohn  Vein  workings,  on  the  W.  side 
of  Muddy  Branch.  Here  an  anticlinal — which,  however,  seems  to  droop  Eastward,  or  rise  toward 
the  W. — just  lifts  the  Muddy  Branch  Spohn  Vein  to  a  small  height  above  the  water-level,  permit- 
ting both  dips,  which  are  but  50  feet  apart,  to  be  entered  by  one  drift  nearly  under  the  arch. 
This  axis,  after  rising  to  M'^Donald's  Branch  Dale  C^olliery,  where  it  lifts  and  separates  the  same 
Spohn  Vein  into  two  somewhat  remote  outcrops,  soon  again  subsides,  and  apparently  disappears 
altogether,  permitting  the  S.  dip  of  the  Spohn  Vein,  as  once  already  stated,  to  swing  its  outcrop 
Northward,  w^ith  a  gentle  dip  and  a  greatly  elongated  breast,  until  it  takes  its  station  as  the 
South-dipping  vein  of  the  next  anticlinal  north,  or  in  the  line  of  the  general  axis. 

As  there  is  at  present  no  systematic  mining  along  this  anticlinal  belt,  or  N.  of  it,  connecting 
it  with  well-ascertained  ground  N.  of  Minersville,  it  is  impossible  to  decide  what  particular  coals 
they  are  which  saddle  the  axis  on  the  upland  through  the  Griscom  estate,  or  what  beds  it  lifts 
above  the  water-level  in  the  valley  of  West  Branch.  Most  probably,  however,  the  coals  which  it 
imperfectly  develops  are  the  small  seams  above  the  Peach  Mountain  Vein  and  below  the  Spohn. 
How  far  E.  of  the  West  Branch  this  anticlinal  may  extend,  the  obscurely-developed  condition  of 
the  district  does  not  permit  us  now-  to  determine.  Nevertheless,  it  is  so  nearly  in  a  line  with 
the  course  of  the  anticlinal  i,  visible  on  the  W.  side  of  the  West  Norwegian,  N.  of  the  old  Spohn 
workings,  or  next  S.  of  the  Peach  Mountain  Basin,  that  I  strongly  incline  to  regard  it  as  either 
the  prolongation  of  this  undulation,  or  as  one  of  a  chain  of  axes  including  both. 


LLEWELLYN  NOETH  AXIS,  OE  ANTICLINAL  Q  Q. 

Another  anticlinal,  the  sixth  Southward  of  our  present  group,  more  faintly  indicated  than 
the  last,  from  which  it  hes  Southward  about  1200  feet,  crosses  the  West- West  Branch  just  N.  of 
the  village  of  Llewellyn,  and,  ranging  thence  to  the  West  Branch,  is  seen  on  this  valley  in  the 
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flat  arcli  a  little  N.  of  the  7-mile  post  of  the  West  Branch  Railroad.  It  is  evidently  a  feeble 
undulation,  for  its  N.  and  S.  dips  are  both  at  low  angles  as  well  on  the  West  Branch  as  on  the 
West- West  Branch.  This  axis  occurs  in  the  range  of  the  small  Sandrock  Coals  of  the  Norweodan 
district,  but  wliat  particular  beds  it  lifts  to  the  water-level  at  the  only  two  valleys  which  inter- 
sect it,  we  have  not  the  means  of  knowing. 

BRANCH -DALE  LEWIS  VEIN  AXIS,  OR  ANTICLINAL  P  WEST. 

South  of  the  Spohn  axis  of  the  Branchdale  Colliery,  about  700  feet,  occurs  the  outcrop  of 
the  Muddy  Branch  (Weaver's)  Lewis  Vein.  Low  on  the  S.  slope  of  the  ridge,  and  just  in  this 
outcrop,  the  strata  turn  from  a  gentle  S.  to  a  N.  dip,  implying  the  presence  here  of  another 
anticlinal.  This  seems  to  have  no  existence  on  the  Muddy  Branch,  or  Eastward  of  it,  but  from 
the  point  now  spoken  of  AVestward  to  the  W.  side  of  the  main  Swatara,  it  would  appear  to  range 
as  a  continuous  anticlinal.  This  axis  seems  to  rise  towards  the  W.,  for  on  the  E.  side  of  the  E. 
tributary  of  the  Swatara,  a  coal-seam,  pretty  evidently  the  same  Lewis  bed,  is  exposed  above  the 
water-level  in  separate  North  and  South-dipping  branches,  which  there  outcrop  335  feet  asunder, 
each  of  them  perforated  by  a  mine-drift.  Moreover,  the  vein  separates  Westward  of  Branch  Dale 
into  two  outcrops  despite  of  the  rising  of  the  ground.  On  the  W.  side  of  the  Swatara  the  posi- 
tion of  this  anticlinal  is  about  300  feet  S.  of  the  second  railroad  section  N.  of  the  Tremont  Road, 
or  just  over  the  hill  from  Tobias's,  but  what  coal  it  there  lifts  to  the  water-level,  the  poverty  of 
exposures  prevents  our  ascertaining. 

This  subordinate  axis — ^the  next  anticlinal  N.  of  that  of  the  Big  Lick  Mountain — here  exhibits 
N.  dips  as  steep  as  80°  or  8.5° ;  and  as  these  fill  a  belt  of  considerable  width,  we  may  infer  that 
the  flexure  still  retains  some  magnitude,  and  may  range  Westward  even  a  mile  or  two  before  it 
altogether  expires.  In  confirmation  of  this  view,  we  may  observe,  in  the  broad  flat  elevated 
table-land  which  fills  up  the  space  between  the  South-dipping  flank  of  Thick  Mountain  and  the 
summit  of  Big  Lick  Mountain,  the  traces  of  a  ridge  holding  its  position  all  the  way  to  the 
valley  at  Donaldson.  Indeed,  we  can  scarcely  account  for  the  wide  expanse  of  high  level  ground 
in  this  space,  but  by  assuming  a  lifting  of  the  strata  into  a  flat  wide  arch,  or  at  least  a  flatten- 
ing of  the  S.  dips  all  along  the  plateau. 

At  the  Branch  Dale  Colliery  (M'^Donald's)  the  distance  between  the  Lewis  Coal  saddle  and 
the  top  of  the  Spohn  Vein  slope,  in  a  N.  and  S.  course,  is  650  feet,  and  nearly  in  the  middle  of 
this  space  ranges  the  crest  of  the  low  synclinal  ridge  into  which  the  Spohn  Vein  has  its  S.  dip. 

The  thickness  of  this  so-called  Lewis  Vein  here  is  in  all  9  feet,  divided  into  three  benches. 

On  jbhe  E.  tributary  of  the  Swatara  the  North-dipping  part  of  this  seam  has  a  thickness  of 
6  feet. 

LLEWELLYN  MIDDLE  AXIS,  OR  ANTICLINAL  Q. 

Between  700  and  800  feet  S.  of  the  Llewellyn  axis  F  there  occurs  another  still  fainter  and 
more  obscure  anticlinal,  visible  both  at  the  town  of  Llewellyn  and  in  the  West  Branch  VaUey. 
It  is  most  conspicuous  where  it  is  intersected  by  the  latter  near  the  great  bend  of  the  West 
Branch  stream,  a  few  hundred  feet  S.  of  the  railroad  7-mile  post.  Here  it  lifts  above  the  water- 
level  the  same  sandstones  and  other  Coal-measures  which  are  elevated  by  the  anticlinal  N.  of  it,  and 
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it  exhibits,  like  it,  very  gentle  dips  both  N.  and  S,  of  the  axis.  At  Llewellyn,  in  the  cut  on  the 
railroad  near  the  N.  edge  of  the  village,  this  undulation,  if  indeed  this  be  the  same,  is  feebly 
expressed  in  a  short  flexure  of  the  sandy  olive-shales.  (See  this  part  of  the  West- West  Branch 
Section.)  Whether  it  ranges  Eastward  of  the  West  Branch  we  cannot  say,  but  w^e  know  that 
on  the  West  Norwegian,  in  the  belt  of  the  upper  Sandrock  Coals,  where  this  axis  ought  to  range, 
if  prolonged  so  far,  there  are  no  symptoms  of  its  existence. 

I  have  now  exhausted  the  description  of  the  group  of  subordinate  anticlinals  lying  N.  of  the 
parallel  of  the  Big  Lick  anticlinal,  and  S.  of  the  Primrose  Hill  and  Middle  Creek  anticlinal  M,  or 
that  of  Swatara  Falls — so  far,  at  least,  as  respects  the  complicated  district  enclosed  between  the 
valley  of  West  Branch  and  that  of  the  Swatara.  I  proceed  next  to  an  examination  of  the  con- 
tents of  the  troughs  or  basins  included  among  these  axes. 

AXIS  OF  BIG  LICK  MOUNTAIN,  OK  ANTICLINAL  Q. 

A  regular  and  comparatively  long  anticlinal  axis,  its  central  portion  well  marked  in  the 
topography  of  the  country,  ranges  nearly  with  the  crest  of  the  Big  Lick  Mountain  of  Donaldson, 
and  its  prolongations  E.  and  W.  It  divides  a  regular  basin  at  the  S.  base  of  the  Thick  Moun- 
tain from  another  equally  well  defined  trough,  which  it  encloses  between  itself  and  the  Little 
Lick  axis  R  This  Big  Lick  anticlinal  has  not  as  yet  been  definitely  traced  E.  of  the  Swatara 
by  any  mining  operations,  or  by  external  indications,  nor  do  I  think  that  it  extends  very  far 
beyond  it,  for  at  that  stream  it  is  greatly  reduced  in  force,  and  shows  signs  of  soon  subsiding. 
It  crosses  the  Swatara  Valley  at  a  point  a  few  hundred  feet  N.  of  the  Pottsville  and  Tremont 
road,  where  the  very  arch  of  the  anticlinal  may  be  clearly  seen  in  a  cutting  on  the  Swatara 
Railroad,  about  due  E.  of  Tobias's  Tavern.  From  this  point  it  ranges  W.  in  a  very  straight 
course  through  the  ridge  next  N.  of  Tobias's,  to  which  it  imparts  a  more  and  more  definite  form 
and  greater  regularity  of  crest  as  it  advances.  It  then  crosses  Middle  Creek  and  Watering  Run, 
where  the  North  and  South-dipping  strata  of  the  flexure  are  well  exposed  in  several  places  in  the 
cuttings  of  the  Middle  Creek  Branch  of  the  Mine  Hill  Railroad.  Thence  it  ranges  in  the  same 
line  to  where  it  crosses  Good  Spring  Creek  near  Donaldson,  beyond  which,  still  ascending  and 
dilating,  it  finally  merges  itself,  between  2  and  3  miles  W.  of  the  notch  of  Good  Spring  Creek, 
into  the  N.  flank  of  the  Little  Lick  Mountain.  The  ridge  which  contains  it,  here  becomes  a  mere 
shoulder  or  expansion  N.  of  the  Little  Lick  Mountain  by  the  rising  W.  of  the  basin  between 
them.  The  axis,  however,  maintains  its  place  for  several  miles  further  along  the  N.  side  or  brow  of 
the  South-bounding  ridge  of  the  Wiconisco  Basin ;  an  arching  of  the  strata  being  still  conspicuous 
in  a  deep  ravine  on  the  N.  side  of  this  mountain,  nearly  opposite  Klinger's  Gap,  where  a  swell  in 
the  ridge  denotes  its  presence.  In  all  this  distance,  from  the  ravine  of  Watering  Run  next  W. 
of  the  Main  Swatara  Creek,  to  the  Good  Spring  Valley,  if  not  further,  the  anticlinal  has  the  form 
of  a  regular  single  arch,  abruptly  curved  at  its  summit,  with  dips  averaging  45°  on  its  S.  flank, 
and  perpendicular  ones  on  its  N.  At  the  Swatara,  where  the  axis  seems  to  be  preparing  to  die 
away  E.,  the  N.  dips  are  losing  their  high  inclination,  being  scarcely  more  than  70° ;  and  what 
is  more  significant  of  the  exhaustion  of  the  undulation  in  this  direction,  the  belt  of  North- 
dipping  strata  is  here  very  narrow,  not  more  than  some  70  feet  wide  between  the  actual 
saddle  and  the  South-dipping  measures  of  the  basin  N.  of  it.  (See  Swatara  Section.)  It  is 
doubtful  whether  this  flexure  extends  at  all  East  of  the  E.  tributary  of  the  Swatara. 
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From  what  I  have  indicated  of  the  elevation  of  this  axis  Westward,  and  its  progressive  declension 
to  the  Swatara,  and  the  rising  out  of  the  basin  between  it  and  the  Little  Lick  anticlinal,  it  must 
be  apparent  that,  throughout  several  miles  of  its  range  E.  from  Klinger's  Gap,  it  is  saddled  only 
by  the  coals  of  the  White- Ash  series.  No  mining  developments  thus  far  made  give  us  the  means 
of  ascertaining  where  the  Grey- Ash  coals  first  take  their  place  on  the  back  of  the  anticlinal ;  but 
their  W.  limit  over  the  axis  is  probably  2  or  3  miles  W.  of  Donaldson.  From  all  that  can  be 
ascertained  of  the  coals  of  this  anticlinal  near  Donaldson,  it  seems  probable  that  the  upper  Grey- 
Ash  seams  lie  under  the  water-level  at  the  gap  of  Good  Spring  Creek,  at  the  line  of  the  axis,  as 
much  perhaps  as  150  or  200  feet.  The  several  coals  which  flank  it  in  the  Big  Lick  Mountain 
from  this  locality  E.,  therefore,  all  appertain  to  the  great  Eed-Ash  series ;  and  as  these  are 
five  in  number  at  the  gap  near  Donaldson,  and  higher  ones  overlap  the  axis  successively  as 
it  advances  E.,  it  is  plain  that  the  strata  which  it  exposes  on  the  Swatara  belong  to  a  very  high 
position  in  the  Coal-measures.  From  this  fact  we  derive  the  further  inference  that  the  basins  to 
the  N.  and  S.  of  this  anticlinal,  and  especially  the  latter,  contain  an  extensive  set  of  Eed-Ash  coals 
of  the  middle  and  upper  groups  of  the  series. 

AXIS  OF  LITTLE  LICK  MOUNTAIN,  OR  ANTICLINAL  R 

This  prominent  and  interesting  anticlinal,  which,  W.  of  Tremont,  elevates  the  broad  summit 
of  the  Little  Lick  Mountain,  is,  though  of  limited  extension  E.,  the  great  flexure  of  the  W.  end 
of  the  coal-field  ;  for,  by  lifting  to  the  siu'face  the  older  formations  beneath  the  Coal-measures, 
it  separates  the  main  basin  of  Pottsville  into  its  two  branches,  the  Dauphin  and  the  Wiconisco 
basins.  I  have  elsewhere  identified  it  as  the  prolongation  of  the  great  anticlinal  of  the  Half- 
Fall  Mountain  of  the  Juniata,  and  of  the  Path  Valley  of  Franklin  County.  In  the  Little  Lick 
Mountain,  which  is  the  high  swelling  portion  of  this  anticlinal,  rising  and  widening  from  Tremont 
W.  to  the  oval  margin  of  the  deep  red-shale  valley,  or  "  Kettle,"  as  it  is  called,  this  anticlinal  is 
a  complex  one,  embracing,  in  reality,  three  parallel  axes.  The  first  and  chief  of  these  appears 
immediately  at  the  N.  edge  of  the  village  of  Tremont,  on  the  N.  of  the  pointed  spur  descending 
there  to  the  water-level,  and  is  cut  in  Spangler's  Tunnel.  It  ascends  first  along  the  crest  of  the 
main  E.  spur  of  the  mountain,  ar^d  thence  pursuing  its  course  obliquely  W.  in  the  same  straight 
line  along  the  S.  brow  of  the  mountain,  runs  through  the  middle  of  the  high  flats  onward  to  the 
most  concave  part  of  the  great  "  Kettle." 

A  very  few  hundred  feet  to  the  N.  of  this  principal  axis  arises  another,  not  traced  as  yet  E.  of 
Tremont,  but  showing  itself  first  about  half  a  mile  W.  of  Tremont,  on  the  N.  slope  of  the  moun- 
tain, where  its  structure  has  been  developed  in  the  mining  operations  of  Spangler  and  Eckel. 

A  third  and  seemingly  insignificant  flexure  occui's  further  W.  up  the  mountain.  Its  posi- 
tion is  between  the  two  above  described. 

The  main  flexure  of  Tremont  shows  a  dip  of  about  45°  on  its  S.  side,  and  a  perpendicular  one 
on  its  N.  side.  This  steepness  of  the  N.  dip  extends  to  beyond  the  point  where  the  other  promi- 
nent axis  becomes  fully  overlapped,  W.  of  which,  along  the  now  elevated  ridge,  the  basin  between 
the  two  axes  exhibits  N.  dips  of  a  less  degree  of  steepness. 

In  like  manner  the  second  axis  (that  of  Eckel's  Mines)  is  a  sharp  flexure,  with  a  perpendicular 
dip  on  its  N.  side  for  a  considerable  distance  W.  from  its  point  of  origin  on  the  slope  of  the 
mountain. 
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Each  of  these  waves  gradually  dilates  and  flattens  in  advancing  W.  They  ascend  in  that 
direction  at  about  the  same  rate ;  and  the  synclinal  trough  between  them,  marked  nearly  by  the 
crest  of  the  mountain  as  far  as  the  passage  of  Rauscli  Creek,  grows  gradually  shallower,  and 
becomes  at  the  same  time  wider  by  a  slight  divergence  of  the  two  axes. 

How  far  the  main  axis  prolongs  itself  E.  from  Tremont  through  the  coal-field,  it  is  impossible, 
in  the  present  imperfectly-developed  state  of  the  belt  which  should  contain  it,  definitely  to 
determine.  On  the  Swatara,  about  1 000  feet  N.  of  the  main  anticlinal  of  the  Eed  or  Gate  Eidge, 
we  find  indications,  in  the  new  cuttings  of  the  Middle  Creek  Branch  of  the  Mine  Hill  Railroad, 
of  an  anticlinal  flexure  ;  at  least  I  so  regard  the  steep-dipping  rocks  of  the  second  cut  of  the 
railroad,  for  I  am  inclined  to  view  them  as  overturned,  and  as  implying,  therefore,  the  existence 
of  an  axis  with  inversion  not  far  S.  of  them.  If  there  really  exists  an  axis  here,  the  question  is, 
What  is  the  probability  of  its  being  that  of  the  Little  Lick  Mountaiu,  prolonged  thus  far  to  the 
E.  1  It  would  seem  to  be  nearly  in  the  line  of  that  flexure,  though  perhaps  a  little  too  far  N.  Let 
it  be  observed,  that  between  Tremont  and  the  Swatara  we  do  not  find  any  exposures  of  either 
N.  or  S.  dips  in  the  line  where  the  axis  should  pass.  As  regards  the  probability  of  the  identity 
of  this  axis  of  Swatara  Creek  with  the  Tremont  flexure,  I  must  suggest  that  some  considera- 
tions are  adverse  to  it.  First,  the  space  is  a  long  one — as  much  as  3  miles  ;  and  as  the  Little  Lick 
antichnal  is  evidently  declining  rapidly  at  Tremont,  we  may  fairly  infer  that  it  ceases  altogether 
before  reaching  the  Swatara.  Again,  N.  of  the  West-running  reach  of  Middle  Creek  in  the 
ridge  which  the  South-running  course  of  the  stream  intersects,  only  S.  dips  are  to  be  observed  ;  and 
if  the  Little  Lick  axis  were  of  much  magnitude  opposite  to  this  hill,  we  might  almost  certainly 
look  for  N.  dips  at  its  S.  base. 

Of  the  coals  exposed  along  this  anticlinal  axis,  I  would  observe,  that  at  Rausch  Creek  we  find 
the  main  flexure  presenting  a  beautiful  wide  arch  or  saddle,  with  gentle  dips  of  the  upper  Egg- 
conglomerate  and  overlying  strata,  the  conglomerate  rising  even  on  the  E.  side  of  the  stream 
some  60  or  80  feet  above  the  water-level.  Across  this  arch  of  coarse  conglomerate,  the  three 
lower  White -Ash  coals,  which  in  this  quarter  underlie  the  so-called  Big  Vein,  roll  gently  over  in 
succession  as  we  ascend  from  the  valley  E.  along  the  axis  to  the  level  of  the  high  flats  ;  and  a 
little  higher  up  we  discern  the  bench  or  terrace  which  denotes  the  crescent-like  line  of  outcrop  of 
the  Big  Vein  itself,  still  considerably  W.  of  the  flats.  It  is  obvious  that,  W.  of  Rausch  Creek,  this 
anticlinal,  rising  and  spreading,  becomes  more  and  more  denuded  of  the  lower  White- Ash  coals 
which  here  still  arch  it,  until  at  last,  in  the  district  beyond  Kimmel's  Tavern,  at  the  fork  of  the 
turnpike,  only  the  lower  conglomerates,  with  the  very  lowest  coal-beds,  cover,  in  an  almost 
horizontal  position,  the  broad  swelling  summit. 

Descending  from  the  high  flats  E.  along  the  axes  of  the  Little  Lick  Mountain,  the  lower  Red- 
Ash  coal-seams  saddle  in  succession  in  ascending  order  the  double  anticlinal  of  the  mountain. 
Pursuing  the  subsiding  crest  towards  Tremont,  the  middle  Red- Ash  coals  come  in,  one  after  another, 
and  when  we  reach  the  point  of  the  spur  at  the  water-level  at  Tremont,  we  are  evidently  on  coals 
which  are  high  in  the  Red-Ash  series. 

A  more  detailed  account  of  those  exposed  by  mining  and  shafting  in  the  Little  Lick  JMoun- 
tain  wiU  be  presented  in  another  place. 
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AXIS  OF  RED  MOUNTAIN,  OR  GATE  RIDGE  ON  ANTICLINAL  S. 

The  W.  portion  of  the  great  anticlinal  now  before  us,  or  that  included  between  the  West- 
West  Branch  and  its  W.  termination,  opposite  the  Fishing  Creek  Gap  in  Sharp  Mountain,  is 
connected  with  a  great  feature  in  the  topography  of  the  coal-field.  This  well-marked  and  straight 
crest  of  the  ridge  called  Red  Mountain,  subsides  as  a  fold  in  the  South-dipping  strata  of  the  N. 
barrier  of  the  Dauphin  Basin.  The  axis  of  the  flexure  crosses  Lorberry  Creek  at  the  arch  of  the 
Big  Coal,  sometimes  called  the  Eock  Vein,  where  it  lifts  this  large  White-Ash  seam  to  a  position 
a  little  above  an  elevated  water-level.  It  pursues  thence  the  summit  of  the  ridge,  and  appears 
on  Rausch  Creek  as  the  first  main  ridge  N,  of  the  Sharp  Mountain,  the  axis  coinciding  very 
nearly  with  the  knob  on  the  W.  side  of  that  valley.  Here  it  is  cut  to  a  deeper  level  than  at  the 
valley  of  Lorberry  Creek,  and  yet  it  does  not  bring  to  the  water-level  quite  as  high  a  part  of  the 
Coal-measures  ;  for  the  same  Big  White- Ash  Coal,  which  is  above  the  bed  of  that  valley,  lies  under 
the  bed  of  this  at  the  arch  or  axis,  a  depth  probably  of  from  50  to  100  feet.  Between  Rausch 
Creek  and  the  Swatara  at  Tremont,  the  axis  of  the  anticlinal  occupies  rather  the  S.  brow  of  the 
rounded  summit  of  the  Red  Mountain.  The  whole  arch  is  beautifully  exposed  in  the  notch  of 
the  Swatara,  where  no  less  than  ten  coal-beds,  all  of  them  of  the  Red- Ash  series,  flaak  the  axis 
between  the  N.  and  S.  limits  of  the  gap.  (See  Section  of  Red  Mountain,  Plate  III.)  The  flexure 
at  this  exposure,  and  at  Rausch  Creek,  is  more  compressed,  or  displays  much  steeper  dips,  both  N. 
and  S.  ones,  than  on  Lorberry  Creek.  Indeed,  for  the  entire  distance  between  Muddy  Branch 
and  Rausch  Creek,  the  N.  side  of  the  arch  is  almost  perpendicular,  while  the  average  plunge  of 
the  beds  on  the  S.  side  is  about  45°.  At  Lorberry  Creek,  Rausch  Creek,  and  the  Swatara  at 
Tremont,  it  is  a  regular  and  single  anticlinal  flexure  of  the  normal  form  ;  but  between  the  gap 
of  the  last-named  stream  and  that  of  the  East  Branch  of  the  Swatara,  it  loses  this  simplicity  by 
the  introduction  of  one  or  more  subordinate  undulations  which  attend  the  main  axis,  thence  the 
whole  way  Eastward  to  the  vicinity  of  the  West  Norwegian. 

This  change  in  its  structure  the  reader  will  readily  discern,  by  inspecting  those  portions  of 
the  Western  series  of  sections  which  depict  the  Red  Mountain  rocks,  and  comparing  those  W.  of 
the  East  Branch  of  Swatara  with  those  E.  of  it. 

At  the  natural  section  where  this  stream  passes  through  the  anticlinal  ridge,  the  Swatara  Rail- 
road exposes  in  its  cuttings  the  exact  features  of  the  central  parts  of  the  anticlinal,  enabling  us 
to  note  two  closely-connected  flexures,  distant  from  each  other  only  about  350  feet. 

The  more  Northern  of  these  is  a  compressed  or  folded  axis  inverting  the  strata  just  N.  of  it  a 
little  past  the  perpendicular,  and  lifting  those  immediately  S.  of  the  bend  to  a  steepness  almost  as 
great.  Though  it  appears  to  be  a  subordinate  contortion  in  a  synclinal  trough  of  sandstones 
and  shales  lying  between  the  more  regular  axis  S.  of  it,  and  the  succession  of  S.  dips  N.  of  it, 
I  am  disposed  to  regard  it  as  the  compressed  termination  of  the  anticlinal  of  the  Little  Lick 
Mountain,  or  axis  R.  Occurring  in  the  midst  of  synclinal  dips,  it  repeats  at  the  level  of  the  rail- 
road a  bed  of  coal,  and  the  shales  embracing  it,  four  times  within  their  narrow  basin.  (See  Sec- 
tion on  Swatara  Railroad,  near  Middle  Creek  Railroad  Junction,  Plate  III.) 

The  Southern  flexure  adjoining  this  contortion  is  just  at  the  axis  a  flattish  arch  elevating 
somewhat  lower  strata  than  those  involved  in  the  contortion  above  referred  to.  This  is  perhaps  the 
true  axis  S,  or  that  of  the  Red  Mountain.  But  a  question  here  arises,  whether  the  present,  or  any 
other  of  our  longer  anticlinals,  possesses  that  undisturbed  symmetry  and  regularity  which  are 
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implied  in  the  notion  of  the  continuous  prolongation  of  one  simple  axis-line  ?  Certain  it  is  that 
different  anticlinal  belts  differ  in  a  marked  manner  in  the  degree  of  complexity  or  simplicity 
presented  by  them  near  the  summit  of  the  wave,  and  this  of  the  Red  Mountain,  or  Gate  Eidge, 
is  an  instance  of  this  difference  even  in  the  several  portions  of  its  own  long  line.  It  is  simple 
from  its  W.  origin  Eastward  to  beyond  Tremont ;  complex  from  that  meridian  onward  nearly 
to  PottsvUle  ;  simple  again,  with  slight  inversion,  from  the  Norwegian  to  Belmont;  and  again  con- 
torted or  undulated  from  that  quarter  forward  to  where  it  smooths  itself  into  a  flatter  and  more 
s}Tiimetrical  wave  between  the  parallels  of  the  Five-mile  Board  and  Middleport,  preparatory  to 
merging  itself  into  the  Sharp  Mountain. 

N.  of  the  irregular  flexure  in  the  centre  of  the  Red  Mountain  anticlinal  at  the  gap  of  the  East 
Branch  of  Swatara,  there  occur  a  series  of  steeply  South-dipping  strata,  distant  from  the  axis 
rather  more  than  1000  feet.  They  bear  indications  of  being  overturned,  and  the  idea  of  their 
inversion  is  strengthened  by  their  having  the  unusual  dip  of  70°  S.,  and  lying  N.  of  other  beds 
dipping  with  the  normal  amount  of  pitch  of  40°  to  the  same  quarter.  If  these  rocks,  which  are 
exposed  in  a  vacant  cutting  of  the  Middle  Creek  Railroad,  are  really  overturned,  tliere  is 
undoubtedly  one  important  anticlinal  ranging  at  the  N.  base  of  the  Red  Mountain,  at  a  distance  of 
some  700  or  800  feet  N.  of  its  proper  central  axis.  This  implied  anticlinal  r  is  the  one  to  which 
I  have  before  alluded  as  being  nearly  in  the  line  of  prolongation  of  the  main  Little  Lick  axis, 
but  a  reconsideration  of  the  evidence  induces  me  to  regard  it  as  lying  too  far  N.  If  that  axis 
extends  thus  far  towards  the  E. — and  there  are  reasons  for  supposing  it  does  not— its  more 
probable  prolongation  is  the  steep  flexure  R. 

The  next  point  E.  at  which  the  Red  Mountain  axis  is  distinctly  exposed,  is  on  the  lower  Muddy 
Branch  at  Bettinger's  Southern  Mines  on  the  Dundas  Lands.  Here  the  flexure  is  apparently 
single,  but  it  shows  its  usual  degree  of  compression,  for  the  dips  on  the  N.  side  of  the  axis  are 
perpendicular,  and  those  on  the  S.  side  amount  to  40°  S. 

It  is  worthy  of  note,  that  at  the  pass  of  the  Muddy  Branch,  N.  of  this  point  by  several  hun- 
dred feet,  we  recognise  another  anticlinal,  agreeing  in  its  relative  position  to  the  axis  of  the  ridge  very 
nearly  with  the  place  of  the  assumed  axis  r,  on  East  Branch  of  Swatara,  N.  of  the  prolongation 
of  the  Little  Lick  anticlinal.  This  is  near  the  sawmill  on  the  Muddy  Branch  at  Bettinger's 
North  Mine.  That  there  is  an  important  axis  here,  along  the  N.  side  or  slope  of  the  Red  Moun- 
tain or  Gate  Ridge,  is  obvious  from  the  dips  visible  on  the  railroad,  a  regular  S.  pitch  of  30°  up 
to  45°  meeting  abruptly  high  angles  of  80°  and  more,  with  all  the  appearance  of  inversion  in 
the  strata.  We  may  moreover  observe,  S.  of  this  indicated  synclinal  or  basin,  a  long  narrow 
longitudinal  valley  corresponding  in  range  with  the  Little  Lick  line  of  anticlinals  ;  and  this  is,  in 
all  probability,  the  position  of  a  sharp  bold  axis  overturning  the  strata  on  its  N.  side  into  this 
high  dip  of  80°  S. 

On  the  West- West  Branch  below  Llewellyn,  we  again  meet  with  the  main  anticlinal  of 
the  Gate  Ridge  or  Red  Mountain.  It  is  indicated  near  the  Salem  Colliery  in  the  passage  from 
true  S.  dips  into  the  overturned  ones  of  the  so-called  Gate  and  South  Gate  Veins  of  this 
locality. 

South  of  the  main  axis  there  is  a  more  trivial  undulation  affecting  the  outcropping  p)ortion 
of  the  so-called  Salem  Vein,  but  whether  this  is  an  axis  of  any  length,  or  only  a  mere  local  roll, 
the  mining  explorations  of  the  district  do  not  show.  My  impression  is  that  it  has  but  a  limited 
extent.    (See  West- West  Branch  Section  near  Silverton.) 
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About  1300  or  1400  feet  N.  of  the  inverting  or  folded  flexure  of  the  Gate  Veins  there  are 
indications,  in  a  series  of  Sharp  S.  dips  lying  next  S.  of  the  more  gentle  ones  at  the  tovm.  of 
Llewellyn,  of  the  presence  of  another  axis,  also  with  inversion  ;  but  it  must  be  admitted  that  the 
evidence  of  this  fold  is  obscure.  It  will  be  noticed  that  the  place  assigned  to  it  relates  it  to 
that  which  wc  have  seen  existing  N.  of  the  chief  one  both  on  Muddy  Branch  and  on  Swatara. 


CHAPTER  IX. 

COLLIEKIES  BETWEEN  THE  WEST  NOEWEGIAN  AND  THE  SWATARA. 

Having  in  the  preceding  chapter  traced,  with  all  the  precision  at  present  practicable,  the 
course  of  the  numerous  anticlinal  flexures,  great  and  small,  which  range  from  the  AVest  Norwegian 
Valley  to  that  of  the  Swatara,  and  pointed  out  the  principal  coal-seams  which  saddle  them,  I 
shall,  in  order  to  complete  our  view  of  this  part  of  the  coal-field,  offer  here  a  series  of  notes  upon 
some  of  the  more  instructive  coUieries.  These  notes  Avere  taken  in  1853,  and  therefore  are  not 
in  all  their  particulars  applicable  to  the  present  day  ;  yet  as  many  of  the  data  given  in  them  are 
of  a  permanent  nature,  and  of  importance  as  a  key  to  the  position  of  large  stores  of  coal  under 
the  water-levels  of  the  country,  they  are  retained  without  alteration.  If  the  time  yet  to  elapse 
before  the  issuing  of  the  work  permits,  the  existing  condition  of  these  and  many  other  coUieries 
will  be  noted  in  an  Appendix.  As  in  the  preceding  chapters,  the  localities  will  be  treated  in 
regular  order  from  N.  to  S.,  and  along  each  belt  from  E.  to  W. 

MINE  HILL  GAP  COLLIERY  (JOHN  DOHEETY'S). 

Coals — 1st  Bed. — The  Mammoth  seam,  on  the  W.  side,  is  from  12  to  13  feet  thick,  with  9 
feet  of  coal :  it  has  three  genuine  benches  ;  the  lower  has  from  3-g  to  4  feet  of  clear  strong  coal  and 
3  inches  of  slate  ;  the  middle  bench  has  1 8  inches  of  regular  coal,  and  from  3  to  4  feet  of  Bone 
coal  and  slate-parting  ;  and  the  upper  bench  is  2^  feet  thick.  The  dip  is  about  30°.  The  roof 
is  sandstone,  becoming  slate  towards  the  E.  It  is  separated  from  the  next  overlying  coal,  140 
yards  from  the  gap,  by  only  4  feet  of  slate  :  this  interval  augments  on  going  W.  On  the  E. 
side  of  the  creek,  the  two  are  parted  by  a  thin  seam  of  slate. 

The  2d  Coal  is  the  Black  Heath  bed,  4  feet  thick,  with  3  feet  of  coal :  above  this  are  10 
feet  of  slate,  with  two  thiii  coal-seams,  one  12  inches,  the  other  6  inches  thick. 

The  3d  Vein. — The  Black  Valley  Coal  is  10  feet  thick,  and  has  9  feet  of  good  coal.  It  has 
been  mined  above  water-level  from  the  W,  side  of  the  stream  almost  to  Wolf  Creek. 

DUNDAS  COLLIERY,  No.  I.  (ABOUT  400  YARDS  WEST  OF  DOHEETY'S). 

The  Slope  on  the  Black  Valley  Coal  dips  35°  S.  The  average  thickness  of  the  bed  is  9  feet, 
with  two  benches  and  no  parting -slate.  It  has  a  hard  slate  on  the  top  of  the  coal,  and  sometimes 
a  quite  thick  one  ;  at  other  places  there  is  none.  About  28  yards  N.  of  the  slope  is  what  may 
be  the  Black  Heath  Coal,  or  it  and  the  Big  Coal  together  :  the  thickness  is  1 4  feet. 
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A  tunnel  enters  the  hill  S.  of  the  Slope  Coal,  and  cuts  the  Silver  Coal  21  yards  in,  and  at 
the  end  of  the  tunnel  occurs  the  Black  Valley  (Slope  Coal).  This  tunnel  is  1 1 0  yards  long. 
The  gangways  extend  E.  three-quarters  of  a  mile,  and  W.  to  the  gap  about  700  yards. 

MINEESVILLE.— BASIN  0  o. 

Wagners  Tunnel  cuts  a  basin  with  two  coals  on  each  dip.    Spencer  is  now  (1852)  sinking 
a  slope  Southward  on  Coal  No.  2  of  the  tunnel.    The  basin  of  Coals  No.  3  and  4  in  this 
tunnel  is  apparently  the  basin  next  N.  of  the  mouth  of  the  Minersville  Tunnel. 
Nos.  3  and  4  Coals  basin  out  and  rise  to  the  E.  within  700  yards. 

Minersville  (Lewis s)  Tunnel. — Cuts  four  coals  forming  a  folded  synclinal,  the  axis  dipping 
Southward  :  there  is  an  anticlinal  just  at  the  tunnel's  mouth.  The  first  coal  cut  is  8  feet  thick  : 
the  last  measures  from  8  to  9  feet — is  supposed  to  be  the  Peach  Mountain  Coal.  The  middle 
coals,  4  and  3^  feet,  basin  together.  The  tunnel  is  80  yards  long.  The  main  gangway  was 
driven  on  the  Back  Coal.    It  was  driven  280  yards  E.  (?)  and  then  the  strata  became  confused. 

WEST  BEANCH. 

The  anticlinal  F,  West  of  Mount  Laffee  (West  Norwegian),  which  at  West  Branch  arches  the 
Oak  Hill  C'oal  and  its  overlying  coarse  conglomerate,  is  traceable  with  the  similar  flexure  of  the 
Oak  Hill  Colliery  on  Wolf  Creek,  where  the  same  overlying  conglomerate  arches  beautifully  over 
the  coal,  just  above  the  water-level,  on  the  E.  side  of  the  valley.  Here  it  has  gentle  S.  dips  and 
steep  N.  ones.  It  is  traceable  thence  Westward  through  the  hollow  of  the  Western  Branch  of 
Wolf  Creek,  and  into  the  high  table-land  which  connects  the  Primrose  Hill  with  the  flank  of 
Mine  Hill ;  and  finally,  in  the  vicinity  of  Woodside,  it  loses  itself  high  on  the  slope  of  Mine 
Hill,  where  its  vestiges  are  perceived  in  certain  irregularities  and  flattenings  in  the  S.  dips  of 
the  Black  Valley  Coal,  and  the  other  lower  beds  of  that  range. 

There  are  two  coals  close  under  the  coarse  Nut  and  Pea-conglomerate  which  saddles  this 
Northern  axis.  These  are,  in  all  probability,  the  two  Norwegian  Orchard  Coals.  The  higher 
is  within  a  few  yards  of  the  overlying  conglomerate,  and  the  lower  is  in  some  places  5  feet 
beneath  the  upper.  This  lower  coal  is  in  some  places  1 0  feet  thick,  the  upper  5  feet.  By  a  care- 
ful examination  of  the  measures  on  Oak  Hill  and  at  Mount  Lafiee,  the  Oak  Hill  coals  were  decided 
to  be  the  Orchard  beds  of  West  Norwegian.  Between  the  conglomerate  covering  the  Oak  Hill 
or  Orchard  coals  of  West  Branch,  and  the  conglomerate  rock  of  the  Big  Diamond  Coal,  are  three 
small  coals  on  West  Branch.  The  hiohest  of  these  is  the  Bast  Big  Diamond  Coal  of  Wolf 
Creek  :  the  other  two  inferior  ones  are  not  named  here,  but  are  seen  also  on  West  Norwegian, 

Coals  on  the  S.  Side  of  Mine  Hill  Gajy — Basin  C  E  West : — 

a.  There  are  two  bony  coals  over  the  great  conglomerate,  separated  by  a  rib  of  rather  coarse  Nut- 
conglomerate.    Each  coal  is  about  -i  feet  thick. 

(It  has  been  supposed  that  the  Jugular  Coal  underlies  the  Big  conglomeiate,  and  is  under  the  arch  of  Mine 

Hill.) 

b.  The  Skidmore  Coal  is  separated  from  the  upper  bony  coal  by  coarse-gi'ained  dark-grey  sandstone,  and 
Pea-conglomerate.    It  has  not  been  opened  here. 

c.  A  small  coal  lies  about  20  yards  above  the  Skidmore  Coal ;  the  interval  is  composed  of  slate  and  shale. 
The  coal  is  about  3  feet  thick. 
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d.  We  then  have  the  Mine  Hill  Coals,  or  Mount  Laffee  Mammoth  seam,  consisting,  at  Moimt  Laffee,  of  two 
beds,  the  lower  21  feet,  and  the  upper  12  feet  thick,  separated  by  about  30  feet,  but  this  space  is  very  variable. 
At  Western  Mount  Laffee  Colliery  the  separating  mass  of  slate  is  only  2  feet  thick.  The  top  coal  is  here  about 
13  feet  thick,  the  under  one  about  20  feet.   The  upper  bench  is  supposed  to  be  the  Black  Heath  bed. 

The  Diamond  Coal  of  West  Branch  is  identified  with  the  Diamond  Coal  of  Wolf  Creek,  by 
an  overlying  coarse  Nut-congiomerate.  The  Cockle  Coal  has  a  Pea-conglomerate  above  it. 
Most  probably  this  Cockle  bed  is  the  S.  Diamond  of  Silver  and  Mill  creeks.  The  Lower 
Orchard  of  W'est  Branch  has  a  remarkably  black  fissile  slate  over  it.  The  basin  of  the  Oak 
Hill  coal  dies  out  Eastward,  and  the  dips  become  S. 

Fogertys  Colliery,  W.  of  Westivood. — The  slope  is  down  on  the  Blach  Mine  Coal 
about  235  yards  :  the  dip  at  the  top  is  38°  S.  ;  at  the  bottom  it  is  much  steeper  :  the  average 
thickness  of  the  coal  is  7  feet  in  three  benches,  with  little  or  no  partings.  The  coal  is 
good  ;  there  are  three  lifts,  and  gangways  on  each  lift,  which  run  E.  and  AV.,  and  are  nearly 
straight  ;  the  middle  gangway  is  worked  W.  about  830  yards.  The  roof  and  floor  of  the  bed 
are  regular.  From  the  bottom  of  the  first  lift  a  tunnel  is  driving  Southward  to  the  Tunnel 
Coal,  At  the  bottom  of  the  second  lift,  another  tunnel  is  already  driven  from  55  to  60  yards, 
also  to  the  Tunnel  Coal.  From  the  tip  of  the  slope,  the  bearing  to  Pott's  Slope,  on  the  Black 
Mine  Coal,  is  N.  70°  E. 

SECTION  OF  THE  COAL-MEASUEES  IN  SHAEP  MOUNTAIN  AT  THE  WEST  BEANCH  GAP. 

The  strata  being  somewhat  inverted  or  dipping  S.  80°,  the  actually  ascending  order  is 
apparently  a  descending  one,  but  we  shall  commence  as  usual  with  the  originally  lowest  beds. 

l6^  Coal — Twin  Vein. — The  lowest  coal  discovered  in  the  Sharp  Mountain  at  this  gap  is  the 
Double  or  Twin  Seam  ;  also  at  the  base  of  the  series  at  Mount  Carbon  and  elsewhere.  It  consists 
of — coal  2  feet,  slate  9  feet,  and  coal  3  feet. 

Between  the  Twin  Coal  and  the  next  overlying  bed,  there  intervenes  a  body  of  conglomerate 
and  sandstone  about  150  feet  thick. 

2d  Coal — Plumbago  Bed. — The  second  seam  or  Plumbago  bed  at  Pottsville,  measures  at 
the  West  Branch  from  8  to  10  feet,  though,  being  overturned  and  crushed,  it  is  highly  probable 
that  such  are  not  its  true  dimensions. 

Overlying  the  Plumbago  seam  is  a  mass  of  sandstone,  about  1 40  feet  thick. 

3c^  Coal,  or  Barcleugh  Vein. — This  seam  here  measures  about  6  feet,  but  its  true  size  is 
probably  greater.  Between  it  and  the  next  coal  the  strata  are  sandstone  and  slate,  filling  a  space 
of  about  90  feet. 

Uh  Coal,  or  Knickerbocker  Vein. — This  coal,  as  proved  in  a  drift  at  the  West  Branch,  showed 
a  thickness  of  6  feet. 

Overlying  the  Knickerbocker  bed  we  again  meet  with  sandstone  and  slate,  filling  an  interval 
of  about  60  feet  to  the  next  coal-seam. 

5th  Coal,  or  Three-Feet  Vein. — This  bed  measured  at  the  point  at  which  it  was  opened 
by  a  drift,  about  3  feet,  as  its  name  implies. 

From  the  thin  bed  just  mentioned  to  the  next  or  Furnace  Vein,  the  perpendicular  distance 
through  the  strata  is  about  300  feet,  the  measures  consisting  of  sandstone  and  slate. 
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6th  Coal — Furnace  Vein. — This  bed  displayed  a  thickness  at  the  spot  where  it  has  been 
mined,  of  from  4  to  6  feet,  the  coal  being,  in  the  main,  good  and  sound. 

Above  the  furnace-bed  occur  sandstone  and  slate  through  a  thickness  of  120  feet  to  the 
next  coal-seam. 

7th  Coal. — This  is  a  small  bed,  apparently  only  2  feet  thick.  It  is  the  uppermost  of  the 
series  of  coals  clearly  opened  in  the  Sharp  Mountain  at  this  locality. 

The  above  measurements  are  on  the  authority  of  Mr  Bennett.  Our  own  earlier  measure- 
ments, made  when  the  strata  were  less  distinctly  developed,  are  somewhat  different. 


COLLIEEIES— WOLF  CEEEK. 

Slojje  on  the  Bast  Wliite-Ash  Coal  {the  Primrose). — This  slope  was  sunk  120  yards  in 
1853  ;  the  dip  was  not  regular,  being  flatter  at  the  top  than  at  the  bottom.  The  thickness  of  the 
coal  is  irregular,  being  from  6  to  12  feet  in  thickness  in  two  benches.  The  gangways  run  E.  and 
W.  into  faults  in  both  directions.  There  is  very  little  top  slate :  the  Slope  Coal  had  not  been  worked 
for  three  years.  From  the  bottom  of  the  slope  the  strata  were  tunneled  N.  nearly  100  yards. 
At  50  yards  the  tunnel  cut  the  Black  Valley  Coal,  and  at  its  end  it  cut  the  Black  Heath  Coal. 
The  Black  Valley  Coal  has  from  7  to  8  feet  of  coal  and  dirt :  it  was  worked  E.  to  the  line,  and 
Westward  it  ran  into  a  fault. 

The  Black  Heath  Coal  has  4  feet  coal,  with  irregular  dip :  it  has  three  benches,  with  no 
partings  :  the  gangways  run  E.  and  W.  several  hundred  yards.  In  tunneling  40  yards  further 
N,  they  cut  the  Seven-feet  Coal,  which  was  not  good  here;  but  at  Serril's  Mine  further  W.  it 
was  good  on  the  top  lift. 

Bast  and  Pearsons  Slope  on  the  Bast  White-Ash  Coal. — This  slope  was  down  169  yards. 
The  coal  is  8  feet  thick  in  two  benches,  with  no  partings  ;  the  top  and 
bottom  are  regular  :  it  has  three  gangways  ;  one,  at  a  depth  of  85  yards, 
runs  W.  700  yards.  The  slope  does  not  start  on  the  Bast  White- Ash 
coal.  It  runs  85  yards  down  in  a  small  3-feet  bed  S.  of  the  White- 
Ash  coal ;  from  thence  a  tunnel  was  driven  20  yards  N.  to  the  White- 
Ash  bed,  and  there  a  counter-gangway  was  started.  The  slope  then 
continues  through  slates,  and  cuts  the  White-Ash  coal  as  in  the  dia- 
gram. Afe  the  bottom  of  the  slope  the  gangways  run  E.  92  yards,  and 
W.  170  yards,  at  the  end  of  which  there  is  a  tunnel  driven  N.  90  yards. 

SerriVs  Lower  Tunnel. — This  runs  Northward  265  feet  to  a  coal  (the  Black  Valley).  A 
gangway  extended  W.  on  this  nearly  500  yards,  where  the  tunnel  was  driven  Northward  62  feet 
to  the  Black  Heath  coal,  and  still  further  to  the  Skidmore  C?)  coal. 

SerriVs  Upper  Tunnel. — The  accessible  thick  White-Ash  coal-beds  at  the  foot  of  Mine  Hill 
are  entered  by  Serril's  Upper  Tunnel.    They  are 
the  Back  or  Skidmore,  the  Black  Heath,  and  the 
Black  Valley  beds,  and  have  the  dimensions  and 

distances  apart  shown  in  the  accompanying  cut.  pi^.  ^s.-semi-s  Upper  Tunnel,  Woif  c-eek,  looking  e. 

Ilolman  and  Company's  Slope.— The  slope  on  ^  = 

the  Oak  Hill  Coal  is  down  80  yards  to  a  basin,  then  30  yards  on  the  N.  dip  to  a  saddle.  The 


Fig.  174. — Bast  and  Pearson's 
Slope. 
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coal  averages  from  8  to  10  feet  in  thickness,  frequently  even  14  feet.  The  N.  dip  is  thickest;  it 
is  in  two  benches ;  the  top  is  7  feet  thick,  with  bony  coal  between.  On  the  top  of  the  coal  lie 
1 4  inches  of  slate,  then  sandstone,  &c.  From  the  bottom  of  the  slope  the  gangway  runs  E. 
and  W,  Eastward,  the  gangway  turns  its  course  to  the  N.  base  of  the  saddle  of  conglomerate  at 
the  Breaker.  The  distance  of  the  turn  Eastward  from  the  slope  is  150  feet.  It  is  all  worked 
off  by  water-level  drifts. 

Bast  and  Pearsoiis  Slope  on  Red-Ash  Coal. — The  coal-bed  of  this  mine  is  the  so-called  Big 
Diamond,  5\  feet  thick  in  two  benches.  The  top  rock  is  of  slate  and  bony  coal ;  the  bottom  is  of  slate 
and  hard  rock ;  the  dip  is  from  42°  to  45°,  and  regular  ;  the  slope  is  1 50  yards  down  ;  the  gangways 
run  1400  yards  E.  and  1700  W.  They  are  now  (1852)  tuunehng  N.  to  the  two  small  beds  : 
behind  them  they  expect  to  cut  the  3-feet  coal  at  90  yards,  and  the  next  10  yards  further  W. 
The  gangway  ran  into  a  fault  towards  its  end  :  it  has  been  driven  200  yards  on  the  fault. 

Rears  Slope  on  the  Oak  Hill  Grey-Ash  Coal  [Loiver  Orchard  Bed). — This  slope  is  do^vn 
200  yards. 

Jeanes  and  Spencers  Slope  on  the  Peach  Mountain  Coal. — -This  mine  is  down  120  yards, 
with  S.  dip :  in  one  lift  the  dip  is  35°.  The  coal  is  8  feet  thick  in  foui"  benches ;  in  the  first  bench 
it  is  3  feet  thick,  and  in  the  second  and  third  9  inches,  and  in  the  top  bench  it  is  4  feet  thick, 
with  a  little  slate  between  them. 

From  the  bottom  of  the  slope  a  tunnel  was  driven  220  feet  N.  to  the  Piatt  coal,  3^  feet 
thick:  the  gangways  run  E.  and  W. ;  the  W.  gangway  runs  into  a  dirt-fault  at  600  yards.  The 
distance  between  the  Piatt  and  Spencer  coals  at  water-level  is  325  feet.  From  Spencer's  Slope 
to  a  small  coal  S.  is  816  feet.  The  distance  across  the  strike,  between  the  Spencer  and  Little 
Diamond  coals,  is  550  feet. 

From  the  outcrop  of  the  Spencer  Coal  at  water-level  across  the  strike  to  the  Kantner  Coal 
is  1160  feet. 

Little  Diamond  Coed  Slope. — In  this  slope  the  dip  is  from  30°  to  40°  S.  The  coiu-se  of 
the  Little  Diamond  water-level  gangway  is  about  S.  80°  W. 

The  Kantner  Coal  has  been  worked  E.  tlu'ougli  to  West  Branch :  the  coal  there  rolls  over  in 
the  hill  even  to  a  S.  dip. 

Heilners  Kantner  Drift  has  a  very  steep  N.  dip;  it  was  worked  W.  and  round  the  point  of 
a  basin  into  the  S.  dips  of  Spencer's  Slope  coal. 

ANTICLINAL  FLEXUEES  AND  THEIE  COALS  ON  WEST-WEST  BEANCH. 

Griscom's  Axis  and  Mines. — The  anticlinal  flexure  of  Griscoins  Land,  axis  P,  after  passing 
through  the  disturbed  measures  in  the  railroad-cut  N.  of  Llewellyn,  takes  the  hill  or  ridge  which 
lies  next  N.  of  the  turnpike  road,  and  thus  ranges  on  to  Muddy  Branch.  The  same  hill  may 
embrace  the  small  axis  just  N.  of  Llewellyn,  if  indeed  it  extends  so  far  Westward.  It  would  seem 
to  be  very  nearly  in  the  prolongation  of  that  of  the  Big  Lick  Mountain.  I  am  disposed  to  regard 
the  anticlinal  next  N.  of  Llewellyn  as  belonging  rather  to  a  chain  of  lesser  axes  than  to  one  con- 
tinuous one.  Griscom's  axis  seems  to  pass  the  Muddy  Branch  near  the  outcrop  of  the  Lewis 
Coal  (or  possibly  it  is  that  further  North),  and  ranges  thence  Westward  to  the  Swatara,  where  it 
is  the  second  axis  N.  of  the  turnpike.   This  last  named  we  have  traced  for  about  half  a  mile  further 
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Westward  along  the  crest  of  the  hill,  but  we  could  not  discern  any  proof  of  it  on  or  near  the 
Donaldson  Koad  at  the  E.  tributary  of  Middle  Creek,  from  whence  I  infer  that  it  there  expires, 

Griscom's  axis  seems  to  dip  at  the  pump-slope  Westward,  and  brings  together  there  the  North 
and  South-dipping  parts  of  the  coal,  for  it  has  not  been  found  in  shafting  Westward  of  that  point. 
This  axis  crosses  the  Minersville  Road,  about  400  yards  E.  of  Frain's  house,  at  a  ridge  on  the 
road  where  the  two  outcrops  of  the  Slope  Coal  are  from  100  to  150  feet  asunder.  The  North- 
dipping  part  is  vertical  all  the  way,  the  South-dipping  somewhat  flatfish.  The  strike  of  both 
is  regular  from  a  point  100  yards  E.  of  the  pump-slope,  but  at  the  pump-slope  the  North- 
dipping  part  of  the  coal  trends  N.  55°  E.,  and  the  South-dipping  trends  due  E. 

This  axis,  traced  Westward  a  quarter  of  a  mile,  leads  us  to  a  ravine  in  which  is  a  slope  on 
a  South-dipping  vein  nearly  100  yards  to  the  S.  of  the  saddle.  This  new"  slope  has  been 
sunk  in  the  coal  45  yards.  Near  the  outcrop  it  is  6  feet  thick,  then  it  jumps  two  or  three 
times  downwards  and  upwards,  and  at  the  foot  of  the  slope  is  only  4  feet  thick,  soft,  and  not 
workable  ;  dip  due  S.,  and  strike  E.  and  W.  ;  average  dip  from  40°  to  50°.  This  axis  prolongs 
itself  Westward,  and  passes  the  West-West  Branch  near  the  swamp  at  the  Railroad  Bridge.  It 
seems  to  be  the  anticlinal  of  the  hollow  South  of  the  South  Peach  Mountain  outcrop.  A  hard 
coarse  sandstone  rises  in  the  axis  on  the  crown  of  the  ridge,  and  is  seen  on  the  Minersville  Road  : 
thence  it  runs  to  the  N.  of  Weaver's. 

Red  Mountain  Axis. — On  the  West- West  Branch  below  Llewellyn  we  find  this  axis  indi- 
cated in  the  dips  at  the  Salem  Colliery,  worked  in  1852  by  Heilner  &  Co.  Here  we  have 
proofs  of  a  small  anticlinal  and  synclinal  flexure  on  the  S.,  in  the  position  of  the  outcrop  of 
the  Salem  Coal,  and  a  chief  or  principal  fold  in  the  strata  a  few  hundred  yards  to  the  N.  of  this, 
in  a  longitudinal  or  E.  and  W.  ravine  dividing  two  ridges,  in  the  S.  of  which  is  the  Tunnel  Coal, 
and  in  the  N.  the  Gate  Coal.  This  main  axis  seems  to  be  a  folded  one,  for  the  steep  dip  of 
the  Gate  Coal,  which  is  as  much  as  65°  or  70°,  succeeding  immediately  the  gentler  dips  of  the 
Tunnel  Coal  (45°),  implies  strongly  the  presence  of  an  inversion  on  the  N.  side.  It  is  possible 
that  tlie  Little  Lick  axis  prolongs  itself  as  far  as  the  West-West  Branch,  for  at  about  its  usual 
position  N.  of  the  main  anticlinal  we  have  steep  dips  of  G2°,  and  in  the  first  exposures  S.  of 
Llewellyn,  as  if  the  strata  of  this  belt  were  likewise  overturned.  Possibly  they  belong  to  the 
inverted  rocks  which  include  the  Gate  Coal,  but  the  distance  between  them  is  greater  than  is 
generally  occupied  by  the  breadth  of  a  pei-pendicular  or  inverted  set  of  strata  in  this  region  of 
closely-approximated  anticlinals. 

The  Little  Diamond  Coal  (of  Wolf  Creek,  or  Big  Tracey  of  Norwegian)  barely  reaches  the 
water-level  in  the  basin  included  between  the  broad  arch  of  Primrose  Hill  on  the  E.  side  of 
West-West  Branch  and  the  saddle  from  600  to  700  feet  N.  of  it  ;  but  in  the  small  basin  north 
of  this  N.  axis  it  does  not  descend  to  the  level  of  Patten's  Valley.  (See  Section  on  West- West 
Branch.)  The  Red- Ash  Cockle's  Coal  descends  to  below  water-level  in  Patten's  Valley,  and  soon 
rises  again  in  a  flat  basin  ;  then  arches  over  the  small  N.  axis,  and  again  basins  under  the 
little  trough  of  the  Little  Diamond  Coal,  to  reascend  as  Britton's  Coal,  the  equivalent  of  the 
Phoenix  Upper  Slope  Coal,  worked  by  Miller  on  the  next  S.  dip. 

Considering  the  Phoenix  Upper  Slope  Coal,  or  Little  Diamond  of  West- West  Branch,  as  the 
Big  Tracey  Coal,  which  it  unquestionably  is,  the  small  coal  next  beneath  it  is  the  equivalent  of 
the  Yard  Coal  of  Mill  Creek,  and  the  4-feet-thick  seam  under  this  again  is  the  Peacock  Coal  of  the 
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same  district.  By  this  tracing  we  learn  that,  while  the  capping-rock  of  the  Little  Tracey  Coal 
has  in  reaching  West- West  Branch  grown  less  pebbly  and  massive  than  at  Mill  Creek,  the 
subjacent  hard  stratum  which  underlies  the  Big  Tracey  Coal,  and  that  above  the  Peacock 
(Cockle's  Red  Ash),  have  both  of  them  become  considerably  coarser  and  more  conglomeritic. 
The  uppermost  of  these,  in  its  higher  layers,  is  in  fact  a  true  Pea  and  Nut-conglomerate.  It  is 
readily  recognised  by  the  well-smoothed  and  ovoid  form  of  its  pebbles,  and  the  sparse  manner  in 
which  those  are  disposed  through  the  sandstone  material  of  the  rock,  making  it  a  true  plum- 
pudding  stone. 

In  the  very  centre  of  the  wide  gentle  arch  of  the  Primrose  anticHnal,  on  the  E.  side  of  West- 
West  Branch  Valley,  we  find,  at  20  or  30  feet  above  the  bed  of  the  valley,  the  well-marked 
conglomerate  which  caps  the  so-called  Big  Diamond  of  Wolf  Creek.  The  coal  lifted  above 
water-level  on  the  W.  side  of  West- West  Branch  Valley,  and  there  mined  in  Miller's  North  and 
South  Mines,  is  here  on  the  S.  side  scarcely  elevated  above  the  flats  of  the  valley,  showing  quite 
a  marked  subsidence  Eastward  of  the  whole  saddle. 

MILLEE  AND  STAHL'S  PHCENIX  COLLIEEY. 

The  drift  is  on  the  North  Vein,  and  the  dip  N.  is  steep  at  the  entrance  of  the  drift,  but 
as  the  gangway  extends  W.  the  dip  becomes  much  less.  It  was  driven  W.  about  one  mile. 
This  N.  bed  is  in  the  round-backed  hill  directly  S.  of  the  first  anticlinal  S.  of  Forest^dUe, 
or  axis  M.  The  North  Vein  is  7  feet  thick,  with  a  2-feet  coal  2  or  3  yards  above  it.  S.  of 
this  hill  is  a  valley,  and  in  the  hill  next  S.  is  worked  what  is  called  the  South  Vein,  which 
here  basins,  so  that  the  gangway  runs  for  a  part  of  the  way  just  along  the  bottom  of  the  trough. 
This  coal  is  regarded  by  some  persons  as  the  same  with  the  North  Veiu.  It,  like  the  latter,  is 
about  7  feet  thick,  with  a  2-feet  vein  a  short  distance  above  it. 

A  few  hundred  feet  S.  of  the  Company's  Store  is  an  old  drift  on  what  is  called  the  Peach 
Mountain  Coal.  This  is  merely  the  continuation  of  the  Peach  Mountain  Basin  prolonged  from 
Minersville. 

The  anticlinal  axis  occupies  the  hollow  between  the  round-backed  hill,  and  the  next  one  on 
its  S.  On  the  opposite  or  E.  side  of  the  valley,  the  axis  just  mentioned  seems  to  be  much 
feebler,  serving  only  to  give  a  gentle  undulation  ;  but  this  requires  careful  examination.  There 
is  here  apparently  a  long  low  flat  arch  of  conglomeritic  sandstone. 

As  we  proceed  Northward,  approaching  Britton's  Colliery,  we  have  S.  dips,  and  farther  stiU  a 
decided  anticlinal.  This  is  admirably  exposed  at  a  higher  level  on  the  hill-side  along  the  rail- 
road leading  to  Britton's  Drift.  Here  we  have  somewhat  massive  and  flaggy  sandstone,  with 
conglomerate  displaying  a  gentle  S.  dip,  becoming  then  flat,  and  afterwards  turning  into  a 
somewhat  steep  N.  dip  of  say  45"*.  The  direction  of  this  anticlinal  would  carry  it  along  the  N. 
base  of  the  round-backed  hill  above  referred  to,  which  is  well  marked  on  the  ]\Iap.  The  coal 
worked  by  Britton  lies  above  this  sandstone,  and  is  said  to  be  the  same  as  the  North  Vein  on 
the  other  side  of  the  creek.  It  is  undoubtedly  inferior  to  the  Peach  Mountain.  Mr  Benyman 
says  he  worked  up  the  North  Vein  over  the  saddle  into  the  South  Vein  ;  the  three  dips  are  there- 
fore certain. 
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The  hill  or  ridge  S.  of  the  Pottsville  and  Tremont  Eoad,  and  S.E.  of  Llewellyn,  contains 
three  coals.  The  lower  coal,  with  dip  60°  S.,  is  6  feet  thick,  slaty,  and  is  the  same  which  shows 
soft  coal  and  dirt  12  feet  thick  W.  of  West- West  Branch  :  the  second  is  a  thin  coal,  3  feet 
thick  :  the  third  is  a  large  bed  of  coal,  8  feet  thick,  soft  and  shelly  ;  it  dips  from  20°  to  25°  S. 
and  its  outcrop  is  a  short  distance  N.  of  the  Northern  brow  of  the  ridge.  This  ridge  extends 
across  West- West  Branch  to  that  of  Klaiiser's  fields. 

The  main  Gate  Eidge  is  fiir  to  the  S.  of  it.  It  appears  to  be  a  monoclinal  ridge  ;  its  crest 
is  formed  of  a  coarse  sandstone,  dipping  rather  steeply  S.  It  coalesces  Eastward  with  the 
ridge  next  S.  of  it  on  the  N.  and  S.  trend  of  the  turnpike ;  they  also  unite  W.  of  the  Muddy 
Branch  in  a  high  ridge.  The  true  Red  Mountain  or  Gate  Eidge  is  still  S.  of  this  high  one,  and 
is  split  by  a  longitudinal  hoUow  Westward  of  Heilner's  Salem  mines,  caused  by  the  denudation 
on  the  anticlinal. 

SALEM  COLLIERY,  BELOW  LLEWELLYN. 
The  veins  worked  in  1853  were  only — 

The  Salem  Vein,  which  had  a  slope  on  it,  150  yards  down,  on  dip  45°. 

The  gangways  were  driven  E.  250  yards,  and  W.  1400  yards.  The  only  vein  worked  had 
3^  feet  of  coal ;  the  benches  here  are  not  regular.  The  top  is  generally  3^  feet  thick  ;  there  is  often 
a  bottom  bench  of  1  foot  in  depth,  underlaid  by  a  sandstone,  as  at  Port  Carbon.  They  expect 
to  take  20,000  tons  this  year  from  the  Salem  bed. 

The  Faust  Coal  had  not  been  worked  ;  it  was  found  not  to  be  good  in  the  drift.  The  Salem 
Coal  had  been  shafted  extensively  on  the  Swatara,  but  is  faulty.  A  tunnel  running  Northward 
70  yards  from  the  Salem  bed  was  intended  to  cut  the  Faust  Coal  ;  the  vein  there  was  about  4  feet 
thick,  but  very  faulty. 

The  Faust  Coal  had  not  been  opened  at  Swatara.  It  has  a  N.  dip  of  55°,  and  seems  to  be 
the  Salem  ;  it  does  not  crop  out  on  the  mountain.    There  are  36  yards  of  cap  rock. 

The  Rabbit  Hole  Coal  has  here  3  feet  of  coal ;  it  had  not  been  worked  here,  or  anywhere  to 
the  Westward.  This  is  certainly  the  Salem,  on  its  final  rise  to  the  outcrop  which  is  shafted  on 
the  hiU. 

The  Tunnel  Coal  is  here  about  6  feet  thick ;  the  bottom  layer  1  foot  of  soft  mining,  and  a 
5-feet  top  bed  of  good  coal.  It  has  been  worked  1400  yards  Westward,  and  not  here  to  the 
Eastward,  as  it  has  been  at  CrescentviUe  ;  it  is  generally  in  good  condition  on  West-West 
Branch. 

The  Black  Mine  Coal  has  here  a  thickness  of  about  5  feet  of  coal ;  its  benches  are  very 
much  the  same  as  those  of  the  Tunnel  Vein.  It  had  not  been  worked  hence  Westward ;  but 
twelve  or  thirteen  years  ago  it  was  mined  some  500  yards  Eastward  by  Samuel  Heilner.  The 
gangway  ended  in  a  rock-fault. 

The  Selkirk  or  Laivton  Coal  was  not  mined  here  at  aU  :  it  was  shafted  on,  and  proved  too 
poor  to  work. 

The  Gate  Coal  was  here  mined  to  the  Westward  500  yards  to  the  line  of  this  Estate,  and  driven 
Eastward  from  Little  Muddy  Branch.  Another  seam  was  worked  from  500  to  600  yards,  to  meet 
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the  line.  It  lias  therefore  been  worked  above  water-level  through  to  Little  Muddy  Branch.  It  has 
4-g  feet  of  coal,  all  in  one  bench  ;  has  3-g-feet  clod  on  the  top  of  it.  Tliis  upper  layer,  or  "  clod," 
is  a  soft  slate  at  Muddy  Branch.  The  dip  here  at  West-West  Branch  is  65°,  but  becomes  40^ 
one  mile  to  the  W. ;  and  the  clod  is  there  gone,  so  that,  the  roof  being  good,  the  coal  is  easily 
worked.  This  clod  is  a  rotten  slippery  slate,  and  will  sometimes  run  like  sand,  making  the 
coal  difficidt  to  mine.  It  would  seem  not  to  be  a  true  shale  ;  the  fact  stated  that  in  the  same 
gangway  the  vein  flattens  to  40°,  and  has  a  good  slate  roof,  looking  much  as  if  the  coal  is  not 
an  overturned  bed  at  all. 

The  Little  Gate  Coal  was  not  even  found  here.  The  shafts  on  the  ridge  are  certainly  not 
on  it. 

The  South  Salem  Coal  has  been  worked  W.  200  yards,  but  was  soft  and  faidty,  and  not 
worth  mining  ;  its  thickness  was  4  feet. 

A  tunnel  goes  from  the  Salem  Coal,  at  a  point  700  feet  W.  of  the  foot  of  the  Slope,  !5^^orth- 
ward  towards  the  Faust.  It  had  been  driven  70  yards,  and  at  a  depth  of  35  yards  it  turns 
over  into  a  N.  dip  about  50° :  the  remaining  35  yards  is  all  through  N.  dip.  The  measm-es  are 
chiefly  sandstone,  with  a  little  slate.  The  tunnel  was  expected  to  cut  the  Faust  Coal  at  a  depth 
of  65  or  70  yards,  but  the  North-dipping  strata  have  disappointed  all  calculations. 

The  actual  axis  near  the  Gate  Coal  has  not  been  detected,  and  it  is  even  doubtful  if  the 
Gates  are  not  here  true  South-dipping  coals.  Perhaps  the  axis  lies  between  the  two  ridges  of 
Red  Mountain. 

BEANCH  DALE  COLLIEEY  (MCDONALD'S),  MUDDY  BRANCH. 

At  the  tip  of  the  new  slope  on  the  Leivis  Coal  there  is  a  saddle  which  has  been  traced  to 
Swatara.  The  distance  from  the  Lewis  Coal  saddle  to  the  Spohn  Coal  Slope,  on  the  S.  dip,  is 
664  feet,  on  a  N.  and  S.  course.  Tlie  axis  of  the  Lewis  Coal  rises  Westward.  The  coal 
saddles  it,  in  some  places,  on  higher  ground,  and  at  Swatara  the  beds  are  335  feet  apart. 
The  Lewis  Coal  Slope  descends  into  a  water-level  drift ;  the  dij)  is  from  30°  to  32".  The  coal 
is  9  feet  thick,  and  when  regular,  is  in  three  benches ;  the  top  one  is  from  4  to  5  feet  thick, 
with  1  foot  of  Bone  CoaL 

The  Spohn  Coal  is  in  all  6  feet  thick;  it  has  a  bottom  bench  from  15  to  18  inches  thick, 
and  bone  18  inches  ;  the  top  bench  is  from  3  to  3^  feet  of  good  coal :  it  was  in  fault  for  800 
yards,  from  the  introduction  of  a  sandstone  in  the  position  of  its  top  bench.  It  runs  from  the 
slope  300  yards  E.,  and  500  yards  W.  The  Spohn  Coal  has  a  rock  top,  with  3  feet  of  slate 
between  it  and  the  rock. 

The  Spohn  Coal  saddles  at  the  slope  ;  it  is  about  150  yards  from  outcrop  to  outcrop.  The 
North  Spohn  is  under  the  Breaker.  These  outcrops  separate  on  going  Westward  600  yards  ; 
then  they  contract,  and  at  the  Swatara  they  unite  at  the  w\ater-level.  On  the  water-level 
gangway  from  Muddy  Branch,  we  met  the  saddle  brought  down  about  250  yards  W.  of  the 
Swatara  Road.  The  Lewis  and  Spohn  Coal  saddles,  at  the  road  on  the  E.  side  of  Swatara,  are 
not  20  feet  apart.  The  N.  dip  of  the  Lewis  Coal  is  here  6  feet  thick,  and  the  sound  part  is  an 
excellent  coal. 

The  synclinal  axis  of  M.  Weaver's  Peach  Mountain  Coal  is  visible  on  the  road  just  E.  of  the 
Little  Inn,  at  the  intersection  of  the  Muddy  Creek  Railroad  and  the  Wagon  Road. 
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LOWEE  OE  LITTLE  MUDDY  BRANCH,  RED  MOUNTAIN  AXIS. 

Here  the  flexure  appears  to  be  single,  and  has  a  perpendicular  dip  on  its  N.  side,  and  a  dip 
of  about  40°  on  its  S.  The  Northern  or  Little  Lick  axis  seems  to  hold  its  place  N,  of  the  main 
anticlinal  of  Eed  Mountain  just  mentioned,  for  at  Bettinger's  North  Mine,  near  the  sawmill  on 
the  Muddy  Branch,  we  see  the  evidences  of  a  saddle  in  this  very  line.  That  there  is  an  axis 
here  is  certain,  for  we  have  all  the  indications  of  a  synclinal  in  the  rocks  S.  of  the  mine  in  the 
cut  on  the  railroad.  This  cut  exhibits  S.  dips  of  30°  or  45°,  meeting  dips  seemingly  inverted 
of  80"  S. ;  and  S.  of  this  apparent  synclinal  is  a  long  narrow  longitudinal  valley,  very  nearly  in 
the  range  of  the  Little  Lick  anticlinal,  which  is  in  all  probability  the  line  of  the  anticlinal  con- 
nected with  the  80°  S.,  or  overturned  dips  on  its  N. 

BETTINGER'S  MINES,  LITTLE  MUDDY  CREEK. 

The  coals  opened  and  worked  at  Bettinger's  or  Dundas's  Mines  on  Little  Muddy  Branch  are 
as  follows  : — 

The  Gate  Vein,  so  called.  This  occurs  immediately  N.  of  the  anticlinal  axis.  It  is  5  feet 
thick,  and  underlaid  by  6  feet  of  slate.  The  dip  is  not  regular,  being  in  one  place  flat,  and  else- 
where in  the  same  dip  nearly  perpendicular,  and  again  steeply  S.,  and  overturned. 

Another  Gate  Vein,  between  200  and  300  feet  N.  of  the  first,  and  dipping  also  perpendicularly, 
is  4  or  5  feet  thick  between  slate  and  slate,  but  contains  only  1 8  inches  or  2  feet  of  coal. 

A  coal-bed  just  S.  of  the  anticlinal  axis,  apparently  the  S.  dip  of  the  Gate  Vein,  has  been 
worked  E.  to  the  line  of  the  estate,  and  W.  about  1400  yards,  but  it  proved  faulty  nearly  all  the 
way.  Above  it  occur  two  other  coals,  and  then  another,  called  the  Black  Mine  bed,  not  worked. 
About  270  feet  S.  of  the  last  occurs  the  Tunnel  Vein,  so  called,  here  mined  by  a  slope-pit. 
This  is  the  fifth  coal  ascending  from  the  axis. 

Over  the  Tunnel  Vein,  at  a  horizontal  distance  of  180  feet,  lies  the  Rabbit  Hole  bed,  faulty 
at  the  surface,  but  reached  below  the  water-level  by  a  tunnel  driven  S.  from  the  Tunnel  Vein. 
To  this  succeeds  the  Faust  Coal,  and  beyond  it  lies  another.  These  South-dipping  coals  all 
incline  S.  about  40°;  their  strike  is  S.  80°  W. 

The  Tunnel  Coal  had  been  mined,  in  1853,  W.  from  the  E.  line  of  the  estate  about  500  yards. 
It  is  generally  sound,  though  its  thickness  is  from  4  to  6,  or  even  7  feet.  The  Black  Mine 
Coal  was  not  worked.    It  is  overlaid  by  a  pebbly  sandstone. 

The  York  Tunnel  {Deej)  Run). — This  tunnel  has  been  driven  N.  to  the  Big  Diamond,  and 
the  coal  has  been  mined  towards  Charles  Miller's  Slope.  It  is  indeed  the  same  bed  with  that  of 
the  slope.  About  35  yards  further  the  tunnel  cuts  the  Anderson  Coal,  and  195  yards  still  further 
the  Kear's  Coal, 

COALS  ON  SWATARA. 

About  100  feet  N.  of  the  junction  of  the  Swatara  Eailroad  and  the  Tremont  Turnpike,  we  see 
the  outcrop  of  a  South-dipping  grey  conglomerate  exceedingly  like  the  rock  of  the  Gate  and 
Lewis  synclinal  trough  on  Mill  C^reek  above  the  Sandrock  series — viz.,  the  Faust  rock. 

It  is  quite  clear  from  all  the  evidence  that  the  coals  above  the  Egg-conglomerates  do  not  pass 
VOL,  IL  .  z 
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W.  in  the  Fishers  Basin  beyond  Middle  Creek,  but  the  lower  set,  the  five  inferior  beds  opened 
by  Mr  Werntz  on  the  S.  dip  of  the  mountain,  run  on  far  to  the  W.,  passing  behind  the  Donald- 
son Mines,  and  so  on  to  Klinger's  Gap,  where  he  has  opened  all  of  them.  These  five  lower  coals 
must  run  on  E.  a  certain  distance,  but  it  is  doubtful  if  they  are  all  above  water-level  at  the 
Swatara  Falls  axis. 

It  was,  at  the  date  of  our  researches,  a  point  of  much  interest  to  ascertain  the  place  on  this 
anticlinal  E.  from  Swatara  Falls,  at  which  the  higher  strata  conceal  altogether  the  upper  great 
Egg-conglomerate.  Is  it  not  somewhere  between  Swatara  Falls  and  Edwards  and  Morgan's 
Tunnel  t  If  the  upper  or  Big  Coal  of  Fisher's  Basin  at  Swatara  is  really  the  lower  or  White-Ash 
Coal  of  New  Mines,  as  some  aver,  what  is  this  coal  called  when  it  reaches  Forestville  1  Is  it  not 
the  coal  cut  in  Morgan's  Tunnel  at  the  head  of  Muddy  Branch,  or  the  Black  Valley  Coal  of 
Forestville  ?  It  is  of  some  local  importance  to  ascertain  where  it  gets  over  the  Swatara  FaUs 
anticlinal. 

The  Big  Vein  may  be  known  by  its  being  composed  of  6-feet  coal,  4  feet  of  it  good  ;  of  1^ 
feet  Bone  coal,  with  4  inches  slate  in  it ;  and  of  2  to  3  feet  clear  excellent  coal.  One  of  these 
benches  is  a  reddish-ash  coal.  The  next  lower  coal-bench  or  small  bed,  1  to  2  feet  thick  under 
it,  is  separated  by  a  rock  and  3  feet  of  Bony  coal. 

SWATAEA  COLLIERY,  D.  P.  BROWN  &  CO. 

There  are  three  coal-beds  opened  here.  The  middle,  5  feet  thick,  is  a  good  Grey- Ash  coal. 
The  upper  is  from  1 0  to  12  feet  thick  ;  it  averages  7  feet  of  coal.  It  has  a  pinkish  ash.  There  is  a 
tliird  lower  seam,  which  lies  not  far  above  the  Pea-conglomerate,  which  rests  on  the  large  upper 
Eo-a-conglomerate.    It  is  a  thin  bed. 

The  5-feet  seam  has  been  driven  W.  on  a  N.  dip  300  yards.  The  upper  one  the  same 
distance  on  a  S.  dip.  Of  this  the  lower  bench  is  red,  and  the  upper  is  pinkish  ash.  At  the  di-ift- 
road,  100  feet  above  the  stream,  the  coals  basin  by  a  sudden  or  perpendicidar  reascent  of  the 
strata  to  the  surface.  The  upper  of  these  coals  is  capped  by  a  singidarly  rough  conglomerate. 
It  is  a  bed  of  true  Egg-conglomerate,  in  some  places  from  8  to  10  feet  thick;  in  others  not  more 
than  6  feet,  overlaid  by  shale  and  sandstone. 

MIDDLE  CREEK. 

On  the  E.  side  of  Middle  Creek  N.  of  the  Arch  Rock  saddle,  or  in  Fisher's  Basin,  tlu-ee  coals 
have  been  opened,  all  with  flat  N.  and  S.  dips.  Indeed,  the  coals  do  not  cross  the  creek  West- 
ward : — 

1.  The  Little  Grey  Coal  is  shafted  in  the  centre  of  the  basin. 

2.  A  gangway  has  been  driven  on  the  Donaldson  Coal  in  the  centre  of  the  basin,  at  a  point 
facing  Middle  Creek  ;  it  dips  gently  N.  It  was  at  fii'st  soft  and  faulty  in  the  gangway  ;  what  its 
present  condition  is,  we  are  not  informed. 

3.  The  upper  coal  is  the  Lomason  or  Big  Coal  of  Donaldson.  It  has  been  mined.  The  space 
between  the  two  outcrops  of  this  coal  is  at  least  half  a  mile. 

The  Grey  Coal  (the  lowest)  basins  just  at  the  level  of  the  creek,  the  middle  about  50  or  60 
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feet  above  the  water-level,  and  the  upper  80  or  90  feet  above  the  same  horizon.  At  Fisher's 
Basin  the  same  three  coals  have  been  opened,  and  partially  mined.  The  Grey  bed  had  4  feet  of 
good  coal. 

The  upper  large  coal,  or  the  Big  Coal,  so  called,  has  not,  in  Fisher's  Basin  east  of  Middle 
Creek,  the  coarse  Egg-conglomerate  over  it  which  we  see  at  Brown's  or  Swatara. 

There  are  five  coals  shafted  on  the  mountain  on  the  N.  side  of  Fisher's  Basin  N.  of  the  Egg- 
conglomerate  or  Big  Eock,  in  strata  lower  than  the  Grey  Coal.  Of  these,  the  two  lower  contain 
but  6  inches  of  coal. 

The  third  is  11  feet  thick,  but  soft.  Perhaps  this  is  not  its  true  size,  as  it  was  but  7  feet 
in  the  bottom  of  the  shaft. 

The  fourth  was  a  6-feet  coal  in  the  shaft,  but  had  not  much  good  coal  in  it.  It  was  soft  and 
squeezed. 

The  fifth  was  soft  coal,  2  feet  thick,  but  squeezed,  with  a  conglomerate  above  and  below  it. 
It  is  seen  about  1200  yards  N.  of  the  Big  Eock.    The  dip  of  all  these  is  about  30°  S. 


CHAPTER  X. 

COAL-FIELD  BETWEEN  MIDDLE  CKEEK  AND  THE  FORKING  OF  THE  BASIN. 

As  stated  in  oiu'  general  preliminary  descrij)tion,  the  S.  coal-field  separates  Westward  into  two 
branches,  the  N.  one  being  entitled  the  Bear  Valley,  or  the  Wiconisco  Basin,  and  the  S.  the 
Dauphin  Basin.  The  place  of  bifurcation  is  the  kettle  or  cove  at  the  E.  head  of  Williams'  Valley, 
where  the  lower  conglomerates  of  the  Coal-measures  expand  in  the  broad  elevated  anticlinal 
table-land  of  the  Little  Lick  Mountain  forking  into  two  monoclinal  crests  to  form  the  Lick 
Mountain  of  the  Bear  Valley,  and  the  fouith  mountain  of  the  Dauphin  Basin.  Between  Middle 
Creek  of  Swatara  and  this  place  of  forking,  the  general  structure  of  the  coal-field  is  rather 
simple.  Nearly  all  the  undidations  which  complicate  and  diversify  its  structure  in  the  regions 
E.  of  Middle  Creek,  have  passed  Westward  out  of  the  coal-field  into  the  spurs  of  Mine  Hill  or 
West  Broad  Mountain,  and  there  remain  but  the  three  wide  and  steep  flexures  of  Big  Lick,  Little 
Lick,  and  Eed  Mountains,  diverging  Westward  with  the  spreading  of  the  basin  prior  to  its 
bifurcation.  The  structure  of  this  portion  of  the  coal-field  is  well  disclosed  by  the  natural  section 
furnished  by  the  valley  of  Good  Spring  Creek,  which  intersects  all  the  three  anticlinals.  After  the 
sufficiently  elaborate  description  of  these  several  flexures,  and  their  efl'ects  upon  the  strata,  it  will 
not  be  necessary  in  this  chapter  to  trace  again  their  course,  or  especially  to  refer  to  them,  except 
in  connection  with  an  enumeration  of  the  coal-seams  which  they  severally  expose.  Before  pro- 
ceeding to  an  account  of  these,  the  attention  of  the  reader  is  requested  to  the  annexed  pictorial 
Section,  designed  to  represent  both  the  geological  structure  of  this  W.  end  of  the  main  coal-basin, 
and  the  strikingly  close  connection  which  prevails  between  this  structure  and  its  topography,  external 
features  or  scenery.  It  is  drawn  as  the  district  would  appear  from  a  balloon  suspended  in  the  air  E. 
of  Good  Spring  Creek,  and  N.  of  the  crest  of  Eed  Mountain.  The  diverging  crests  of  the  three  anti- 
clinal ridges  are  seen  stretching  W.  to  insulate  respectively  the  Donaldson  or  Good  Spring  Basin  on 
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the  riglit,  and  tlie  Swatara  or  Dauphin  Basin  on  the  left,  while  the  Kettle  is  distinctly  shown  in  the 
middle  of  the  pictiu'e  in  the  distance,  itself  forking  round  the  high  anticlinal  knob  of  Peter's  and 
Berry's  mountain.  It  brings  out  distinctly  the  origin  of  every  valley  and  mountain-crest  within  the 
district,  showing  the  valleys  to  have  been  excavated  in  every  case  in  the  softer  strata,  and  the 
ridges  and  crests  to  be  simply  the  more  projecting  waves  and  ribs  of  the  harder  rocks,  not  quite 
60  deeply  eroded.  It  serves  to  illustrate,  even  to  the  minuter  features  of  the  general  landscape, 
the  intimate  dependence  of  scenery  upon  the  two  geological  elements,  altitude  or  dip,  and  rela^ 
five  softness  and  hardness  of  the  rocks.  This  sketch  displays  the  diflFerences  of  form  and  depth 
between  the  four  synclinal  troughs  into  which  the  basin  is  subdivided  by  the  three  anticlinals, 
showing  the  oblique  or  folded  shape  of  the  more  Southern  one,  the  inverted  dip  of  all  the 
strata  S.  of  it,  and  the  normal  curvature  of  the  other  three.  The  two  central  basins — that 
between  Eed  Mountain  and  Little  Lick  Mountain,  and  that  between  the  latter  and  Big  Lick 
Mountain — are  seen  rising  and  heading  out  from  the  plateau  at  no  great  distance  from  the 
Section  ;  whereas  the  folded  one  at  the  base  of  the  Sharp  Mountain,  and  the  other  deep  one  at 
Donaldson  at  the  foot  of  the  Thick  Mountain,  are  beheld  stretching  far  into  the  distance  bounded 
by  their  well-defined  mountain-barriers. 


Fig.  176.— Section,  with  Pictorial  Background,  of  the  Southeni  Coal-field  near  Tremont,  looking  W. 


  I'inbral.  roti'itomrrnlr.  Bed  Mountain.       '"        LittU  Lick  3fottniain.  Bi^j  Lick  Mouniain,        DonaUUon  B.  Thick  ML 

Snund  Jloiihlaiii.  .V/iurj)  Mountain. 


1  bird,  rtausch  Gap.    2  birds,  Swatara  G.ap.    3  birds.  Panther  Head. 


BASIN  OF  DONALDSON,  OE  BASIN  N  Q. 

It  was  shown,  in  treating  of  the  N.  synclinal  belts  at  the  Swatara,  that  neither  the  Peach 
Mountain  axis  0,  nor  the  Branch  Dale  flexure  S.  of  it,  appears  in  much  force  at  their  intersection 
by  that  stream.  It  is  probable  that  they  either  expire  altogether,  or  become  very  flat,  before 
reaching  the  meridian  of  Donaldson.  Indeed,  there  are  no  indications  of  either  of  these  flexures 
in  the  ravine  of  Coal  Eun  W.  of  Middle  Creek.  It  has  been  also  intimated  that  the  axis  N  of 
the  Dripping  Arch  of  Middle  Creek,  the  N.  boundary  of  this  synclinal  belt,  rises  steadily  W., 
closing  up  Fisher's  Basin  N.  of  it,  and  merges  itself  in  the  gentle  S.  dips  of  the  long  sloping 
S.  shoidder  of  the  Thick  or  Broad  Mountain  N.E.  of  Donaldson.  It  would  thus  appear  that,  if 
not  from  Middle  Creek,  at  least  from  Coal  Run  westward,  the  trough  is  a  simple  one  of  a  normal 
synclinal  cross-section,  wherein  the  S.  dips  of  the  N.  side  are  of  an  inclination  averaging  45°, 
while  the  N.  dips  of  the  S.  side  are  as  steep  as  75°  or  80°.  The  position  of  the  synclinal  axis  is 
therefore  far  towards  the  S.  side  of  the  belt ;  indeed,  it  passes  through  the  village  of  Donaldson, 
and  thence  Westward  along  the  immediate  valley  of  Good  Spring  Creek.  Under  this  foim, 
and  with  little  variation  in  breadth  or  depth  from  Donaldson  westward,  it  extends  with  remark- 
able straightness  as  far  at  least  as  Klinger's  Gap,  and  without  much  contraction,  indeed,  until  it 
passes  the  watershed  between  the  East  and  West  Bear  Creelvs. 
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Coals. — At  Middle  Creek  the  number  of  coal-seams  within  the  basin  N  Q,  notwithstanding 
the  probable  presence  there  of  the  axis  P,  must  be  very  considerable,  and  it  is  still  large,  perhaps 
quite  as  great,  at  Donaldson,  and  for  some  distance  further  W.  It  will  be  seen,  upon  inspectiug 
the  Section  of  Big  Mountain  and  of  Big  Lick  Mountain,  near  Donaldson  (see  Plate  III.  of  the 
long  coal  Sections),  that  besides  the  entire  series  of  White-Ash  coal-seams  outcropping  in  the 
.flank  and  summit  of  the  Big  or  Thick  Mountain,  the  basin  there  embraces  an  extensive  group 
of  Red- Ash  beds,  the  total  number  opened  for  both  classes,  thick  and  thin,  amounting  to  seven- 
teen or  eighteen.  At  least  five  of  the  Red-Asli  group  have  been  exposed  by  proving  and  mining, 
in  concentric  saddles,  in  Big  Lick  Mountain.  Inasmuch  as  the  coals  of  the  deeper  central  line 
of  the  trough  lie  under  a  deep  covering  of  wash  or  diluvial  matter,  and  have  never  been  opened, 
we  may  add  at  least  two  or  three  to 
the  previous  enumeration,  and  count  the        ~ ~ 

whole  number  at  twenty :  of  these,  five  ~  777317 —   — 

or  six  are  of  large  dimensions,  and  are  7''  '  "    '  '^^^^v' '  ^  ''^ '  -''^^  1 

susceptible  of  being  profitably  wrought.  — tx^t  ^ 
The  section  already  referred  to,  and  the  ""'^g  '^o 

profile  of  the  Donaldson   Tunnel,  here  Fig.  177.— Tunnel  in  the  Thick  Mountain  N.  of  Donaldson,  looking  e. 

■t  1  inch  =  200  feet. 

inserted,  will  furnish  the  reader  with 

the  dimensions,  the  distances  apart,  and  the  dips  of  all  the  coal-seams  at  present  exposed  here, 
and  will  serve  as  a  key  for  estimating  the  contents  and  structure  of  the  basin  both  E.  and  W. 
of  Donaldson. 

Thick  Mountain  Tunnel  and  Drifts. — The  coals  here  are, — ■ 

1st,  The  Gardiner  or  Twelve-feet  Coal,  or  Black  Valley  Coal,  worked  on  the  E.  and  W.  sides  of  the  valley  ; 
it  is  quite  good  coal,  but  sometimes  soft — lies  in  one  bench.  The  gangways  are  straight.  It  has  been  mined  W. 
one  mile,  but  not  worked  E.  so  far  ;  it  was  cut  in  the  Thick  Mountain  Tunnel. 

2d,  The  Black  Heath  Coal  is  8  feet  thick,  and  in  one  bench  ;  it  has  been  mined  E.  and  W.  About  one  mile 
W.  the  gangways  are  straight.    It  is  worked  on  the  W.  side  chiefly ;  it  also  was  cut  in  the  tunnel. 

3d,  The  Iron-ore  Coal  was  shafted  uijon,  but  was  not  worked  :  there  was  no  good  coal  in  it :  it  is  2^  feet 
thick,  and  about  150  feet  N.  of  the  Black  Heath  Coal. 

•ith,  The  Big  Coal  is  1 6  feet  thick  on  the  average  ;  it  occurs  in  two  benches  of  good  coal,  though  somewhat 
faulty.  It  has  been  mined  E.  half  a  mile,  and  W.  more  than  one  mile.    The  gangways  are  regular  and  straight. 

5th,  A  ten-feet  coal  is  mined  E.  1000  yards,  and  W.  the  same  distance,  and  is  in  one  bench.  On  the  E. 
side  the  coal  is  good ;  on  the  W.  it  is  faulty  for  700  yards. 

The  Big  Diamond  coal,  S.  of  all  these,  is  opened  and  worked  by  a  drift  ;  it  has  from  3^  to  4 
feet  of  pretty  good  coal ;  it  was  mined  but  a  short  distance,  and  only  to  the  W. 

■    BASIN  OF  BIG  AND  LITTLE  LICK  MOUNTAINS,  OE  BASIN  QR;  ALSO  LITTLE  LICK  MOUNTAIN. 

The  synclinal  belt  embraced  between  the  two  Lick  Mountains  may  be  regarded  as  the  pro- 
longation Westward  of  the  very  long  but  somewhat  undulated  trough  of  coal  strata  immediately 
N.  of  the  Gate  Eidge ;  it  is  only  at  Swatara,  or  perhaps  more  truly  at  Middle  Creek,  that  it 
assumes  an  independent  synclinal  structure  in  the  development  of  its  two  bounding  anticlinals  : 
these  seem  slightly  to  diverge  going  W.,  making  the  basin  widest  about  the  meridian  of  Rausch 
Creek,  where,  however,  it  is  by  no  means  deepest.    The  rapid  asceijt  Westward  of  the  anticlinal 
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axis  of  the  Little  Lick  Mountain,  by  successively  lifting  out  in  that  direction  the  lower  Coal- 
measures,  produces,  in  conjunction  with  a  similar  though  more  gentle  rise  of  the  Big  Lick  axis, 
a  progressive  shallowing  and  flattening  of  the  basin,  until  at  the  sources  of  Rausch  Creek  it 
becomes  merely  a  high  mountain-trough  on  the  N.  slope  of  the  Lick  Mountain.  From  this 
point — namely,  the  head  of  the  "  Kettle  " — it  now  rapidly  contracts  and  shoals,  until,  opposite 
Klinger's  Gap,  it  is  little  more  than  a  mere  broad  shoulder  or  expansion  of  the  same  mountain, 
embracing  only  the  very  lowest  thin  White- Ash  coals,  alternating  with  the  coarse  conglomerates. 
The  following  notes  of  the  coal-beds  opened  and  mined  at  the  Good  Spring  Gap  in  Big  Lick 
Mountain,  and  in  the  N.  flank  of  the  Little  Lick  Mountain,  W.  of  Tremont,  will  sufiieiently 
exemplify  the  structure  and  resources  as  hitherto  developed  of  the  two  borders  of  this  basin. 
Its  central  deeper  portion  is  almost  wholly  unknown  ;  but  taking  its  width  and  the  steepness  of 
its  bounding  anticlinal  flexures  into  consideration,  with  the  farther  circumstance  that  neither  of 
these  anticlinals  lifts  either  of  the  White- Ash  coal-seams  to  the  surface  till  we  pass  a  good  dis- 
tance W.  of  Tremont,  it  is  obvious  that  it  must  be  a  very  capacious  trough,  holding,  in  all  pro- 
bability, a  greater  depth  of  Coal-measm-es  between  Good  Spring  Creek  and  Rausch  Creek  than 
the  Donaldson  Basin  itself. 

BIG  LICK  MOUNTAIN  ANTICLINAL. 

This  very  straight  and  persistent  axis  may  be  traced  E.  from  Donaldson,  by  the  dips  and  the 
topography,  the  whole  distance  to  the  Swatara.  It  is  well  seen  in  the  dips  newly  exposed  on 
the  Middle  Creek  Branch  of  the  Mine  Hill  Railroad  ;  again  in  the  cuts  of  this  railroad,  in  the 
same  spur  further  E. ;  and  it  is  very  striking  again,  in  its  anticlinal  arch,  in  a  cut  on  the 
Swatara  Railroad,  only  a  few  hundred  feet  N.  of  the  turnpike  road.  Eastward  from  the  Swatara 
we  could  not  follow  it ;  but  there  is  good  reason  to  suppose  that  it  is  declining  and  fading  away 
in  that  direction,  inasmuch  as"  we  find  only  S.  dips  under  Llewellyn,  and  immediately  S.  of  this 
village,  in  the  belt  into  which  this  axis  should  manifestly  be  prolonged,  if  it  runs  so  far. 

Coals  in  the  Gaj)  of  Big  Lick  Moimtairi,  Donaldson  : — 

1.  The  outside  coal  on  the  S.  dip  is  from  6  to  10  feet  thick — it  has  been  driven  600  yards 
or  further.  \ 

2.  The  next  bed  N.,  also  on  the  S.  dip,  is  4  or  5  feet  thick — it  has  been  worked  E.  three- 
fourths  of  a  mile. 

3.  The  small  coal  has  been  driven  E.  only  a  few  yards. 

4.  A  fourth,  called  M<^Cormick's  Coal,  is  from  1  to  10  feet  thick  on  the  S.  dip.  It  was 
driven  600  yards  E.  at  the  date  of  our  observation. 

5.  A  small  coal — was  mined  in  25  or  30  yards.    To  this  succeeds  the  saddle. 

The  N.  veins  are  very  nearly  perpendicular.  The  equivalent  of  No.  4, 
North-dipping,  was  mined  Eastward  one-third  of  a  mile,  and  was  about  1 0  feet 
thick.    The  equivalent  of  No.  2  was  also  worked  Eastward  one-third  of  a  mile. 

On  the  W.  side  of  the  valley  of  Good  Spring  Creek,  No.  4  was  worked 
on  a  S.  dip  by  M'^Cormick  and  Clark — it  was  mined  in  AVestward  1  mile  ;  its 
dip  is  65°  S.,  and  not  less  to  the  end  of  the  gangway.    The  coal  is  of  a  red 
FiG.us.-stratainBig  ^^h.    On  the  W.  sidc.  No.  2  was  worked  in  on  the  S.  dip  about  400  yards.  Its 
\nck  =  ^2Sd]fcd.  ~^  dip  is  65°  S.    It  is  a  good  Red- Ash  coal. 
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LITTLE  LICK  MOUNTAIN. 

The  Little  Lick  Mountain,  W.  of  Tremont,  contains  three  anticlinal  flexures,  the  most 
Southern  of  which  is  obviously  the  chief  one,  being  traceable  to  the  bold  arch  of  the  Egg-con- 
glomerate visible  at  Rauschville.  All  of  these  saddles  descend  rapidly  Eastward  :  the  middle  one 
is  apparently  the  shortest ;  the  two  outside  ones,  especially  the  most  Northern,  exhibit  very 
steep  N.  dips.  At  the  date  of  our  observations  there  were  five  separate  beds  of  coal  of  workable 
dimensions,  proved  and  partially  traced,  and  the  upper  or  more  external  of  them  mined  to  a  con- 
siderable extent.  In  descending  order  their  dimensions  are  4  feet,  4  feet,  7  feet,  5  feet,  and 
7  feet.  The  getting  access  to  these  coals  has  not  been  an  easy  matter.  To  tunnel  into  them 
from  a  low  level  on  the  S.  side  of  the  mountain  would  have  implied  a  large  expenditure,  as  the 
S.  dips  are  comparatively  gentle,  and  the  requisite  tunnels  there  must  be  long.  The  greater 
steepness  of  the  N.  side  of  the  hill,  and  closer  proximity  of  the  North-dipping  coal-seams, 
naturally  led  to  their  being  first  entered  by  tunneling  from  that  quarter ;  but  this  resulted,  as 
might  have  been  anticipated,  in  much  disappointment.  As  usual,  the  flexures  having  one  gentle 
and  one  perpendicular  dip,  the  perpendicular  strata  have  been  found  to  be  much  squeezed, 
and  the  coals  therefore — namely  the  second  4-feet  bed,  and  the  7-feet  seam  beneath  it,  and  the 
next  coal  below  this  again — have  all  been  found  so  faulty  as  scarcely  to  repay  the  cost  of  mining. 
The  method  of  entering  these  coal-beds  has  been  by  short  tunnels,  some  from  the  exterior,  others 
from  within  gangways  already  cut,  hut  all  planned  to  reach  the  next  interior  coal  near  its 
place  of  saddling  or  arching  over  and  round  its  anticlinal  axis,  the  object  being  to  command  as 
soon  as  possible  a  double  line  of  gangway,  or  rather  to  get  round  the  point  or  nose  of  the  West- 
dipping  saddle  in  the  South-dipping  portion  of  the  coal-bed.  This  mode  of  entering  the  mounr 
tain — assuming  a  long  tunnel  from  its  S.  side  to  be  too  costly — appears  to  be,  after  all,  the  most 
feasible,  and  would  have  proved  eminently  successful,  if  the  mountain,  in  place  of  containing 
three  saddles,  possessed  but  one.  In  that  case  the  gangways  in  the  South-dipping  coals  could 
have  been  extended  indefinitely  to  the  W.,  but  the  existing  more  complex  state  of  things  will 
turn  these  gangways  round  the  ends  of  the  synclinal  basins  and  Eastward  into  North-dipping 
strata,  until,  by  successive  windings  through  comparatively  sound  South-dipping  coal,  and  very 
faulty  soft  perpendicular-dipping  coal,  they  at  last  reach  the  S.  side  of  the  main  Southern  axis, 
along  which  they  may  proceed  without  fm-ther  check.  Such  being  the  inevitable  conditions 
attending  the  mining  of  these  concentrically  enclosed  coals  from  the  N.  side  of  the  mountain,  it  is 
obvious  that  to  extract  the  coal  from  at  least  the  S.  part  of  the  ridge,  the  method  by  tunneling 
from  the  S.  would  be  altogether  the  most  feasible. 

Spangler's  Four-feet-thick  Coal  is  penetrated  by  a  tunnel  near  the  point  of  its  anticlinal  flex- 
ure at  Tremont.  The  tunnel  enters  the  strata  from  the  N.  side  of  the  ridge,  running  145  yards 
S.  64°  W.  in  the  outside  coal-bed  ;  it  then  turns  abruptly  towards  the  S.,  and  cuts  slate  and 
sandstone  through  121  feet  to  the  other  4-feet  seam,  reaching  this  bed  92  feet  W.  of  the  point 
of  its  saddle.  Another  tunnel  farther  to  the  W.,  at  a  higher  level,  cuts  Spangler's  Four-feet  Coal, 
and  reaches  the  7-feet  seam  inside  of  it,  very  near  the  point  at  which  this  seam  in  its  turn 
saddles  over  its  axis  at  the  tunnel-level ;  and  a  third  tunnel,  80  yards  in  length,  starts  from  the 
gangway  of  the  N.  dip  of  the  7-feet  seam,  and,  like  the  rest,  directed  S.,  cuts  the  measures 
between  the  7-feet  bed,  and  the  coal  next  inside  of  it,  which  it  meets  in  a  similar  position, 
namely,  a  little  W.  of  the  point  at  which  it  swings  over  the  declining  anticlinal  axis. 
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BASIN  OF  LITTLE  LICK  MOUNTAIN  AND  BED  MOUNTAIN. 
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As  intimated  iii  a  former  chapter,  this  synclinal  trough  expands  rapidly  Westward  from  the 
Swatara,  and  rises  as  it  expands,  until  it  lifts  itself  out  from  the  broad  plateau  around  the  S, 
side  of  the  Kettle.  It  is  intersected  by  the  valley  of  Good  Spring  Creek  at  Tremont,  and 
by  that  of  Eausch  Creek,  2  miles  further  W.  From  the  Middle  Creek  Eailroad  at  Swatara, 
to  Tremont,  the  developments  within  this  basin  are  very  few,  and  its  struc- 
ture is  obscure  ;  but  W.  of  that  village  its  contents  are  better  defined,  the 
topographical  features  being  more  distinct,  the  mining  explorations  in  Little 
Lick  Mountain  and  in  Eed  Mountain,  at  the  gaps  of  Good  Spring  and  Eausch 
Creeks,  revealing  to  us  some  of  its  coal-seams.  It  has  been  already  stated 
that  the  Eed  Mountain  or  Gate  Eidge  discloses  at  Good  Spring  Creek  not  fewer 
than  eleven  seams  of  Eed-Ash  coal  dipping  N.  into  this  basin  at  a  very  steep 
angle  ;  and  in  our  previous  description  of  the  Little  Lick  Mountain,  the  N.  side 
of  the  basin,  or  the  S.  flank  of  that  ridge,  was  shown  to  contain  at  least  six  out- 
crops of  coal-beds  of  workable  dimensions.  (See  Section  of  Eed  Mountain  and 
the  annexed  vertical  column  of  North-dipping  beds.)  The  probability  is,  that 
the  total  number,  big  and  little,  at  Good  Spring  Creek,  is  from  thirteen  to 
fourteen,  for  the  synclinal  axis  of  the  basin  cannot  be  far  N.  of  the  base  of  Eed 
Mountain.  This  line  of  lowest  depression  of  the  trough,  does  not  range  centrally 
along  the  belt,  but  maintains  a  direction  very  nearly  parallel  to  the  anticlinal  or 
crest-line  of  Eed  Eidge  all  the  way  to  Eausch  Creek,  and  even  to  Lorberry 
Creek,  as  may  be  seen  by  inspecting  the  Eausch  Creek  section  in  Plate  III. 
The  North-dipping  coals  of  the  S.  side  of  the  basin  in  the  N.  side  of  Eed  Moun- 
tain, maintain  their  steep  or  nearly  perpendicular  dips  as  far  W.  as  Eausch 
Creek,  beyond  which  they  flatten  as  they  pass  the  head  of  Lorberry  Creek,  to 
join  the  South-east-dipping  corresponding  strata  of  the  W.  end  of  the  basin. 
From  Good  Spring  Creek  the  coal-beds  rise  out  towards  the  W.  in  successive 
concentric  basins  or  spoon-shaped  troughs,  some  of  which  are  even  vaguely  indi- 
cated in  the  topograpliical  features  of  the  valley.  This  structure  is  eminently 
adapted  to  a  successful  mining  of  the  thicker  coal-seams,  since  shafts  or  slopes, 
sunk  in  the  vicinity  of  Tremont,  vdW  drain  extensive  fields  of  gently  South- 
FiG.  1 79. -strata  in  dipuino;  coals  all  the  way  to  Eausch  Creek.   The  Eed-Ash  Coal-measures  occupy 

Red    Mountain.  —  i^^O  , 

M  =  200  feet.  the  entire  breadth  of  this  basin  as  far  as  Eausch  Creek,  exceptnig  a  vnde  trian- 
gular area  N.  of  the  axis  on  the  high  table-land  of  the  Little  Lick  ]\Iountain,  where  the  Wliite- 
Ash  coals,  down  to  the  coarse  Egg-conglomerate,  at  the  anticlinal  of  that  mountain,  spread 
themselves  out  in  a  very  gentle  Southerly  dip.  On  Eausch  Creek  the  total  number  of  coal-seams 
left  within  this  basin  would  appear  to  be  about  seven.  Three  of  these,  including  Kechre's  and 
Wells'  coals,  at  the  passage  of  the  Eed  to  the  White- Ash  groups,  are  seen  spanning  the  anticlinal 
axis  of  the  Eed  Mountain  above  the  water-level,  and  reascending  on  the  N.  side  of  the  synclinal, 
with  a  S.  dip  of  not  more  than  20°.  Next  beneath  them  occurs  the  Big  Coal,  so  called,  identical 
prol)ably  with  the  large  seam  of  Donaldson.  This  is  some  distance  below  the  water-level  of  the 
vaUey  at  the  Eed  Mountain  anticlinal  axis,  but  on  the  N.  side  of  the  basin  it  ascends  from  the 
water-level,  with  a  long  and  very  gentle  slope  to  its  outcrop  on  the  high  plateau  of  the  Little 
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Lick  Mountain.  The  other  inferior  seams  may  be  seen  dipping  S.  at  a  still  lower  angle,  with 
proportionately  still  longer  breasts  as  we  ascend  the  valley  to  the  well-exposed  broad  anticlinal 
flexure  or  arch  of  the  central  ridge  of  the  mountain. 

BASIN  OF  EED  MOUNTAIN  ANTICLINAL  AXIS  AND  SHARP  MOUNTAIN. 

That  portion  of  the  deep  straight  synclinal  belt  or  basin  which  lies  between  the  Swatara  Gap 
in  the  Red  Mountain,  and  the  gap  of  Fishing  Creek  in  the  Sharp  Mountain,  maintains  well  its 
averao-e  breadth  and  extent  of  Coal-measures  as  far  W.  as  the  notch  in  the  Sharp  Mountain  by 
which  the  Swatara  Creek  quits  the  coal-field  ;  but  from  this  latter  point  the  trough  commences 
to  contract  and  rise  by  the  expansion  and  lifting  of  the  Red  Mountain  axis,  until  at  the  Fishing 
Creek  Gap  it  is  reduced  to  probably  not  more  than  two-thirds  the  width  and  depth  it  possesses 
in  its  Eastern  half.  As  far  W.  as  the  Tremont  Gap  in  Red  Mountain,  the  South-dipping  coals 
of  the  N.  side  of  the  basin  incline  S.  at  angles  as  high  as  45°  and  55°,  and  they  retain  this  dip, 
or  even  a  steeper  one,  indeed,  as  far  as  the  valley  of  Rausch  Creek.  At  the  passage  of  Lorberry 
Creek  across  the  basin,  the  S.  dips  become  more  gentle,  but  the  strata  maintain  an  average  slope 
of  45°  past  the  sources  of  Fishing  Creek,  and  Westward  for  a  great  distance  along  the  N.  side  of 
the  Dauphin  Basin.  Except  at  the  Tremont  or  Good  Spring  Gap,  and  at  Rausch  Creek,  the  coal- 
beds  of  this  N.  side  of  the  basin  have  hitherto  been  very  imperfectly  developed  by  mining  or 
experimental  shafting.  In  the  Tremont  Gap,  and  apparently  for  a  long  distance  E.  and  W.  of  it,  the 
Coal-measm-es  of  the  S.  slope  of  the  Red  Mountain  are,  for  South-dipping  strata,  unusually  distiu'bed 
or  faulty.  The  irregularity  is  chiefly  of  the  nature  of  a  squeezing  and  sliding  of  the  coal-seams  within 
themselves,  rendering  them  very  generally  unfit  for  mining.  This  condition  extends  indeed  all 
the  way  from  Muddy  Branch  to  Lorberry  Creek,  and  prevails  to  a  partial  extent  opposite  Fishing 
Creek  and  into  the  N.  side  of  the  Dauphin  Basin.  Its  cause  is  obvious  enough  :  the  strata  of  both 
the  Sharp  Mountain  and  of  the  N.  slope  of  the  Red  Mountain  anticlinal  dip  perpendicularly,  and 
are  in  places  even  overturned  ;  the  whole  wave  of  the  strata,  from  the  crest  of  Sharp  Mountain 
to  the  N.  base  of  the  Red  Mountain,  being  in  fact  a  greatly  compressed  undulation,  with  a  steeply- 
inclined  South-dipping  axis-plane.  It  is  obvious  that  in  the  sharp  close  flexing  of  the  superficial 
softer  Coal-measures  within  the  trough  of  the  less  yielding  underlying  thick  beds  of  conglome- 
rate, the  upper  concavely-compressed  materials  were  forced  to  yield  in  their  planes  of  least 
resistance,  or  most  feeble  cohesion — that  is  to  say,  in  the  relatively  tender  coal-beds  themselves. 

RED  MOUNTAIN  OR  GATE  RANGE. 
At  Tremont  the  flexure  of  the  strata  in  Red  Mountain  is,  to  all  appearances,  a  single  regular 

normal    anticlinal    arch,  curving  mtO       pj^_  igo.—Section  of  S.  side  of  Red  Mountain  at  Hebbard's  Tunnel,  2  miles  E.  of 

the  perpendicular  on  its  Northern  side,  Fremont,  looking  e.-i  inck  =  m/eet. 

and  to  a  dip  of  45°  on  its  Southern; 
but  it  is  rather  sharp,  and  even  a  little 
dislocated,  at  the  crown  of  the  arch. 
The  South-dipping  coals,  in  the  vici- 
nity of  the  Tremont  Gap,  are  generally 
squeezed  and  faulty,  the  least  disor- 
dered of  the  series  being  the  Southernmost.  This  has  been  mined  on  both  the  E.  and  W.  sides 
of  the  gap. 
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West  Salem  Colliery,  Red  Mountain,  2^  miles  E.  of  Tremont. — A  tunnel  was  here  driven 
290  yards  Southward  into  Red  Mountain  ;  the  dip  is  37°  S.  This  mine  was  not  successful  ;  all 
but  the  first  and  last  coals  were  in  fault,  and  the  first  has  a  low  breast.  It  is  a  singular  circum- 
stance, that,  wdth  a  S.  dip  so  gentle  as  37°,  the  coals  should  be  so  squeezed  and  faulty  ;  but 
such  is  also  their  condition  at  the  Tremont  Gap  of  Eed  Mountain,  and  indeed  it  belong-s  to  this 
ridge  as  a  characteristic  throughout  much  of  its  W.  portion.  Sharp  Mountain,  though  with 
overturned  strata,  is  very  regular  in  all  this  vicinity  in  its  line  of  crest,  and  in  its  form ;  and  from 
topographical  indications,  it  seems  to  be  comparatively  exempt  from  dislocations. 

Sharp  Mountain  Coals,  their  Niimher  and  unusual  Position. — The  S,  side  of  this  basin,  or 
that  included  in  the  N.  slope  of  the  Sharp  Mountain,  embraces  a  thick  series  of  Coal-measures, 
containing  apparently  nineteen  or  twenty  separate  seams,  counting  with  the  larger  ones  those  of 
1  or  2  feet  in  thickness.  From  the  squeezing  attendant  upon  the  inversion  of  the  strata  above 
alluded  to,  very  few  of  these  are  in  a  permanently  minable  condition,  nor  are  we  sure  that  we 
know  the  average  dimensions  of  a  number  of  them. 

Throughout  this  Western  district  of  the  coal-field,  all  the  lower  coals  lie  outside,  or  to  the 
S.  of  the  main  or  higher  crest  of  the  Sharp  Mountain,  or  of  those  hard  and  massive  ribs  of 
coarse  conglomerate,  which,  at  the  passes  of  Swatara,  Eausch,  and  Lorberry  creeks,  constitute  the 
comb  of  the  ridge.  This  position,  so  unlike  that  which  they  observe  further  E.  in  the  coal-field, 
where  the  main  crest  of  the  mountain  is  the  S.  limit  of  all  the  coal,  is  due  to  a  remarkable 
change  in  the  type  and  composition  of  the  lower  Coal-measures  in  their  extension  Westward. 
Instead  of  consisting,  as  at  Pottsville  and  farther  E.,  in  the  lower  800  feet  or  so  of  a  large 
proportion  of  ponderous  and  pebbly  strata,  interleaved  with  coarse  sandstones  and  relatively 
little  shale,  and  no  coal-seams  whatever  beyond  one  or  two  impure  layers  2  or  3  inches  thick, 
the  group  here  embraces  an  alternation  of  conglomerates  and  sandstones  Avith  numerous  beds  of 
coal-shale  and  coal  itself,  converting  the  non-productive  underlying  Serai  conglomerate  into  a 
true  coal-bearing  formation,  or  a  lower  productive  group  of  the  Coal-measures.  Our  engraved 
Sections,  illustrating  the  state  of  things  at  Swatara,  Eausch,  and  Lorberry  gaps,  show  that  the 
main  mass  of  the  Sharp  Mountain  there  includes  two  principal  ribs  or  groups  of  thick  beds  of 
the  coarse  conglomerate,  one  adjacent  to  the  Umbral  red  shale,  the  other  further  N.,  eight  or  ten 
coals  higher  in  the  series  ;  it  is  to  these  two  solid  ribs  that  the  mountain  owes  its  two  craggy 
crests,  which,  adjacent  to  the  river-gaps  above  mentioned,  are  excessively  torn  and  precipitous. 
The  condition  of  things  now  described  prevails,  under  modified  features,  throughout  all  the 
Western  districts  of  the  Southern  and  middle  coal-fields ;  namely,  in  the  conglomerate  measures  of 
the  mountains  bounding  the  Dauphin,  the  Wiconisco,  and  the  Shamokin  basins.  A  f idler 
description  of  the  special  phases  assumed  by  these  lower  coal-strata  in  each  of  those  Western 
districts  is  reserved  for  a  future  chapter,  but  this  is  the  appropriate  place  to  note  that  this 
remarkable  alternation  of  productive  coal-seams  with  the  lower  layers  of  conglomerate  is  a 
feature  characteristic  of  the  formation  everywhere  W.  of  the  meridian  of  Tremont  and  Ashland, 
augmenting  progressively  as  we  advance  to  the  W.  and  N.W.  It  may  be  due  to  either  of  two 
causes  ;  an  intercalation  of  beds  of  coal  among  the  beds  of  conglomerate  and  sandstone  con- 
stituting the  barren  Serai  conglomerate  of  the  country  Eastward,  or  a  thinning  down  of  that 
conglomerate,  and  a  commensurate  increase  of  pebbly  matter  in  the  sandstones  of  the  lower 
productive  Coal-measures.  The  first  assumption  implies  a  comparative  permanency  in  the  con- 
glomerate, and  an  insertion  of  new  coal-seams  between  its  subdivisions  ;  the  second  supposes  a 
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comparative  constancy  in  the  coal-beds,  and  an  intrusion  of  conglomerates  or  conglomeritic 
matter  between  them.  No  explorations,  short  of  extensive  and  connected  mining  and  coal- 
shafting,  will  efiectually  determine  to  which  cause  we  are  to  impute  the  change  of  type  in  the 
strata.  Most  probably  it  will  prove  to  be  the  result  of  both  causes  combined  ;  for  it  is  incom- 
patible with  a  sound  theory  of  the  production  of  our  Coal-measures,  to  take  for  granted  that 
either  class  of  deposits — the  coal-beds  or  the  mechanical  sediments  interstratified  with  them — 
are  continuous  over  very  wide  spaces.  I  am  inclined,  however,  to  attribute  the  alternation  of 
coal  and  conglomerate,  near  the  base  of  the  formation,  to  the  actual  introduction,  in  the  Western 
district,  of  fresh  beds  of  the  former  during  the  deposition  of  the  latter,  and  to  those  beds  thin- 
ning out  and  disappearing  from  absence  of  the  requisite  vegetable  matter  or  conditions  of 
vegetable  gTOwth  towards  the  E.  Among  other  reasons  for  this  opinion,  I  will  suggest  in  this 
place  two  apparently  conclusive  ones.  The  one  is,  that  we  may  actually  trace  some  of  the  valuable 
thick  coal-seams  of  the  Western  end  of  the  Shamokin  and  Pottsville  basins,  from  station  to  station, 
Eastward,  under  continually-declining  dimensions,  until  they  actually  thin  down  to  insignificant 
layers.  The  other  argument  is,  that  the  W.  or  N.W.  is  not  the  usual  direction  towards  which 
the  fragmentary  or  pebbly  matter  of  the  formation  is  known  to  increase  in  relative  quantity  and 
coarseness,  but,  on  the  contrary,  is  the  very  quarter  towards  which  all  the  mechanical  sedimentary 
matter  of  oiu:  coal-formation  grows  progressively  finer  and  less  abundant. 

Between  the  red  shale  on  the  S.  and  the  axis  of  the  oblique  folded  synclinal  flexure  at  the  N. 
base  of  Sharp  Moimtain,  we  may  count  twenty  separate  beds  of  coal  of  all  thicknesses,  from  1 
or  2  feet  to  10  or  12  feet.  At  no  one  of  the  three  gaps  W.  of  Tremont  have  the  whole  of  this 
series  been  as  yet  exposed,  but  by  collating  the  assembled  facts  of  the  three  Sections  we  are 
enabled  to  identify  the  number  here  specified.  Nine  out  of  the  twenty  occur  between  the 
main  thick  rib  of  conglomerate,  at  the  base  of  the  whole  formation,  forming  the  S.  crest  of  the 
mountain,  and  the  thinner  bed  of  even  coarser  pebbly  rock  belonging  to  the  N.  crest  :  of  these 
nine,  five  are  apparently  too  thin  for  mining,  and  the  other  four  are  of  good  workable  dimensions ; 
the  lowest  is  from  4-|  to  6  feet  thick,  the  next  1 0  or  1 2  feet,  the  next  6  feet,  and  the  fourth,  called 
here  the  Peacock  Coal,  is  also  thick,  but  of  very  variable  size.  Between  the  coarse  Egg-con- 
glomerate of  the  N.  crest  of  the  mountain,  and  the  synclinal  axis  near  the  E.  and  W.  reach 
of  the  Swatara,  five  of  the  eleven  coals  developed  would  appear  to  be  thin  ones,  while  of  the 
remaining  six  the  Zimmerman  is  4l  feet  thick  ;  the  Umberhower,  two  coals  higher,  is  3^  feet ; 
the  next  coal  is  4^  feet ;  the  next,  a  squeezed  coal,  is  4^  feet ;  the  next  is  5  feet  ;  and  the  Grey 
Coal,  the  highest  of  the  whole  series,  is  from  12  to  14  feet. 

The  exact  position  of  the  synclinal  axis  of  the  basin  is  not  clearly  marked  E.  of  the  Sw^atara 
Gap,  but  it  coincides  nearly  with  the  S.  foot  of  Eed  Mountain  :  at  the  Rausch  and  Lorberry  valleys 
it  is  well  defined,  and  is  there  somewhat  nearer  the  anticlinal  axis  of  Red  Mountain. 

Throughout  all  this  district — indeed,  from  the  Pottsville  Gap  of  Sharp  Mountain  as  far  as 
Dauphin  County — the  strata  of  Sharp  Mountain  are,  as  already  intimated,  tossed  N.  beyond  the 
perpendicular  ;  in  the  central  part  of  the  ridge,  composed  of  hard  unyielding  beds  of  conglomerate 
and  sandstone,  the  inversion  at  the  notches  connected  with  the  Swatara  amounts,  on  an  average, 
to  about  15° — or  the  S.  dip,  in  other  words,  is  75° ;  but  the  softer  and  more  easily  crushed  strata 
of  the  N,  slope  and  foot  of  the  mountain  have  been  pressed  down  by  the  forward  or  Northward 
motion,  at  the  time  of  the  folding  of  the  trough  into  a  considerably  more  inverted  or  lower 
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S.  inclination.  A  little  study  devoted  to  the  Sections  embodying  our  observations  at  Swatara, 
Eauscli,  and  Lorberry  gaps,  will  enable  tlie  reader  to  apprehend  clearly  all  the  interesting 
relations  of  the  coals  there  developed,  to  learn  what  is  known  of  their  respective  thicknesses  and 
distances  apart,  and  torecognise  their  degrees  of  inversion  ;  it  will  satisfy  him  that  this  part  of 
Sharp  Mountain  is  scarcely  more  promising  a  field  for  largely-planned  mining  enterprise  than 
the  other  portions  of  the  same  ridge  further  E.,  which  I  have  already  reviewed. 


CHAPTEE  XI. 

WICONISCO  AND  DAUPHIN  BASINS,  OR  THE   WESTEEN  BEANCH  BASINS  OF 

THE  SOUTHEEN  COAL-FIELD. 

The  great  Southern  coal-field  forking  beyond  the  broad  anticlinal  plateau  of  the  Little  Lick 
Mountain,  the  Coal  rocks  extend  Westward  in  two  long  and  slender  diverging  troughs,  the  most 
N.  of  these — the  Wiconisco  or  Bear  Creek  Basin,  a  prolongation  mainly  of  the  basin  of  Donald- 
son— and  the  widest  and  shortest  of  the  two,  tapers  to  a  point  in  the  middle  of  Lyken's  Valley, 
about  4  miles  W.  of  Gratztown.  Its  N.  barrier,  the  Thick  or  Bear  Mountain,  is  cleft  nearly  to 
its  base  at  Klinger's  Gap,  giving  outlet  to  East  Bear  Creek.  Its  S.  barrier  is  breached,  but  not 
to  so  low  a  level,  at  Bear  Gap — a  high  notch,  which  discharges  the  West  Bear  Creek  into  the 
Wiconisco.  From  Klinger's  Gap  to  the  synclinal  knob  of  the  Short  Mountain,  in  which  it 
terminates,  the  bed  of  this  valley  rises  progressively,  until  it  terminates  in  that  mountain- 
summit,  and  throws  out  its  lowest  coal-seams  in  the  long  spur  descending  Westward  from  it. 

The  Southern  or  Dauphin  Basin,  though  not  more  than  half  the  breadth  of  the  Wiconisco 
trough,  possesses  nearly  twice  its  length.  There  is  no  breach  of  any  magnitude  in  its  N. 
barrier,  a  high  regular  monoclinal  mountain-ridge,  which,  being  the  fourth  in  order  N.  from  the 
Kittatinny  Valley,  is  commonly  called  the  Fourth  Mountain.  Its  S.  barrier,  the  Sharp  Moun- 
tain, retaining  the  narrowness  and  acuteness  of  crest  which  elsewhere  distinguish  it,  is  broken 
by  six  steep  and  narrow  ravines,  or  high  notches,  which  drain  the  waters  of  the  basin  from  a 
high  interior  level  Southward  down  into  the  exterior  longitudinal  valley  of  Stony  Creek.  The 
first  of  these,  W.  of  the  forking  of  the  basin,  is  the  Gap  of  Fishing  Creek  ;  the  second,  nearly 
4  miles  W.,  is  the  Gap  of  Black  Spring  ;  the  third,  1:^  miles  further,  is  called  Gold  Mine  Gap  ; 
the  fourth,  3^  miles  further  W.,  is  Kausch  Gap  ;  the  fifth,  5  miles  beyond,  is  Yellow  Spring  Gap  ; 
and  W.  of  this  miles  is  a  notch  at  a  still  higher  level,  which  bears  the  name  of  Battling  Eun 
Gap.  From  this  last  ravine  or  outlet  to  the  end  of  the  Coal-measures  in  the  high  narrow 
synclinal  ridge  in  which  the  slender  mountain-trough  terminates,  by  the  coalescing  of  its  two 
barriers,  the  distance  is  about  12  miles.  The  final  closing  together  of  the  North  and  South- 
dipping  lowest  members  of  the  coal  strata  would  appear  to  be  between  5  and  6  miles  E.  of  the 
little  town  of  Dauphin  on  the  Susquehanna.  I  proceed  to  a  sketch  of  the  Coal-measures  of  the 
Northern  or  Wiconisco  Basin. 
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TMs,  the  Northern  of  the  two  Western  branches  of  the  great  Southern  Anthracite  Basin, 
is  bounded  on  the  N.  by  the  monoclinal  South-dipping  ridge  called  the  Bear  Mountain,  a 
prolongation  of  Broad  Mountain  ;  and  on  the  S.  by  a  monoclinal  North-dipping  ridge  called 
the  Big  Lick  Mountain,  prolonged  from  the  anticlinal  Big  Lick  Mountain  of  Donaldson.  Its 
entire  length  from  Donaldson's  Colliery,  or  where  Good  Spring  Creek  leaves  it,  to  its  Western 
end,  is  about  20  miles,  and  its  average  maximum  breadth  between  Donaldson  and  Klinger's 
Gap  is  a  little  more  than  1  mile.  Good  Spring  Creek  and  Eausch  Creek  of  Swatara  drain  its 
Eastern  portion  ;  its  middle  division  is  watered  by  an  East  and  West-flowing  brook,  which  unite 
and  pass  Northward  through  Klinger's  Gap  to  the  Mahantango  ;  while  its  Western  end  discharges 
a  rivulet  through  Bear  Gap  into  the  Wiconisco.  By  these  three  avenues  must  the  valuable  mass 
of  coal  enclosed  within  this  trough  find  egress  to  the  markets.  A  railroad  extends  to  Donald- 
son's  Mines,  and  might  be  readily  prolonged  to  the  summit  at  the  source  of  Good  Spring  Creek. 
Another  railroad  conveys  the  coal  from  Bear  Gap  to  the  Susquehanna,  and  a  third  through 
Klinger's  Gap  has  been  in  contemplation. 

From  a  point  a  little  W.  of  Ellinger's  Gap  to  the  end  of  the  basin,  the  valley  is  a  simple 
synclinal  trough,  the  strata  dipping  inward  on  both  sides  at  an  angle  of  about  45°.  But  opposite 
and  Eastward  of  the  Gap,  the  S.  side  contains  the  anticlinal  flexure  of  Big  Lick  Mountain, 
already  described,  which  produces  a  bench  or  elevated  flat  tract  on  the  N.  side  of  the 
mountain.  The  N.  and  S.  dips  forming  this  anticlinal  are  well  exposed  in  a  deep  and  wild 
ravine,  indicated  on  the  Map  by  a  stream  S.E.  of  the  gap. 

This  portion  of  the  basin  contains  an  enormous  quantity  of  coal,  and  even  a  large  amount 
above  the  water-level.  A  favourite  idea  was  at  one  time  cherished  by  some  persons  to  tunnel 
the  Southern  barrier  of  the  valley  at  a  point  a  little  W.  of  the  commencement  of  the  Section ; 
and  there  can  be  no  question  that  a  tunnel,  once  properly  constructed  there,  would  give  access 
to  a  most  productive  coal-field.  This  was  actually  begun  a  number  of  years  ago.  The  great 
length  of  tunnel  necessary  to  reach  the  best  beds  of  coal,  nearly  three-fourths  of  a  mile,  and  the 
great  hardness  of  a  large  portion  of  the  strata,  would  prove  serious  impediments,  demanding  an 
enormous  outlay ;  and  it  should  be  well  considered  whether  the  two  other  channels  of  outlet, 
partly  executed  by  nature,  and  to  a  great  extent  already  improved  by  art,  may  not,  when 
perfected,  suffice  for  all  the  wants  of  the  region. 

Klinger's  Gap  Coal  Strata. — The  strata  of  the  N.  side  of  the  Basin  are  well  exposed 
at  the  notch  called  Klinger's  Gap.  The  details  there  collected,  taken  in  connection  with  those 
of  Donaldson's  Colliery  on  the  one  hand,  and  those  of  Bear  Gap  on  the  other,  will  give  a 
sufficiently  correct  notion  of  the  general  contents  of  the  basin.  Towards  the  middle  of  the 
valley  higher  coals  occur  than  any  met  with  at  these  locahties,  which,  however,  represent  all  the 
most  important  or  lower  beds,  or  those  which,  rising  highest  above  the  water-levels  of  the 
district,  are  of  easiest  access,  and  which  are  at  the  same  time  the  thickest,  the  soundest,  and  the 
most  valuable  for  the  quality  of  their  fuel.  These  lower  White-Ash  coals  form  a  belt  on  each 
side  of  the  valley,  where  they  rise  high  above  the  stream,  outcropping  in  the  flanks  of  both 
the  enclosing  mountains. 

Klinger's  Gap. — At  this  important  breach  in  the  N.  barrier  of  the  Wiconisco  Basin  the 
coals  are  in  ascending  order. 
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No.  1.  60  feet  from  the  red  shale  is  a  small  2^-feet  coal  shafted  on. 
„  2.  90  feet  further  a  drift  on  a  7-feet  vein,  worked  8  or  10  years  ago.  The  coal  was  good  at  first,  but  squeezed  ; 

the  gangway  was  worked  in  173  feet ;  the  dip  is  rather  more  than  at  Donaldson. 
„  3.  87  feet  to  the  drift  on  a  5-feet  thick  coal,  100  feet  in,  with  oidy  2  feet  of  good  coal. 
„  4.  192  feet  to  an  old  drift  on  a  6-feet-thick  bed  of  good  coal,  worked  in  150  feet. 
„  5.  130  feet  to  a  small  coal,  with  a  drift. 
„  6.  288  feet  to  a  small  coal  shafted  into  on  the  mountain. 

„  7.  372  feet  to  a  coal  11  feet  thick  ;  the  10  feet  of  Donaldson  worked  in  some  distance.    It  is  immediately 

on  the  top  of  a  coarse  Egg-conglomerate  ;  over  it  lie  12  feet  of  slate,  on  the  top  of  which  is  4  feet  of 

solid  coal,  worked  at  the  second  drift,  but  only  5  yards  in. 
„  8.  The  Iron-ore  coal,  2  feet,  is  shafted  on  the  mountain  60  feet  N.  of  the  Lomason  or  Big  Vein. 
„  9.  The  Lomason  or  Big  Coal,  10  feet  thick,  in  two  benches,  the  top  4  feet,  bottom  6  feet  thick  ;  the  ashes 

of  the  bottom  are  white,  of  the  top  grey.    It  was  worked  in  50  yards  ;  the  coal  is  good. 
„  10.  100  feet  to  a  4-feet  coal — the  Black  Heath  Coal,  locally  the  Peacock ;  worked  in  300  yards  ;  very  good  ; 

dip  58°  S. 

„  11.  20  feet  slate  to  the  Black  Valley  Coal,  in  drift,  it  is  24  feet  thick.    It  averages  16  feet  of  coal,  and  has  5 

feet  of  impure  coal  in  the  bottom  ;  it  was  worked  in  for  150  yards. 
„  12.  40  feet  to  a  4-feet  bed  of  good  coal,  with  a  sandstone  top ;  the  gangway  ran  ui  from  12  to  15  yards  ;  it 

had  fallen  in. 

„  18.  40  feet  to  two  small  coals,  shafted  on  ;  2  feet  thick  each,  and  about  6  feet  apart. 

(See  Section  of  the  E.  side  of  the  gap,  Plate  III.  of  Sections.) 

A  plate  of  dark-grey  argillaceous  iron-ore,  very  carbonaceous,  and  full  of  vegetable  fossil  forms, 
lies  immediately  over  coal  No.  8  of  our  Section.  It  is  about  8  inches  thick,  and  is  separated  from 
the  coal  in  the  roof  of  which  it  Ues  by  about  12  inches  of  black  carbonaceous  laminated  slate. 
It  has  been  erroneously  called  the  Black  Band  Iron-ore.  It  is  extremely  interesting  from  its 
partial  resemblance  to  the  proper  blackband  of  Scotland,  to  the  admirable  qualities  of  which 
much  of  the  marvellously  rapid  progress  which  that  country  has  recently  made  in  the  smelting 
of  ii"on  may  be  attributed.  Should  this  stratum  of  the  Bear  Valley  Basin  prove  to  be  generally 
diffu|ed,  and  of  profitable  thickness  for  smelting,  its  proximity  to  the  anthracite  as  a  fuel  would 
confer  upon  it  the  highest  economical  value.  Promising  to  be  superior  in  quantity  and  cheap- 
ness to  many  other  of  the  bands  of  iron  ore  yet  met  with  in  the  anthracite  region,  I  have  given 
it  a  very  careful  examination,  and  the  following  are  the  results  :  The  layer  of  ore  is  strictly  a 
continuous  sheet  within  the  roof-slate  of  the  3-feet  coal-bed  next  N.  of  the  Lomason  seam,  and 
in  such  close  proximity  to  the  coal  that  they  might  be  both  mined  together,  and  the  expense  of 
getting  the  ore  thereby  materially  lessened.  Its  maximum  thickness  is  12  inches.  This  it 
maintains  throughout  the  length  of  the  coal-drift  on  the  E.  side  of  the  gap,  which  is  300  yar(Js 
long.  On  the  W.  side  of  the  notch  its  thickness  appears  to  be  less,  probably  not  more  than  7  or 
8  inches.  The  value  of  the  ore  for  conversion  into  cast-iron  is  materially  impaii-ed  by  the 
presence  of  a  considerable  proportion  of  sulphur,  certain  parts  of  it  being  decidedly  pyritous. 

With  a  view  to  ascertain  the  permanency  of  this  band  of  ore,  I  examined  the  locality  of  the 
old  opening  of  the  great  bed  about  If  miles  E.  of  the  gap,  and  there  discovered  it,  but  was 
convinced,  so  far  as  I  could  infer  from  the  magnitude  of  the  outcrop,  that  it  undergoes,  even  in 
that  district,  a  material  reduction  in  thickness.  Tracing  the  belt  containing  it  to  Donaldson's 
Mines,  it  was  ascertained  that  it  is  there  altogether  absent,  or  only  very  faintly  indicated ;  for 
while  the  coal  and  roof-slate,  which  it  should  accompany,  are  well  exposed,  and  have  indeed  been 
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opened  with  a  view  to  its  discovery,  the  ore  itself  could  not  be  found.  We  shall  presently 
perceive  that  it  is  not  more  persistent  in  the  opposite  or  Western  direction,  and  that  no  trace  of 
it  has  been  detected  at  the  mines  near  Bear  Gap,  though  its  coal-bed  is  readily  identified.  What 
its  more  precise  limits  may  be  in  the  vicinity  of  Klinger's  Gap,  it  is  impossible,  in  the  present 
undeveloped  condition  of  the  locality,  to  ascertain  without  patient  and  prolonged  research. 
Should  it  retain  its  fullest  dimensions  of  10  or  12  inches,  and  prove  pure  enough  for  smelting, 
the  great  cheapness  with  which  it  may  be  mined  must,  I  think,  recommend  it  as  a  promising 
basis  for  iron-works  at  the  gap.  But  even  with  a  thickness  of  12  inches,  the  limited  district 
within  which  it  possesses  this  size  would  soon  become  exhausted,  unless  the  other  argillaceous 
ores  shoidd  prove  to  be  likewise  abundant  and  continuous  ;  and  of  this  fact  we  are  at  present  in 
entire  uncertainty. 

Bear  Gap. — The  natural  transverse  section  of  the  coal-formation  at  Bear  Gap  exposes  the 
strata  in  the  South  Mountain,  dipping  N.  at  angles  varying  from  50°  to  about  30°.  It  is  pro- 
bable that  this  inclination,  which  is  a  favourable  one  for  cheaply  extracting  the  coal,  continues 
with  the  strata  to  near  the  W.  end  of  the  basin,  growing  gradually  less  towards  the  extremity. 
The  average  dip  of  the  same  rocks  in  the  North  Mountain  is  S.  about  40°  or  45°,  and  this  steep- 
ness also  declines  as  we  advance  to  the  W.  On  the  N.  margin  of  the  coal-field,  towards  its  W. 
end,  the  inclination  of  the  beds  is  quite  gentle,  a  condition  which  may  be  highly  profitable,  as 
giving  a  great  breast  or  slant  length  to  the  coal-seams  above  the  water-level  of  the  interior 
valley. 

The  coal-formation  at  Wiconisco  appears  to  contain  two  groups  of  productive  coal-beds, 
together  with  a  few  thin  and  profitless  seams  in  the  intervening  strata.  The  lower  group 
consists  of  four  coals,  the  first  beds  met  with  on  entering  Bear  Gap  from  the  S.  These  are 
enclosed  between  the  conglomerates  and  sandstones  which  immediately  overlie  the  red  shale 
formation,  the  lowest  coal  of  all,  having  but  about  150  feet  of  those  rocks  between  it  and  the 
red  shale. 

The  upper  coals  occur  in  the  very  centre  of  the  basin,  in  the  highest  strata  of  the  section, 
and  are  intersected  in  a  crushed  state  in  the  tunnel.  These  lie  among  hard  grey  argillaceous 
sandstones  and  compact  silicious  slates.  They  are  three  or  four  in  number,  and  are  in  their  least 
disturbed  state  on  the  N.  side  of  the  synclinal  axis,  or  turn  of  the  strata,  in  the  middle  of  the 
basin.  At  the  tunnel,  and  for  a  few  himdred  feet  E.  from  it,  they  are  squeezed,  and  in  a  condition 
unfit  for  mining  ;  but  further  forward,  in  the  same  direction,  they  assume  their  regular  full 
dimensions,  and  are  yielding  on  their  S.  dips  very  excellent  coal. 

Both  the  N.  and  S.  outcrops  of  the  lower  group  will  be  found  several  hundred  feet  outside  of 
the  actual  summits  of  their  respective  mountains,  and  a  considerable  distance  down  from  their 
crests. 

This  lower  series  will  probably  be  found  to  extend  to  the  termination  of  the  coal-basin, 
beyond  where  the  two  mountain-crests  unite,  and  to  sweep  their  lines  of  outcrop  through  the 
E.  part  or  club  end  of  the  mountain-spur  in  which  the  basin  ends,  thus  forming  an  outer  belt 
encircling  the  whole  coal-field.  Each  of  these  coals  spreads,  of  course,  under  the  entire  basin 
We  may  estimate  their  average  height  of  breast  above  the  level  of  the  gap  at  between  400  and 
700  feet,  increasing  as  we  approach  the  extremity  of  the  basin. 

Coal  1. — The  lowest  of  the  whole  group  varies  in  its  thickness,  which,  estimated  between  its 
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top  and  bottom  slates,  is  from  5i  to  7  feet.  It  will  not  be  fair  to  count  upon  more  than  5  feet 
of  good  coal  in  it,  even  where  it  is  unaffected  by  faults. 

Coal  2. — East  of  the  Wiconisco  Gap  this  bed  has  a  thickness  of  10  feet,  and  may  be  esti- 
mated to  produce,  when  sound,  about  8  feet  of  good  coal. 

Coal  3. — This  bed  has  a  maximum  thickness  of  4  feet. 

Coal  4. — Measures  about  3  feet,  and  is,  I  imagine,  nowhere  rich  enough  in  pure  coal  to  be 
profitably  wrought. 

Between  5  and  6  tons  of  coal  to  the  square  yard  of  surface  may  be  considered  as  the 
maximum  yield  of  this  group  .of  beds,  where  they  are  unaffected  by  a  squeezed  condition  of  the 
strata ;  but  so  prevalent  are  faults  or  steps  along  their  lines  of  outcrop  E.  of  Wiconisco  Gap, 
that  I  think  it  will  be  prudent  to  make  an  abatement  for  soft  and  unmerchantable  coal,  and'  to 
estimate  the  actually  available  quantity  as  not  more  than  4  tons  to  the  square  yard,  or  about 
20,000  tons  per  acre. 

Some,  if  not  all,  of  these  lower  seams  have  by  this  time  been  reached  by  the  tunnel  and  the 
North  Mountain. 

The  upper  series  of  coals  is  of  much  more  restricted  limits  than  the  lower,  just  described. 
They  have  their  N.  outcrops  at  Bear  Gap,  over  the  N.  half  of  the  tunnel,  or  immediately  N.  of  the 
central  line  of  axis  of  the  basin.  Their  S.  outcrops,  from  being  near  the  bed  of  the  stream,  which, 
in  approaching  the  gap,  encroaches  more  and  more  S.  of  the  middle  of  the  basin,  are  deeply 
covered  with  debris,  and  have  not  been  yet  detected.  In  the  tunnel,  as  already  said,  all  of  these 
coals  are  squeezed  out  by  faults,  but  Eastward  they  have  been  wrought,  and  are  of  the  following 
dimensions  : — 

The  Hoffman  Coal,  the  lowest  of  this  group,  is  intersected  near  the  N.  end  of  the  tunnel,  and 
is  E.  of  this  locality  about  4  feet  thick.  Its  outcrop  is  rather  high  on  the  inner  slope  of  the 
North  Mountain. 

The  Air-Hole  Coal,  the  next  overlying  bed  of  profitable  size,  is  pinched  to  a  thickness  of  2 
feet  in  the  tunnel,  but  a  few  hundred  feet  Eastward  it  measures  6  or  7  feet. 

The  Etting  Coal  shows  an  average  thickness  of  about  8^  feet,  w^here  it  has  been  mined  500 
or  600  feet  E.  of  the  tunnel. 

The  Pat  Martin  Coal,  the  highest  of  the  series  at  the  tunnel,  has,  when  regular,  an  average 
thickness  of  from  5  to  7  feet. 

Where  these  coal  are  sound,  they  are  all  of  a  valuable  size,  but  from  their  position  so  near  a 
much-compressed  synclinal  axis,  or  turn  of  the  dip  in  the  basin,  I  fear  that,  at  least,  in  the 
vicinity  of  Bear  Gap,  they  will  be  found  in  a  more  damaged  or  soft  state.  The  space  which 
they  occupy  in  the  basin  will  be  found  to  contract  going  Westward,  and  they  wall  not  be  seen 
to  extend  to  the  head  of  the  valley. 

The  Hoffman  Coal  ranges  furthest  Westward  and  occupies  the  largest  area  between  its  N. 
and  S.  outcrop,  and  it  may  reach  nearly  to  the  point  where  the  two  mountains  coalesce.  Each  of 
the  others,  taken  in  the  ascending  order,  wiU  have  a  more  and  more  restricted  area,  and  the  two 
uppermost,  the  Etting  and  Pat  Mai^tin  Coals,  cannot,  I  think,  be  prolonged  very  far  AVestward 
of  the  tunnel. 

What  amount  of  merchantable  coal  this  upper  group  may  contribute  it  is  not  possible  to 
say,  until  a  greater  extent  of  superficial  mining  enables  us  to  trace  the  actual  outcrops  of  the 
seams. 
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So  also  it  would  be  idle  to  attempt  at  present  an  estimate  of  what  is  by  far  the  most  impor- 
tant practical  consideration  relating  to  such  a  coal-field  ;  the  amounts  of  coal  immediately  acces- 
sible at  dificrent  points  above  the  water-levels  of  the  basin,  and  the  quantities  procurable  by 
tunnels,  shafts,  or  other  artificial  inlets.  These  results  depend  on  data  only  procui-able  by  close 
instrumental  surveys,  more  appropriately  conducted  by  the  proprietors  of  estates  than  by  the 
Greological  Survey. 

Looking  at  our  Section  of  the  Wiconisco  Basin  at  Bear  Gap,  the  conversion  of  the  Serai  con- 
glomerate of  the  E.  half  of  the  Pottsville  Basin  into  productive  Coal-measures  of  the  ordinary 
type,  is  even  more  conspicuous  than  in  the  Sharp  Mountain  west  of  Tremont.  In  the  entire 
thickness  of  the  Southern  or  Lick  Mountain,  the  amount  of  coarse  pebbly  rock  does  not  constitute 
more  than  one-tenth  of  the  entire  body  of  the  strata,  the  chief  mass  of  which  consists  of  argillaceous 
sandstones  and  soft  shales.  The  lowest  bed  of  all,  or  that  in  immediate  contact  with  the  Umbral 
red  shale,  has  a  thickness  of  about  40  feet,  while  the  other  pebbly  beds  are  between  20  and  30  feet 
thick.  A  hard  stratum  of  sandstone  about  50  feet  in  depth  forms  the  main  crest  of  the  South  Moun- 
tain, whilst  the  lowest  conglomerate  produces  a  bench  or  high  terrace  upon  its  S.  flank.  Between 
this  conglomerate  outcrop  and  the  main  crest  all  the  four  coals  of  the  lower  group  rise  to  the 
surface  upon  the  outer  terrace,  while  the  other  four  outcrop  at  a  lower  angle  averaging  30°  N.  upon 
the  long  gentle  N.  slope  of  the  mountain  between  its  crest  and  base  in  the  valley  of  Bear  Creek. 

Opposite  Bear  Gap  there  is  a  narrow,  sharp,  compressed  anticlinal  flexure  N.  of  the  middle 
of  the  valley,  which  extends,  in  all  probability,  from  near  the  W.  extremity  of  the  coal-field  a 
long  distance  Eastward.  It  produces  of  coiu'se  two  synclinal  timis  of  the  rock,  where  otherwise 
there  would  be  but  one,  and  is  the  main  cause  of  the  pinched  and  crushed  condition  of  nearly 
all  the  coal-seams  of  the  centre  of  the  basin.  Whether  it  is  merely  superficial,  or  extends  through- 
out the  thickness  of  the  formation,  it  would  be  idle  to  conjecture,  until  a  greater  extent  of  deep 
mining  makes  us  better  acquainted  with  the  nature  of  these  sharp  surface-undulatipns.  This 
narrow  anticlinal  turn  or  sharp  saddle,  and  the  two  synclinal  axes  embracing  it,  are  all  intersected 
in  the  Bear  Gap  Tunnel,  which,  passing  beyond  them,  penetrates  the  South-dipping  coals  of  the 
North  Mountain,  where  there  is  reason  to  presume  the  coal  will  be  in  a  much  more  merchantable 
condition  than  in  either  the  Bear  Mountain  or  the  centre  of  the  valley. 

THE  DAUPHIN  BASIN. 

In  describing  the  Southern  of  the  Western  divisions  of  the  First  Anthracite  Basin,  I  shall  avail 
myself  in  part  of  the  data  collected  and  published  by  the  late  Eichard  C.  Taylor,  Esq.,  of  Phila- 
delphia, an  eminent  and  very  skilful  practical  geologist  and  mining  engineer,  by  whom  this  district 
was  originally  investigated.  While  employing  his  details,  I  must  observe  that  my  own  later 
observations  have  shown  me  that  the  thicknesses  assigned  to  some  of  the  coal-beds  are  too  great. 
A  preliminary  generalised  view  of  the  whole  district  will  aid  the  geological  student,  by  a  clear 
conception  of  its  structure,  to  a  sound  notion  of  the  conditions  under  which  the  coals  exist. 

This  long  and  narrow  trough  of  Coal-measures  is  an  elevated  mountain-valley  of  simple  synclinal 
form,  having  for  its  Southern  barrier  the  crest  of  the  Sharp  Mountain,  and  for  its  Northern  that  of 


*  If  opportunity  permits,  I  shall  introduce  into  the  Appendix  some  recently  gathered  and  more  correct  results 
respecting  the  Dauphin  Basin  and  its  coal-seams. 
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Fourth  Mountain.  From  the  gap  of  Lorberry  Creek  to  its  W.  termination  in  the  synclinal  knob 
which  points  towards  Dauphin,  its  length  is  about  28  miles.  Between  Lorberry  Creek  and  the 
West  Rausch  Gap,  a  distance  of  11  miles,  this  basin,  between  one  outcrop  of  the  conglomerate  to 
the  opposite,  diminishes  in  width  from  about  6000  to  4000  feet,  and  Westward  from  the  latter 
locality  it  continues  to  contract  imtil  the  whole  becomes  a  mere  narrow  belt  in  a  single  synclinal 
ridge,  which  terminates  within  2  miles  of  the  Susquehanna  Eiver.  Advancing  Westward,  the 
general  bed  of  the  valley  progressively  rises,  until,  where  it  is  within  10  or  12  miles  of  the  river, 
it  attains  a  height  of  1200  or  1400  feet,  and  it  retains  this  elevation  to  its  termination.  It  is 
not  so  much  a  valley  in  its  form  as  a  high  narrow  plateau,  belted  on  each  side  by  a  narrow  crest 
only  slightly  elevated  above  the  general  plain.  The  close  proximity  of  the  two  massive  barriers 
of  conglomerate  have  preservedits  softer  coal-rocks  from  any  steep  general  excavation  by  diluvial 
waters.  Near  every  notch  in  its  S.  barrier,  the  bed  of  the  valley,  both  to  the  E.  and  W.,  is 
trenched  by  the  waters  to  a  much  greater  depth  than  elsewhere.  By  these  gaps,  which  are 
confined  to  the  Sharp  Mountain,  the  coal  may  find  a  ready  outlet  into  the  longitudinal  external 
valley  of  Stony  Creek,  a  radroad  having  been  constructed,  with  branches  and  planes  penetrating 
each  gap,  to  convey  it  to  the  Susquehanna  River.  The  basin  holds  throughout  its  length  the 
features  already  represented  as  belonging  to  it  at  the  Lorberry.  The  strata  composing  its  S.  half 
are  all  in  a  perpendicular,  or  even  an  inverted  position,  while  those  of  the  N.  side  dip  S.  at  a  high 
angle.  As  far  nearly  as  the  Yellow  Spring  Gap  this  vertical  dip  of  the  Sharp  Mountain  strata 
continues,  and  indeed  the  beds  are  in  some  locahties  so  much  inverted  as  to  dip  S.  70°  or  80°. 
In  the  same  distance  the  S.  dips  of  the  other  side  diminish  from  about  70°  to  50°.  Beyond 
the  Yellow  Spring  Gap  the  inclinations  of  both  sets  of  strata  grow  progressively  less,  until  at  the 
Big  Flats,  6  miles  from  the  termination  of  the  mountain,  the  dip  is  but  30°  to  the  N.,  and  only 
20°  to  the  S. 

AU  along  the  Sharp  Mountain,  even  to  the  termination  of  the  basin,  the  strata — more 
especially  the  coal-beds  of  the  S.  side — are  to  a  considerable  extent  faulty  or  disturbed  ;  but  this 
is  probably  the  result  rather  of  the  excessive  internal  sliding  pressm-e  produced  upon  them  by  the 
close  folding  of  the  thick  and  ponderous  mass,  than  by  a  wrenching  force  connected  with  any 
great  dislocation.  It  is  worthy  of  note  that  throughout  the  entire  length  of  this  basin  the  strata 
along  the  central  belt  are  in  a  broken  or  crushed  condition,  and  any  attempt  to  reach  sohd  coal 
there  has  been  unsuccessful.  The  close  syncHnal  doubhng  together  of  the  rocks  has  greatly 
bruised  all  the  materials  along  the  axis  of  the  trough. 

I  shall  now  proceed  to  describe  the  coal-beds  of  this  basin.  These  wiU  be  best  illustrated  by 
a  series  of  Sections  constructed  from  the  details  contained  in  the  work  of  Mr  R.  C.  Taylor,  where 
the  reader  wUl  find  the  originals,  of  which  these  are  not  strictly  copies,  but  mollifications  intended 
to  embody,  with  his  measurements,  my  own  conceptions  of  the  structure  of  the  basin. 
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Fig,  181. — Section  at  Black  Spring  Gap,  Dauphin  Basin. 
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At  Black  Spring  Gap,  which  is  26  miles  from  the  Susquehanna,  and  miles  from  the 
Union  Canal  Eeservoir,  mining  explorations  have  brought  to  light  eight  beds  of  coal  in  the  S. 
belt,  and  six  in  the  N.  The  dimensions,  distances  apart,  and  dips  of  these,  are  given  in  the 
accompanying  Section. 

The  Four-Feet  Vein,  the  most  Southern  one  opened,  is  1 70  feet  N.  of  the  vertical  wall  of 
conglomerate  which  here  forms  the  crest  of  Sharp  Mountain.  It  has  a  breast  of  300  feet,  has 
been  occasionally  mined,  and  is  a  pure  free-burning  anthracite. 

The  Peacock  Vein  is  from  6  to  8-g  feet  thick  at  a  shaft  midway  between  Black  Spring  Gap  and 
Mount  Eagle,  but  is  thinner  at  Mount  Eagle.    This  coal  contains  7  per  cent  of  volatile  matter. 

The  Heister  Vein,  10^  feet  thick,  and  with  a  breast  250  feet  high,  had,  when  seen,  a  drift  in 
it  1000  feet  long.    One  layer  of  this  coal  is  excellent. 

The  Grey  Vein. — This  bed  has  been  reported  to  contain  about  14  feet  of  pure  coal,  and  to 
have  a  total  thickness  of  16|  feet,  but  my  own  observations  do  not  confirm  this  statement. 

Iron  Ore  occurs  in  this  group  of  strata,  in  the  shales  S.  of  the  Peacock  Coal,  in  three  layers 
of  balls. 

At  the  Black  Spring  Gap  the  conglomerates  of  the  Sharp  Mountain  and  the  included  coals 
dip  a  little  S.  of  the  perpendicular. 

In  the  centre  of  the  basin  there  is  a  belt  2100  feet  wide  between  the  two  sets  of  coal-beds, 
where  no  coal  has  been  discovered  ;  but  wherever  a  shaft  has  been  dug,  there  has  been  found  a 
great  depth  of  fragmentary  matter,  or  superficial  "  wash." 

On  the  N.  side  of  the  basin  the  several  coals  of  the  series  opened  are,  according  to  Mr 
Taylor,— 

The  Tunnel  Vein,  3-|  feet  thick. 

The  Five-Feet  Vein,  a  good  coal-bed  5  feet  thick. 

The  Lea  Vein,  7  feet  of  good  coal,  with  an  undermining. 

The  Slaty  Vein,  4  feet. 

The  Carey  Vein,  5  feet  of  soft  and  flaky  coal ;  and  the 

Fishhack  Vein,  8  to  11  feet.  This  coal  contains  d\  per  cent  of  ashes,  and  6|  per  cent  of 
volatile  matter. 

The  coal-beds  of  this  N.  group  dip  S.  at  an  angle  of  70°. 

My  own  personal  inspection  of  this  ground  convinces  me  that  the  above-stated  thicknesses  are 
exaggerated. 

At  the  Gold  Mine  Gap,  1^  miles  W.,  the  Peacock,  Heister,  and  Grey  Veins,  and  one  or  two 
more,  have  been  proved  and  opened ;  but  the  next  details  I  shaU  here  present  are  those  of 

Tlie  Rausch  Gap  Section. — Five  miles  W.  of  Black  Spring  Gap  is  Eausch  Gap,  where  the 
coal-beds  have  the  positions  and  dimensions  shown  in  the  following  Section  (fig.  182). 


Fig.  182.— Section  at  Eausch  Gap,  Dauphin  Basin. 

There  have  been  developed  in  the  Southern  belt  at  this  locality  ten  independent  seams,  two 
of  which  are  of  important  dimensions. 
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The  Heister  Vein,  said  to  be  10  feet  thick,  contains  6  feet  of  good  coal. 
The  Grey  Vein  measm-es  9^  feet  of  coal  ;  it  has  been  driven  into. 

It  is  an  interesting  feature  of  the  coals  of  this  locality,  that  they  are  decidedly  bituminous, 
displaying  here  the  first  distinct  manifestation  of  a  transition  from  semi-anthracites  into  the 
more  adhesive  or  dry  coals  of  the  semi-bituminous  class.  We  shall  presently  perceive  that  the 
proportion  of  bitumen  gradually  increases  from  this  point  Westward  to  the  termination  of  the 
basin.  Here  the  composition  of  the  most  Southern  coal-bed  of  the  Section,  the  Pitch  Vein,  is  as 
follows : — 

Carbon,  .  .  .  .  .  .  .       78.90  per  cent 

Volatile  Matter,         ......  11.00 

Ashes,  .......  10.10 

The  analysis  of  the  Heister  Coal  shows  these  proportions  : — 

Carbon,         .  .  .  .  .  .  .73.10  per  cent. 

Volatile  Matter,        ......  10.90 

Ashes,  .......  12.00 

The  coal  of  the  Peacock  Vein  burns  with  a  yellow  flame  for  a  short  time,  denoting  in  it  also 
the  presence  of  bitumen. 

Four  beds  have  been  opened  on  the  N.  side  of  the  basin  at  this  locality  :  one  of  them,  on  the 
summit  of  the  mountain,  is  conceived  to  contain  the  best  coal  of  the  group ;  they  were  not 
wrought  far  enough  to  fully  develop  them. 

Yelloio  Spring  Gap  Section. — About  5  miles  W.  of  Rausch  Gap  is  that  of  Yellow  Spring, 
where,  in  a  series  of  exploratory  shafts,  Mr  Taylor  brought  to  light  the  facts  exhibited  in  the 
following  Section  (fig.  183). 


Fig.  183. — Section  at  Yellow  Spring  Gap,  Dauphin  Basin. 


At  this  locality,  16  miles  from  the  Susquehanna,  the  principal  coal-beds  outcrop  at  an 
elevation  above  the  Pennsylvania  Canal  of  990  feet.  There  are  here  five  separate  beds  discovered 
on  the  S.  side  of  the  basin,  two  of  them  only  partially  proved,  the  other  three  regularly  opened 
within  a  transverse  distance  of  150  feet.  One  of  these,  lying  immediately  N.  of  the  main  bed  of 
conglomerate,  forming  the  backbone  of  the  ridge,  is  called 

The  Backbone  Vein. — It  is  3^  feet  thick,  and  yields  3  feet  of  good  hard  coal.  This  bed 
dips  85°  N. 

By  analysis  the  coal  contains,  according  to  Lea, — 

Carbon,  .......       74.70  per  cent. 

Volatile  Matter,        ......  14.80 

Ashes,  i         .......       10.50  „ 

Our  own  analysis  shows  only  about  10  per  cent  of  volatile  matter. 

The  Kugler  Vein  is  about  6  feet  thick,  and  dips  68°  N.    A  drift  has  been  cut  in  this  bed 
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276  feet  in  length,  and  the  coal  was  everywhere  good.  It  burns  with  a  pure  flame,  and 
contains, — 

Carbon,         .  .  .  .  .  .  .       77.50  per  cent. 

Volatile  Matter,         ......  11.00 

Ashes,  .        '  .  .  .  .  .  .       11.50  „ 

Another  coal-bed  is  3  feet  thick.  This  dips  only  37°  N.,  and  thereby  possibly  indicates  that 
here  the  strata  are  bending  to  form  a  flat  and  shallow  bottom  to  the  basin. 

About  60  feet  N.  of  the  last  is  another  small  coal,  the  size  of  which  is  unknown. 

A  fifth  coal-bed  outcrops  to  the  South  of  the  backbone  of  the  mountain,  but  the  thickness 
of  this  had  not  been  proved. 

On  the  N.  side  of  the  basin  two  or  three  coals  are  seen,  but  they  have  not  been  proved. 

Neither  of  the  large  beds  developed  at  Rausch  Gap  have  been  yet  discovered  at  this  locality, 
and  it  is  questionable  if  they  extend  thus  far  towards  the  W. 

Rattling  Run  Gap. — At  this  ravine,  which  is  the  deepest  in  the  basin,  and  the  nearest  to  the 
Susquehanna,  the  explorations  by  Mr  Taylor  brought  to  light  a  number  of  coal-beds,  of  which 
two  or  three  are  thick  enough  to  be  profitably  wrought.  Here  have  been  disclosed  sixteen  (i) 
outcrops  in  the  Sharp  Mountain,  twelve  of  which  are  on  the  South  side  of  the  belt  of  rock  which 
generally  forms  the  crest,  and  four  are  near  the  summit.  Two  other  coals  of  valuable  dimen- 
sions are  on  the  N.  slope.  The  N.  side  of  the  basin  has  developed  two  or  three  beds.  The  six- 
teen Sharp  Mountain  coals  are  all  thin,  varying  from  1  foot  to  3  feet  in  size,  and,  like  the  coal  in 
the  conglomerate  generally,  are  not  sound  enough  to  prove  profitable,  and  some  of  them  do  not 
merit  the  name  of  proper  coal-seams.    They  have  a  dip  at  the  surface  of  70°  N. 

The  following  details  will  explain  the  composition  of  the  basin  at  Rattling  Run  : — 

1.  The  distance  from  the  red  shale  to  the  lowest  or  the  2|-feet  coal  of  Sharp  Mountain  is  less  than  170 
feet,  chiefly  soft  shale. 

2.  The  next  belt  of  strata,  chiefly  conglomerate,  is  100  feet  wide. 

3.  Slate  and  argillaceous  sandstones  1 40  feet,  embracing  foiu-  thin  beds  of  coal. 

4.  Argillaceous  rocks,  inclucUng  two  thin  coals,  130  feet. 

5.  Hard  conglomerate,  100  feet  wide, — contains  one  small  ct)al. 

6.  Argillaceous  strata,  160  feet  wide  at  the  surface,  with  three  coals. 

7.  Conglomerates  and  sandstones,  with  thin  layers  of  slate,  300  feet. 

8.  Grits  and  argillaceous  strata,  chiefly  the  latter,  240  feet, — three  coals. 

9.  Conglomerates  and  sandstone,  with  a  few  soft  strata,  450  feet, — one  coal. 

10.  Alternating  grits  and  shales,  1000  feet.  In  this  space  is  embraced  the  two  best  coal-beds  of  the  tract. 
It  also  embraces  the  obscure  and  broken  ground  in  the  middle  of  the  basin. 

11.  The  strata  of  the  Fourth  Mountain,  from  the  coal  to  the  red  shale  on  its  N.  slope,  are  about  2800  wide, 
with  a  dip  of  46°  S. 

The  entire  breadth  of  the  belt  from  red  shale  to  red  shale  is  5590  feet. 

A  feature  which  deserves  attention  in  this  Section  is  the  occurrence  of  so  many  thin  coal- 
beds,  and  of  so  much  soft  argillaceous  rock  throughout  the  conglomerate,  or,  more  strictly,  the 
merging  together  of  the  lower  Coal-measures  and  the  Serai  conglomerate,  the  division  between 
which,  adopted  purely  for  convenience  sake,  we  have  seen  all  along  to  be  arbitrary.  The 
position  which  the  crest  of  Sharp  Mountain  occupies  in  the  formation  depends  manifestly  on  the 
place  occupied  by  the  hardest  and  most  massive  stratum  of  conglomerate,  since  this  would  most 
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1311  abmie  Canal. 
1639  above  TiJf. 


Fig.  184. — Section  at  Big  Flats,  DaupMn  Basin. 


resist  the  wearing  action  of  floods  ;  therefore  at  this  locality,  where  the  inferior  rocks  are  the 
softest,  and  include  beds  of  coal,  these  have  their  outcrop  to  the  South  of  the  summit. 

Of  the  coal-beds  here  discovered  the  most  important  is  that  called  the  Perseverance  Vein. 
This  had  been  mined  in  a  drift  400  feet  long,  and  consisted  of  two  layers  containing  together 
4^  feet  of  coal,  showing  symptoms  of  enlarging. 

On  the  Fom-th  Mountain  a  bed  was  discovered  measuring  3^  feet  thick. 

Big  Flats. — The  following  Section  (fig.  184)  will  explain  the  structure  of  the  basin  at  the 
Big  Flats,  a  table  -  land,  2  miles  in  length, 
about  6  miles  from  the  end  of  the  moun- 
tain, and  4^  W.  of  Battling  Bun.  At  this 
portion  of  its  course  the  middle  of  the  basin 
has  risen  until  it  forms  the  summit  of  the 
one  synclinal  ridge  caused  by  the  approach 
of  the  two  monoclinal  barriers  of  the  basin,  and  the  denudation  of  the  external  softer  strata. 

Between  the  two  outcrops  of  the  red  shale  the  width  of  the  formation  here  is  2500  feet. 
The  elevation  of  the  plateau  above  the  canal  is  1327  feet.  Near  the  very  summit  two  or  three 
beds  of  coal  have  been  proved,  and  one  of  them  ascertained  by  mining  to  be  2|  feet  thick. 
These  dip  18°  N. 

The  following  is  an  analysis  of  this  coal  by  Professor  J.  C.  Boott  : — 

Carbon,         .  .  .  .  .  .  .71.20  per  cent. 

Volatile  Matter,        .  .  .  .  .  .  15.32 

Ashes,  .......  13.16 

Traced  still  farther  Westward,  we  find  the  belt  of  coal  strata  to  grow  narrower  and  more 
shallow  to  the  end  of  the  mountain,  the  last  4  or  5  miles  not  having  a  breadth  of  more  than 
1000  feet.  This  tract  includes  of  course  only  the  very  lowest  portion  of  the  series,  or  rather 
only  the  Serai  conglomerate,  with  the  few  thin  coal-beds  embraced  in  its  inferior  beds.  All  the 
higher  strata  have  been  washed  away. 


CHAPTER  XII. 

MINE  HILL  BASIN,  AND  MINE  HILL. 

In  order  not  to  interrupt  the  continuity  of  description  of  the  closely-united  anticlinal  and 
synclinal  belts  of  the  main  Southern  Coal-field,  I  have  postponed  the  account  of  the  Mine  Hill 
Basin  and  Mine  Hill  to  this  place,  though  a  more  purely  geographical  arrangement  would  have 
introduced  them  in  an  earlier  Chapter  :  indeed,  they  might  have  been  discussed  as  prolongations 
of  the  Basin  C  of  the  foot  of  Locust  Mountain,  and  of  the  anticlinal  flexure  C  of  the  vicinity  of 
Tuscarora ;  but  this  would  have  been  to  dissociate  their  Western  tracts  too  much  from  the 
corresponding  parts  of  the  main  basin. 

It  will  assist  us  to  a  clearer  apprehension  of  the  somewhat  irregular  form  of  the  Mine  Hill 
Basin,  if  we  flrst  examine  the  structure  of  the  anticlinal  ridge  S.  of  it,  called  the  Mine  Hill. 
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STEUCTURE  OF  MINE  HILL. 

In  a  former  chapter  the  Southern  anticlinal  axis  of  the  Eastern  end  of  the  coal-field,  or 
that  of  the  S.  edge  of  the  town  of  Tamaqua,  was  assumed  as  coincident  with  the  main  flexure 
of  the  Eastern  point  of  Mine  Hill.  This  view  of  their  identity,  though  proximately,  is  not 
strictly  correct  ;  indeed,  there  is  every  reason  to  believe  that  the  Sharp  Mountain  axis  C  is  itself 
not  strictly  continuous  as  far  W.  as  the  village  of  Tuscarora ;  and  there  are  still  stronger 
grounds  for  regarding  the  South  Tamaqua  axis,  traceable  apparently  to  Tucker's  Slope,  as 
ranging  considerably  N.  of  the  axis  of  Mine  Hill,  assuming  this  to  be  the  flexure  which  passes 
just  S.  of  the  mouth  of  the  Palmer  Tunnel.  The  Mine  Hill  flexure,  or  group  of  flexures,  is  not 
only  somewhat  out  of  line  with  the  Tamaqua  one,  but  it  is  out  of  direction  with  it,  bearing 
considerably  more  N.  as  it  ranges  W. 

Mine  Hill  may  be  best  described  in  two  divisions,  an  Eastern  and  a  Western,  separated  by 
Mill  Creek.  The  Eastern,  extending  from  Big  Creek  to  Mill  Creek,  is  a  broad  and  nearly 
straight  ridge,  with  a  somewhat  flat  summit — a  Southern  wing,  as  it  were,  of  the  plateau  of 
Broad  Mountain.  The  Western  Section,  embraced  between  Mill  Creek  and  West-West  Branch, 
is  a  straight  and  narrow  ridge,  with  a  somewhat  sharp  crest  and  comparatively  steep  flanks. 
Eastern  Mine  Hill  is  partially  divided  from  Broad  Mountain  by  Big  Creek  on  the  East,  and  by 
Upper  Wolf  Creek  on  the  West ;  but  the  watershed  between  these  streams  is  very  high,  the 
indentation  hardly  there  insulating  Mine  Hill  from  Broad  Mountain.  Silver  Creek  crosses  this 
high  valley  Southward,  and  an  extensive  reservoir  of  its  waters  has  been  constructed  at  its 
passage  across  the  high  valley  by  the  erection  of  an  extensive  dam  of  rude  masonry  ;  this 
reservoir  is  for  the  supply  of  water  to  the  Schuylkill  navigation  during  the  droughts  of  summer. 
The  elevated  shallow  valley  occupied  by  Big  Creek,  by  Upper  Big  Creek,  the  Silver  Creek  Pond, 
and  Upper  WoK  Creek,  is  an  almost  continuous  shallow  coal-basin,  for  coal  has  been  opened  not 
only  on  both  sides  of  Big  Creek,  high  towards  its  source,  but  also  at  the  Silver  Creek  reservoir, 
and  again  at  sundry  points  W.  of  the  Broad  Mountain  Road,  in  the  valley  of  Upper  Wolf 
Creek. 

Eastern  Mine  Hill,  thus  insulated  from  the  Broad  Mountain,  seems  to  embrace  in  its 
central  portion,  or  that  intersected  by  Silver  Creek,  as  many  as  three  anticlinal  flexures  :  the 
most  Northern  of  these  is  the  axis  which,  just  S.  of  the  mouth  of  Upper  Wolf  Creek,. separates 
the  Coal-measures  of  that  basin  from  those  of  the  colliery  at  the  head  of  Mine  Hill  Valley,  long 
known  as  Lawton's  ;  it  is  confined  to  the  N.  brow  of  Mine  Hill,  overlooking  Wolf  Creek.  It  is 
an  acute  flexure  at  Mill  Creek ;  but  whether  it  extends  as  far  E.  as  Silver  Creek,  is  still,  we 
believe,  uncertain. 

The  central  or  main  axis  of  the  ridge  is  that  which  is  visible  on  both  sides  of  Mill  Creek, 
in  a  noble  arch  of  the  conglomerate  and  lower  White-Ash  Coal-measures,  The  span  of  this  arch 
or  wave,  measured  from  the  synclinal  turn  of  Lawton's  Big  Coal  to  the  first  N.  dip  in  the  same 
coal  at  the  foot  of  Johns'  Slope,  is  about  3400  feet ;  it  is  a  fine  example  of  a  flexure  of  the 
regular  normal  type,  the  S.  dips  increasing  as  we  approach  the  axis  from  30°  to  40°,  and  then 
abating,  until  the  strata  flatten  at  the  crest  of  the  wave,  where  the  N.  dips  commence  to  augment 
rapidly  in  steepness,  becoming  soon  as  high  as  60°,  and  even  70  ,  as  we  approach  the  N.  foot  of 
the  wave.    At  this  intersection  of  the  flexure,  three  beds  of  coal  are  met  with  on  both  sides  of 
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the  anticlinal  axis  ;  between  the  conglomerate  and  the  Lower  Big  Seam,  one  of  them  is  steadily 
wrought  on  the  S.  slope,  and  two  of  them  have  been  opened  for  mining  on  the  N.  dip,  but  were, 
from  the  abruptness  of  the  flexure,  found  too  faulty  to  be  pursued. 

The  basin,  or  the  synclinal  flexure  between  this  central  axis  and  the  Northern  one  adjoining 
Upper  Wolf  Creek,  rises  so  rapidly  to  the  Eastward  of  Mill  Creek  that  these  three  lower  coal- 
seams  are  not  likely  to  range  far  along  the  Mountain  in  that  direction.  The  Big  Coal  of  the 
Mine  Hill  Basin  (Lawton's),  conforming  to  this  rise  of  the  synclinal  axis,  does  not  enter  the  face 
of  Mine  Hill,  but  terminates  with  a  spoon -shaped  outcrop  just  W.  of  Mill  Creek.  It  is  difficult 
to  say  whether  this  central  axis  of  Mine  Hill  is  or  is  not  the  same  with  that  which  passes  East- 
ward through  the  point  of  the  ridge  at  Big  Creek,  and  courses  thence  across  Swift's  Creek,  and 
past  the  mouth  of  Palmer's  Tunnel  to  Tuscarora.  As  forming  the  main  crest  of  the  ridge,  they 
may  be  viewed  as  its  central  axis  throughout,  even  though  not  strictly  continuous.  It  is  quite 
probable  that,  like  the  axis  C,  nearly  in  line  with  it  farther  E.,  it  is  made  up  of  shorter  flexures 
ranged  in  echelon.  As  the  main  conglomerate  mass  underlying  the  productive  Coal-measures 
outcrops  upon  the  line  of  this  axis,  high  on  the  Eastern  slope  or  point  of  Mine  Hill,  it  is  ob\aous 
that  the  workable  beds  of  Big  Creek  do  not  ascend  the  Mountain  very  far,  but  fork  into  two 
lines  of  outcrop,  the  South-dipping  one  taking  a  course  already  traced,  along  the  S.  slope  of  the 
ridge  to  Silver  Creek,  the  steeper  North-dipping  one  a  parallel  course  in  the  N.  slope  of  the 
ridse  towards  the  Silver  Creek  dam. 

The  third  or  most  Southern  anticlinal  flexure  of  this  division  of  Mine  Hill  is  the  axisD  of  its 
S.  crest,  or  the  partially-detached  spur  which  I  have  entitled  South  Mine  Hill.  This  flexure 
has  been  already  traced  from  the  Lower  Whitfield  Tunnel  on  De  Long  Creek,  past  the  White- 
Ash  Slope  Mine  of  Casca  William,  and  through  Guiterman's  Seam  of  Silver  Creek  to  the  S.  arch 
of  Mine  Hill  at  Pinkerton's  Colliery  on  Mill  Creek.  E.  of  Silver  Creek,  the  anticlinal  ridge 
marking  this  axis  is  insulated  from  the  main  body  of  Mine  Hill  by  a  high  narrow  valley  contain- 
ing the  lower  White-Ash  Coal-measures,  including  the  Big  Seam  ;  and  W.  of  Silver  Creek,  the 
same  anticlinal  flexure  forms  a  wider  and  longer  spur,  which  is  separated  in  a  somewhat  similar 
manner  from  the  main  summit  of  Mine  Hill  by  the  synclinal  valley  of  Lower  Wolf  Creek,  or  the 
trough  which  embraces  the  N.  outcrop  of  Johns'  Big  Seam  of  Mill  Creek.  The  synclinal  struc- 
ture of  this  last-named  valley  is  plainly  manifested  in  the  features  of  the  district,  and  has  been 
fuUy  demonstrated  by  our  observations  on  the  dip  of  the  strata,  including  the  openings  in  the 
coal-beds.  I  am  not  sure  that  the  E.  point  of  the  basin  of  Johns'  Great  Coal-bed  within  this 
valley  has  yet  been  ascertained,  but  it  is  probably  between  2  and  3  miles  E.  of  Mill  Creek. 

WESTEEN  MINE  HILL. 

In  point  of  structure  and  topography,  the  other  division  of  Mine  Hill,  or  that  lying  W.  of 
Mill  Creek,  is  much  simpler  than  the  Eastern,  just  described  :  it  would  seem  to  contain  but  one 
principal  flexure  of  the  strata,  and  this  a  wave  of  the  true  normal  type,  moderately  gentle  in  the 
inclination  of  its  S.  flank,  and  steep  in  that  of  its  N.  We  have  seen  that  at  Mill  Creek  the 
steepest  S.  dip  of  the  wave  was  about  40°,  and  the  steepest  N.  dip  75\  and  very  nearly  similar 
are  the  slopes  of  the  curve  at  the  passage  of  the  West  Branch,  where  the  ridge,  intersected  to  its 
base,  exposes  another  grand  arch  of  the  conglomerate  and  lower  Coal-measures.    From  IMill  Creek 
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to  the  West  Branch,  or  the  Mine  Hill  Gap,  as  it  is  called,  and  all  the  way,  indeed,  to  "West- West 
Branch,  this  undulation  appears  to  decline  steadily  in  width  and  steepness :  thus  at  Mill  Creek 
the  Serai  conglomerate  rises  almost  to  the  summit  of  the  ridge,  and  the  breadth  of  its  arch 
between  the  two  outcrops  of  the  lowest  coal  is  not  less  than  2100  feet ;  whereas  at  the  passage 
of  the  West  Branch,  though  the  hill  is  lower,  the  conglomerate  is  arched  by  the  lowest  Coal- 
measures  under  the  summit,  and  measures  from  abutment  to  abutment  not  more  than  1650  feet. 
Approaching  the  West- West  Branch,  the  flexure  grows  very  flat,  and  opposite  the  mouth  of  Buck 
Eun  it  is  probable  that  even  its  N.  dips  hardly  exceed  20°.  AVhether  this  flexure  contains  but 
a  single  anticlinal  axis,  or  is  a  little  complex  at  its  crest,  is  not  quite  certain.  I  am  inclined  to 
believe  that  it  embraces  two  axes,  or  is,  in  fact,  a  double  flexure  at  its  summit  a  little  W.  of  the 
Centre  Turnpike.  The  breadth  of  this  part  of  the  ridge,  and  the  bold  shoulder  which  it  throws 
forward  towards  Mine  Hill  Valley  west  of  Newcastle,  imply  that  two  anticlinal  axes  may  here 
lap  past  each  other,  and  produce  between  them  a  narrow  and  shallow  synclinal  trough,  which 
may  even  contain  one  or  two  of  the  lower  coal-beds  of  the  Mine  Hill  Valley,  lifted  obliquely  into 
the  mountain,  as  a  species  of  short  Southern  spur  from  that  basin. 

It  is  obvious,  from  the  foregoing  description  of  Mine  Hill,  that  no  productive  Coal-measures, 
except  in  the  several  localities  we  have  alluded  to,  are  likely  to  be  found  along  the  top,  or  even 
high  on  the  slopes  of  this  ridge,  either  in  its  Eastern  or  Western  sections. 


MINE  HILL  BASIN,  ITS  STEUCTUEE,  COAL-SEAMS,  AND  COLLIEEIES. 

The  Mine  Hill  Basin,  taking  the  name  in  its  largest  sense,  is  the  complex  trough  of  Coal- 
measures  included  between  the  main  anticlinal  crest  of  Mine  Hill,  and  the  S.  brow  or  slope  of 
the  Broad  Mountain.  AU  the  central  part  of  the  belt,  or  that  embraced  between  Newcastle  and 
Heckscherville,  is  a  nearly  simple  synclinal  trough  of  a  normal  curvature  of  the  strata — that  is  to 
say,  the  North-dipping  Coal-measures  S.  of  its  main  synclinal  axis,  in  the  flank  and  at  the  foot 
of  Mine  Hill,  dip  steeply  to  the  N.,  while  those  to  the  N.  of  that  line,  at  the  foot  and  in  the  slope 
of  Broad  Mountain,  dip  S.  at  a  more  moderate  angle.  Towards  both  of  its  extremities,  however, 
this  basin  forks  or  subdivides  into  two  branches.  Of  these  bifurcations  the  Western  is  the  most 
symmetrical.  The  subdividing  of  the  Eastern  end  of  the  belt  is  occasioned  by  the  presence 
there  of  a  narrow  steep  anticlinal  wave,  which,  prolonged  Westward  from  the  N.  brow  of  East 
Mine  Hill,  crosses  MiU  Creek  just  S.  of  the  mouth  of  Upper  Wolf  Creek,  and  ranges  along  the  S. 
slope  of  Broad  Mountain,  almost  directly  in  a  line,  to  meet  the  anticlinal  axis  of  the  Peaked 
Mountain.  This  axis  is  traceable  continuously  from  Mill  Creek  to  the  ravine  of  Butcher  Creek ; 
how  much  further  it  extends  is  uncertain.  It  appears  to  originate  near  the  foot  of  Broad  Moun- 
tain east  of  Coal  Castle,  and  to  make  a  sharp  flexure  in  the  lower  White- Ash  Coal-measures,  rising 
gradually  as  it  advances  Eastward,  until,  at  Kelly's  Hollow  and  the  mouth  of  Wolf  Creek,  it 
insulates  a  narrow  sharp  basin  or  V  of  the  big  lower  coal-seam  between  itself  and  the  main  S. 
slope  or  brow  of  Broad  Mountain.  This  narrow  and  pinched  basin  prolongs  itself  into  the  syn- 
chnal  trough  of  Upper  Wolf  Creek,  and  thence  through  the  Silver  Creek  reservoir  to  the  head  of 
Big  Creek.  Whether  any  of  the  Big  Coal  remains  E.  of  Mill  Creek,  or  in  the  part  of  the  trough 
occupied  by  Wolf  Creek,  appeared,  at  the  time  of  our  observations,  to  be  extremely  doubtful.  As 
a  slender  synclinal  fold  this  narrow  strip  of  the  Coal-measures  may  be  viewed  either  as  a  Northern 
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branch  of  tlie  Mine  Hill  Basin  prolonged  beyond  the  main  Southern  division,  or  as  a  Westward 
extension  of  the  basin  of  Upper  Big  Creek,  contracted  and  pinched  towards  its  Western  termina- 
tion. Our  Section  of  strata  on  Mill  Creek  exhibits  clearly  the  relations  of  this  narrow  com- 
pressed synclinal  belt  at  that  ravine,  to  the  broader  basin  S.  of  it.  The  pictorial  sketch  of 
Montelius's  Open  Mine  in  the  Big  Coal  bed  at  the  synclinal  axis,  illustrates  the  sharpness  with 
which  the  Coal-measures,  conglomerates  and  all,  are  here  folded. 

It  has  been  already  intimated  that  the  main  Mine  Hill  Basin  ends  in  the  table-land  of  Mine 
Hill,  at  no  great  distance  E.  of  Mill  Creek,  the  Upper  or  Big  Coal  not  extending  beyond  the 
stream. 

The  W.  forking  of  the  basin  is  caused  by  the  rising  of  an  anticlinal  axis,  which  originates 
somewhere  E.  of  Heckscherville,  or  is  possibly  a  prolongation  of  that  S.  of  Upper  Wolf  Creek, 
rising  Westward,  and  becoming  the  anticlinal  of  Peaked  Mountain.  This  axis  produces,  with 
Mine  Hill  and  Broad  Mountain,  two  branch  basins — shallow,  symmetrical,  syncHnal  valleys — 
which  rise  Westward  into  the  table-land  at  the  head- waters  of  the  main  Swatara. 

The  more  Northern  of  these  sub-basins,  watered  towards  its  W.  end  by  the  head-stream  of 
the  West- West  Branch,  is  considerably  the  longest.  The  other  or  S.  one,  drained  by  the  rivulet 
called  Buck  Run,  reaches  across  the  West  Branch  into  the  S.  slope  of  Buck  Ridge. 

All  along  the  N.  side  of  the  Mine  Hill  Basin,  the  outcrops  of  the  several  thick  coal-seams  of 
the  lower  White- Ash  group,  with  their  adjoining  soft  shales,  are  plainly  indicated  on  the  slope  of 
Broad  Mountain  in  a  succession  of  soft  indentations  or  vague  terraces,  which  wind  in  and  out  at 
nearly  constant  levels,  dimly  seen  in  the  ravines,  but  prominent  enough  on  the  buttresses  or 
the  spurs  between  them. 

Having  thus  defined  the  general  structure  of  the  belt,  I  shall  now  proceed  to  ofier  some 
details  concerning  the  more  important  collieries  and  coal-beds. 

COLLIEEIES  AND  COALS  OF  MINE  HILL  VALLEY. 

Lawtons  Old  Colliery  Gap. — This  mine  is  seated  in  the  E.  end  of  the  basin. 
The  coal  of  the  Jugular  or  lower  thick  seam  of  the  valley  is  wrought  from  a  slope  descending 
Westward. 

On  the  S.  dip  the  air-holes  ranged  W.  for  900  yards. 

At  the  date  of  our  last  visit  the  Slope  was  down  185  yards.  On  the  N.  dip  the  gangway 
continues  aU  the  way  into  Newcastle  at  the  turnpike  road.  The  dip  on  the  N.  gangway  is  about 
60°  S.,  and  on  the  opposite  or  Mine  Hill  side  of  the  basin  it  is  45'  N.  Under  Newcastle,  at  the 
lower  lifts,  the  two  gangways  are  about  200  yards  apart. 

The  average  thickness  of  the  coal  is  about  1 8  feet  on  the  S.  side,  and  from  15  to  16  feet  on 
the  N.  Above  this  large  bed  is  the  so-called  Seven-feet  Coal,  separated  from  the  main  mass  by 
about  4  feet  of  slate. 

The  benches  or  layers  in  the  Big  Coal  are — 1.  A  bottom  bench  6  feet  thick,  then  15  inches 
of  bony  coal  and  slate  ;  2.  A  1 5-inch  bench  with  smooth  parting  slate,  and  6  inches  of  bony 
coal ;  3.  A  2-feet  bench,  with  smooth  parting  layer  of  slate  ;  4.  A  4-feet  bench,  wnth  smooth  part- 
ing of  slate  ;  5.  A  3-feet  bench,  with  about  8  inches  of  bony  coal.  Then  4  feet  of  black  roof- 
slate  to  the  Seven-feet  Coal. 

The  miners  were  driving  a  tunnel  Southward  from  the  S.  gangway,  to  cut  an  overlying  seam, 
which  is  11  feet  thick.  The  tunnel  was  only  begun,  and  is  in  the  Seven-feet  Coal.  They  expected 
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to  pass  in  the  tunnel  6  yards  of  actual  tliickness  of  slates,  and  above  this  a  conglomerate.  The 
coal  here  looked  for  is  that  which  was  mined  further  W.  in  the  valley,  but  there  is  no  positive 
proof  of  the  presence  of  this  11 -feet  seam.  This  thick  coal  of  Lawton's  Old  Colliery  is  manifestly 
identical  with  that  of  Fogarty  and  Kelly's  Mine  between  Mill  Creek  and  Newcastle,  and  that 
of  Montelius's  old  open  cut. 

A  tunnel  about  200  yards  W.  of  the  bottom  of  the  Slope  has  fully  established  this  point, 
though  the  correspondence  of  the  rocks  on  both  sides  of  the  anticlinal  axis  should  have  estab- 
lished it  long  ago.    The  dip  of  the  measures  at  the  Slope,  and  of  the  Slope  itself,  is  23°  N.  20°  W. 

On  measuring  by  strides  from  the  outcrop  of  the  Pea  and  Nut-conglomerate  below  the  colliery 
to  the  line  of  the  S.  outcrop  of  the  Big  Coal,  we  found  the  distance  to  be  about  250  feet.  This 
corresponds  pretty  nearly  with  the  distance  measured  in  Adams's  Tunnel.  This  ledge  of  conglo- 
merate marks  at  Adams's  the  second  bench,  or,  on  a  flatter  dip,  the  third  bench  above  the  Egg- 
conglomerate. 

BIG  COAL  OF  KELLY'S  HOLLOW. 

After  many  explorations  and  a  long  period  of  uncertainty,  the  structure  and  contents  of  the 
narrow  lateral  basin  of  the  slope  of  Broad  Mountain,  in  the  prolongation  in  the  trough  of  Upper 
Wolf  Creek,  may  be  regarded  as  settled.  It  is,  as  I  have  already  described  it,  a  closely-compressed 
slender  synclinal  trough  of  the  lower  Big  White-Ash  seam,  or  so-called  Jugular  Vein,  of  the  Mine 
Hill  Valley.  For  a  long  time  it  was  believed  that  the  coal  opened  to  the  day  opposite  the  mouth 
of  Wolf  Creek  was  the  Mammoth  bed,  and  that  another  large  coal  lay  underneath  this  or  the 
synclinal  axis,  and  that  it  corresponded  to  the  large  coal  of  Johns'  colliery.  The  succession  of 
the  strata,  as  may  be  seen  in  our  Section,  early  convinced  me  of  the  improbability  of  this  state- 
ment ;  and  actual  explorations  by  mining  have  subsequently  confirmed  the  accuracy  of  the  infer- 
ence, by  showing  the  supposed  subjacent  coal  to  be  merely  the  slender  point  of  the  V  prolonged 
downward  in  the  plane  of  the  synclinal  axis. 

At  Kelly's  Hollow  the  same  thick  coal  had,  at  the  period  of  our  examinations,  been  somewhat 
extensively  wrought  by  Fogarty  and  Kelly,  and  is  now  being  mined  by  other  parties.  The  open- 
ings and  drifts  occur  on  both  sides  of  both  Kelly's  Hollow  and  the  ravine  W.  of  Newcastle,  the 
E.  side  of  which  is  climbed  by  the  Centre  turnpike  ;  indeed,  the  upper  levels  have  been  WTought 
through  to  some  distance  beyond  this  ravine,  the  furthest  air-shaft  being  now  nearly  1000  yards 
W.  of  it.  The  workings  are  chiefly  on  the  South-dipping  coal  of  the  narrow  basin,  where  enor- 
mous cavities  in  the  surface  along  the  bench  of  Broad  Mountain,  which  marks  the  outcrop,  display 
the  thickness  of  the  coal,  and  the  extent  to  which  its  roof  has  fallen  in.  The  dip  of  this  N.  side  of 
the  basin  is  S.  30°;  the  coal  has  been  mined  by  following  the  face  of  the  bottom  slate  :  near  Kelly's 
Hollow  the  breast  or  slant  height  was  110  yards,  and  the  thickness  of  the  seam  30  feet.  It  con- 
sists of  two  main  benches,  a  bottom  one  8  feet  thick,  and  a  top  bench  21i  feet  thick,  separated 
by  a  layer  of  slate  varying  in  breadth  from  4  to  10  inches.  Overlying  the  thick  bench  is  a  bed 
of  slate  2  or  3  feet  thick,  and  above  this  a  3-feet-thick  bed  of  coal,  which  burns  to  a  pink  ash. 

At  Kelly's  Breaker  we  may  see  the  outcrop  of  the  Big  Coal  of  Lawton's  colliery,  the  S.  face 
of  the  hill  showing  its  bottom  rock,  and  the  sandstone  and  conglomerate  beneath  it ;  and  the  rail- 
road ascending  Kelly's  Hollow  cuts  two  coals  in  these  lower  measui'es,  a  3-feet  seam  60  feet  below 
the  Big  Coal,  and  a  4-feet  seam  120  feet  below  the  same  conspicuous  landmark,  all  dii:)ping  gently 
S.  from  10°  to  20°. 
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MINE  HILL  VALLEY,  FEOM  MINE  HILL  GAP  WESTWARD. 

Pine  Knot  Colliery  (Adams  and  Miller). — At  this  colliery,  near  Coal  Castle,  there  is  a  slope 
on  the  Daniel  Coal.  The  distance  down  was  120  yards  :  the  dip  at  the  slope  is  40°  S. ;  East- 
ward it  increases  to  60°.  The  seam  has  a  total  thickness  of  18  or  22  feet.  At  a  fault  to  the  E. 
of  the  workings  it  is  only  4  feet  thick.  It  has  five  benches — a.  bottom  bench,  from  3  to  5  feet 
of  clear  pure  coal ;  hard  slate  fi-om  3  to  4  inches  thick ;  6.  1 8  inches  of  good  coal-parting ; 
c.  a  2-feet  bench-parting ;  d.  a  4-feet  bench  of  bone  and  slate ;  e.  an  1 8-inch  bench-parting  ; 
f.  from  18  inches  to  2  feet  of  slaty  roof. 

Air-shafts  extend  Eastward  about  1000  yards ;  they  met  a  small  fault  at  that  distance. 
The  outcrop  of  coal  keeps  the  foot  of  Broad  Mountain  all  the  way.  There  is  an  opening  on  the 
seam  a  little  W.  of  Newcastle,  about  500  yards  E.  of  Adams's  last  air-shaft. 

Above  this  slope-coal  occurs  a  seam,  varying  in  thickness  from  5  to  8  feet.  The  parting-slate  at 
the  Newcastle  Mine  (Lawton's)  is  regularly  4  feet  thick.  The  top  benches  make  a  kind  of  pinkish  ash. 

On  the  second  bench  of  the  Broad  Mountain,  N.  of  that  which  bears  the  outcrop  of  Adams's 
Coal  (the  Daniel  Vein),  is  a  thick  coal.  This  was  struck  in  a  tuimel  driven  fi'om  the  tip  of  the 
slope  Northwards  about  100  yards,  but  not  precisely  at  right  angles  to  the  strike.  The  dip  in 
the  tunnel  is  40°.  When  struck,  it  was  only  about  5  feet  thick,  in  a  dirt-fault,  but  worked  -E. 
and  W. ;  it  was  found  to  swell  out  into  a  coal  from  20  to  25  feet  thick.  A  large  amount  of  coal 
was  taken  from  it.  The  holes  caused  by  the  fall  show  a  thick  coal.  An  Egg  and  Pea- 
conglomerate  evidently  underlies  the  seam,  as  shown  in  the  fallen  outcrop.  The  dip  of  this  Big 
Coal  would  be  about  60°.    It  has  been  wrought  about  800  yards  E.  fi-om  the  tunnel. 

Before  reaching  the  Jugular,  the  miners  cut  a  small  4-feet  coal  about  half-way.  It  was 
thought  that  the  tunnel  does  not  reach  the  Jugular,  but  the  Tumhling  Coal.  The  tunnel  cuts 
only  one  coal  besides  this,  whereas  there  should  be  two  between  the  Daniel  and  the  Jugular. 
Upon  this  view,  the  outcrop  visited  behind  Adams's  is  the  Tumbling  Coal.  The  interval  between 
the  Tumbling  and  Jugular  at  M'^Giimis's  Mines  is  not  more  than  140  or  150  feet. 

It  is  said  that  the  Jugular  bed  can  be  traced  from  M^Ginnis's,  by  its  bottom  rock,  to  the  air- 
holes at  the  Pine  Knot  Mine.    This  would  seem  to  prove  their  identity. 

I  have  been  informed  by  those  who  drove  and  worked  Adams's  Tunnel,  that  Adams's  Slope 
Coal  is  the  true  Daniel,  and  that  the  vein  cut  at  the  end  of  the  tunnel  is  the  Jugular.  It  has 
there  the  flaggy  sandstone  top,  which  may  be  readily  recognised,  and  the  bench  and  bottom  rock 
can  be  followed  from  M'^Ginnis's.  The  same  measures  are  cut  in  Pajme's  Tuimel,  but  there  are 
five  coals  between  the  Daniel  and  Jugidar. 

A  coal-bed  has  been  opened  next  N.  of  the  Dutchmen's  seam  on  Mill  Creek,  and  in  the  bench 
next  S.  of  the  Egg-conglomerate.  It  contained  6  feet  of  hard  bony  coal.  This  would 
correspond  to  the  coal  opened  on  the  Girard  Road,  on  the  N.  dip,  where  it  was  5  feet  thick.  The 
second  bench  W.  of  this  is  the  place  where,  I  think,  the  Johns'  Coal  lies,  if  it  exist  here.  There 
is  no  seam  known  at  this  point,  but  a  good  mass  of  black  dirt  and  slate.  Below,  or  S.  of  it,  is  a 
dark-grey  sandstone,  much  marked  with  vegetable  impressions,  passing  at  its  base  into  a  ledge  of 
Nut-conglomerate.  Above  is  a  dark-grey  sandstone,  intermixed  with  Pea-conglomerate,  like  the 
rock  of  the  smaU  arch  at  Johns'.  Between  this  last  rock  and  the  Southern  outcrop  of  the  Lawton 
Coal  is  a  coal-seam  4  feet  thick.  It  will  be  seen  that  in  aU  these  particulars  there  is  a 
correspondence  between  the  three  seams  in  Adams's  Tunnel — \\z.,  Lawi;on's,  the  Small  Coal,  and 
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the  Big  Coal ;  and  the  opposite  side  of  Mine  Hill,  where  we  have  Johns'  Seam,  Small  4  feet,  and 
Pinkerton's. 

Lewis  Dougherty  s  Colliery,  E.  Side  of  Mine  Hill  Gap. — This  mine  is  in  the  Daniel  Seam, 
the  N.  dip  of  which  is  from  16  to  20  feet  thick.  The  lower  bench  gives  rather  a,  pinkish  ash. 
There  is  a  coal  from  7  to  9  feet  thick  about  7  yards  above  Dougherty's  Big  Coal. 

The  Jugular  Coal  in  Mine  Hill  Valley  burns  to  a  powdery  white  ash,  except  the  lower  bench, 
which  is  a  fine  pink  ash.    The  dip  of  Dolierty's  large  vein  is  from  65°  to  70°  N. 

Charles  Hill's  Colliery,  W.  of  Mine  Hill  Gap> — Tunnel  and  Boring. — The  first  coal  cut  in 
Hill's  Tunnel  is  the  Daniel,  which  is  12  feet  thick,  and  in  three  benches  ;  then  22  yards  of  hard 
rock  and  sandstone,  to  a  coal  5  feet  thick  in  three  benches  at  the  end  of  the  tunnel.  S.  of  the 
tunnel  we  have  1 5  yards  of  slate  to  a  coal  3  feet  thick — shafted  ;  2  feet  of  coal,  the  rest  bony  : 
then  25  yards  of  conglomerate  and  hard  sandstone,  to  a  coal  9  feet  thick,  in  three  benches  : 
then  16  yards  of  sandstone  to  coal  6  feet  thick,  in  three  benches ;  and  25  yards  to  a  coal  8  feet 
thick,  in  three  benches.  This  last  coal  has  over  it  a  pecuHar  fine-grained  flaggy  sandstone,  which 
we  think  is  the  overlying  rock  of  the  Jugular.  Hill's  boring  on  the  top  of  Mine  Hill  was  under- 
taken for  the  Jugular  coal ;  it  was  down  1 00  feet,  and  had  cut  no  coal.  The  probability  is  that 
it  started  beneath  the  Jugular  Seam.  The  flaggy  sandstone  arches  to  the  E.  of  the  bony  coal ; 
but  at  the  boring  it  is  cut  away,  and  with  it,  we  suppose,  the  coal-bed. 

M-^GiNNis's  Hollow. 

A  careful  examination  of  M'^Ginnis's  Hollow  proves  that  there  is  no  anticlinal  passing 
there.  All  the  dips,  from  the  conglomerate 
to  M'^Ginnis's  Breaker,  are  S.,  except  a  little 
turn,  not  seen  but  inferred,  in  the  position  of 
the  Tumbling  Coal.  (See  Section  at  M'^Ginnis's 
Hollow.) 

Commencing  with  the  Egg-conglomerate,  p^^,  185.-Section  at  McQmnis-s  Colliery,  Coal"castle,  looking  E. 

we  have  a  series  of  coarse  sandstones,  forming  ^  ^"'''^  ^  4oo/ce<. 

four  small  ribs,  a  little  conglomeritic.  This  covers  about  100  yards,  at  an  average  dip  of  30°.  We 
then  come  upon  a  coal  9  feet  thick,  overlaid  by  a  thick  mass  of  conglomeritic  sandstone  and  Nut- 
conglomerate.  The  coal-slate  is  seen  directly  in  contact  with  the  under  surface  of  the  rock,  which 
is  in  sheets  from  6  inches  to  2  feet  in  thickness,  and  weathers  grey.  The  sandstone  and  con- 
glomerate are  about  15  feet  C?)  thick.  The  argillaceous  and  sandy  shales,  exposed  in  some  shafts, 
are  about  30  feet  thick,  followed  by  a  ledge  of  coarse  Nut-conglomerate,  with  sandstone  about 
50  feet  thick.  Here  comes  in  a  coal-seam  11  feet  thick,  overlaid  directly  by  dark-grey  close- 
grained  sandstone,  and  above  this  Pea-conglomerate.  This  space  of  about  40  feet  brings  in  the 
coal  7  feet  thick,  over  which  is  a  heavy  ledge  of  conglomeritic  sandstone  and  Nut-conglomerate, 
formiag  a  prominent  rib  some  25  feet  thick.    This  supports  the  Jugular  Coal. 

Between  the  massive  conglomeritic  sandstone,  below  the  Jugular  and  that  coal,  is  a  mass  of 
coarse  sandstone  and  slate,  from  30  to  40  feet  in  thickness. 

Over  the  Jugular  is  a  coarse  dark-grey  sandstone  and  slate,  which  includes  the  Tumbling  and 
the  Iron  coals,  which  are  not  marked  by  any  decided  ledge,  but  crop  out  in  the  same  bench,  lying 
between  the  top  stone  of  the  Jugular  and  the  coarse  sandstone  and  Nut-conglomerate,  which 
occurs  some  distance  below  the  Mammoth  or  Daniel  Coal.    This  bed  of  conglomerate  marks  the 
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Southernmost  bench,  and  crops  out  a  little  N.  from  the  Breaker.  It  consists  of  pebbly  sandstone, 
including  irregular  layers  and  nests  of  Nut-conglomerate  in  the  lower  part,  and  dark-grey  sand- 
stone and  sandy  slates  above.  The  thickness  here  exposed  is  about  30  feet.  It  contains  in  the 
upper  part  many  fossil  impressions.  The  distance  from  the  outcrop  of  the  Jugular  Coal  to  that 
of  the  Mammoth,  along  the  railroad,  is  390  feet,  at  an  average  dip  of  50°. 
Coals  at  M'Ginniss : — 

L  The  Leiar  Coal,  7  feet  thick,  was  wrought  here  formerly. 

2.  The  Mammoth  or  Daniel  Coal  is  not  wrought  on  the  E.  side  of  the  ravine,  but  is  on  the  W.  Its  average 
thickness  is  from  18  to  28  feet,  in  two  benches  ;  the  lower  from  4  to  8  feet  thick;  then  5  feet  of  slate,  variable  ; 
then  from  18  to  20  feet  of  coal,  sometimes  with  slate-partings.    Dip  35°  S. 

3.  The  Five-feet  or  Iron  Coal  is  not  wrought  by  M'^Ginnis,  being  faulty. 

4.  The  Tumbling  Coal  very  variable  in  some  places.  The  good  coal  is  20  feet  thick  ;  but  it  is  generally  tUi't, 
not  worth  working. 

5.  The  Jugular  Coal  averages  from  40  to  60  feet,  sometimes  of  solid  coal,  and  sometimes  in  several  indistinct 
benches.  When  distinct,  the  lower  bench  is  from  6  to  8  feet  thick,  separating  slates  only  a  few  inches  ;  the 
remainder  is  all  coal,  with  thin  slate-partings.  The  dip  of  the  Jugular  is  about  45°,  becoming  less  ascending  from 
the  road-level  to  the  outcrop.  The  breast  from  the  road-level  to  the  outcrop  is  about  120  yards.  None  of  these 
veins  have  been  wrought  below  water-level.  The  Daniel  Coal  has  been  mined  under  water-level  as  far  as 
M'^Ginnis's  Drift  Mouth  on  the  W.  side  of  the  ravine.  The  Jugidar  Coal  has  been  worked  K  of  the  ravine  about 
1 75  yards,  in  a  line  with  the  openings  on  the  Jugular  at  Adams's.  It  has  been  wrought  W.  to  the  next  colliery 
(Sando's). 

6.  North  of  the  Jugular  is  a  coal  7  feet  thick  ;  20  yards  distant  it  was  not  wrought  here. 

7.  North  of  No.  6  is  a  coal  11  feet  thick  ;  not  wrought  here. 

8.  North  of  this  is  a  coal  supposed  to  be  9  feet  thick,  but  not  wrought  here. 

DYER'S  RUN,  SANDO'S  COLLIERY,  ABOUT  ONE  MILE  WEST  OF  M-^GINNIS'S. 

The  Jugular  Coal  has  been  worked  out  above  water-level  entirely  through  from  this  to 
M'^Ginnis's.    The  pillars  have  since  been  on  fire,  and  the  place  of  this  coal  is  marked  by  a  band 
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Fig.  186. — Dyer's  Run,  Sando's  Colliery,  about  one  mile  W.  of  M'Ginnis's. 

of  burnt  ground  on  the  slope  of  the  Mountain  on  the  E.  side  of  the  hollow  at  Sando's.  The 
colliery  is  on  the  W.  side  of  the  hoUow.  The  direction  of  the  outcrop  of  the  coal  from  Sando's 
Mine  shows  it  to  be  on  the  Jugular.  * 

Sando's  Coal  is  from  12  to  14  feet  thick,  with  a  dip  from  45°  to  35°,  diminishing  as  we  pro- 
ceed. The  work  is  only  begun  of  late.  Its  breast  farthest  in  is  about  140  feet.  The  hill  here 
on  the  S.  side  of  Broad  Mountain  is  lower  than  to  the  E.,  and  is  covered  with  debris. 

The  Tumbling  Coal  has  been  opened  at  M'Ginnis's,  and  found  to  form  a  kind  of  saddle  or 
roll  on  the  dip.  Is  not  this  the  expiring  effect  of  the  saddle  of  the  mouth  of  Wolf  Creek,  here 
dying  out  1 

Sando  enumerates  the  coals  above  the  Daniel  as  follows  :  The  Lelar,  Crosby,  or  KnotweU 
coals,  the  Quaker  Coal,  Willkittie  Coal.  The  Lelar  Coal  is  from  9  to  1 1  feet  thick ;  the  Crosby, 
7  feet ;  and  the  Willkittie  Coal  from  7  to  9  feet. 
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Coals. — Tlie  Church  Coal  had  not  been  exposed,  but  was  probably  1 1  feet  thick. 

The  Crosby  Coal  gangway  is  below  water-level ;  it  was  driven  W.  half  a  mile,  and  a  quarter 
of  a  mile  E.  The  thickness  of  the  coal  was  from  11  to  15  feet,  in  three  benches  ;  the  lower  one 
from  4  to  6  feet  thick,  then  a  soft  undermining  about  3  feet ;  the  middle  bench  2  feet  thick,  with 
a  thin  parting  of  bone  ;  the  top  bench  from  11  to  15  feet  thick. 

The  Lelar  Coal. — There  is  a  slope  on  this  vein  down  86  yards  ;  the  gangways  ran  W.  400 
yards,  and  somewhat  short  of  a  quarter  of  a  mile  E.  The  average  thickness  of  coal  is  6  feet,  in 
two  benches  about  equal,  and  separated  by  2  inches  of  slate. 

Tlie  Daniel  Coal. — At  the  water-level  the  gangway  on  tliis  bed  runs  1^  miles  W.,  and  a 
quarter  of  a  mile  E.  The  breast  is  450  feet  above  water-level ;  its  average  thickness  is  from  20 
to  25  feet,  in  three  benches.  The  bottom  6  feet  of  pm-e  coal,  then  9  inches  bone,  and  from  2  to 
3  feet  of  inferior  coal.  The  middle  bench  is  from  6  to  7  feet  thick,  then  about  6  inches  of  bony 
coal,  and  an  upper  bench  from  4  to  6  feet. 

The  Daniel  Coal  is  certainly  traceable  W.  to  the  next  colliery  (Mecke's)  by  air-shafts,  and  from 
thence  by  workings  on  to  Staunton's  at  Glen  Carbon. 

The  coal  next  N.  of  the  Daniel  has  been  worked  by  a  gangway  at  the  water-level ;  it  was 
about  3  feet  thick  ;  from  slate  to  slate  11  feet. 

The  Jugular  Coal  was  worked  above  water-level  by  drift  ;  the  gangway  was  driven  W.  half 
a  mile,  and  E.  a  quarter  of  a  mile,  or  a  little  over.  The  breast  at  its  highest  point  was  600  feet. 
The  average  thickness  was  30  feet  ;  it  sometimes  reaches  50  feet  in  thickness. 

Benches. — The  top  bench  is  about  5  feet  thick  ;  the  second  about  2  feet  of  bony  coal ;  the 


Fig.  187.— Hecksclierville  Tunnel,  looking  E.— 1  inch  =  200  feet. 


strata  cut  in  Heok- 
scherWUe  Tunnel. 
1  inch  =  200  feet. 


third  about  3  feet  thick  ;  the  fourth  has  about  3  feet  of  bony  coal ;  the  fifth  about 
4  feet  of  good  coal,  and  4  inches  sandrock  ;  the  sixth  has  5  feet  of  sheUy  coal ;  the 
seventh  has  6  feet  of  coal. 

The  Jugular  and  Tumbling  Coals  are  both  affected  by  a  flexure  ;  this  is  no 
doubt  the  dying-out  of  the  anticlinal  seen  towards  the  E. 


THOMASTOWN  TUNNEL. 

This  is  a  quarter  of  a  mile  W.  of  Payne's  Tunnel,  on  the  S.  side  of  the  basin.  It  has  been 
driven  S.  180  yards,  and  cuts  only  one  coal  7  feet  thick,  dipping  N.  37°.  It  was  supposed  by 
some  to  be  the  same  coal  cut  in  Oliver's  Tunnel  in  Peaked  Mountain.    The  distance  between  the 
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outcrop  of  tlie  Crosby  Coal  of  Payne's  Tunnel  and  the  North-dipping  coal  of  Thomastown  Tunnel 
is  700  yards.  The  Thomastown  Tunnel  is  1370  feet  S.  of  the  creek,  and  about  half-way  up 
Mine  HiU. 

OLIVER'S  COLLIERY,  PEAKED  MOUNTAIN, 

A  tunnel  here  was  driven  S.  into  Peaked  Mountain.  It  is  a  double-track  tunnel,  which  cuts 
two  coals.  The  first  is  10  feet  thick,  and  the  Back  Vein  is  16  feet  thick.  The  Back  Coal  is 
probably  the  Big  South  Coal  of  Staunton's  Tunnel  and  the  Crosby  of  Payne,  as  the  following 
considerations  imply : — 

It  is  94  yards  in  Staunton's  Tunnel,  between  the  Daniel  and  the  Big  South  Coal.  The 
Superintendent  at  Oliver's  says  he  has  shafted  on  Peaked  Mountain,  and  found  coal  7  feet  thick  at 
about  the  same  distance  behind  the  Tunnel  Back  Coal.  It  has  a  fine  sandstone  top  corresponding 
with  the  Daniel  Coal.  He  has  also  shafted  3  feet  of  dirt-coal  about  midway  between  the  Back 
Coal  and  the  supposed  Daniel  Coal,  corresponding  with  what  is  seen  in  Staunton's.  The  dip  of 
the  Back  Coal  in  Oliver's  Tunnel  is  50°  N. ;  the  dip  of  a  coal  10  feet  thick  is  52° ;  the  dip  at  the 
mouth  is  54°.  The  gangways  on  the  Back  Coal  run  E.  175  yards,  and  W,  900  or  1000  yards.  On 
the  bed,  10  feet  thick,  the  gangway  runs  30  yards  E.  and  100  W.  There  is  thin  conglomerate 
between  the  10  feet  of  coal  and  the  Back  Coal,  composed  of  nut  and  pea-sized  pebbles. 

MECKESBURG— MECKE'S  WESTERN  TUNNEL. 

This  tunnel  starts  N.  of  the  Crosby  Coal,  and  cuts  about  20  yards  to  the  outcrop  of  the 
Fig.  i88.-Mecke's  Tunnel,  Meckesburg,  looking  B.  Daniel,  then  25  yards  to  the  7  feet  of  coal  of  Staunton's 
1  ,„ck  =  200 /ee«.  Tuuncl,  37  yards  2  feet  to  a  small  bed  3  feet  thick,  50  yards 

to  the  Tumbling  Coal,  and  still  Northward  about  30  yards 
to  the  Jugular.    The  dip  is  about  45°  S.  throughout  :  then 
from  25  to  30  yards  to  the  coal  beyond  the  Jugidar,  in  the 
Eastern  Tunnel,  to  coal  5  feet  thick,  3  feet  of  which  is  good  coal. 

The  thickness  of  the  Daniel  Coal  is  from  6  to  7  feet.  In  the  tunnel  it  was  only  2  feet 
thick,  but  a  gangway  was  driven  W.  about  350  yards,  and  at  60  yards  the  bed  was  of  its  regular 
size.    The  next  or  7-feet  coal  is  the  same  as  in  Staimton's  gangway  W.  400  yards. 

The  Tumbling  Coal  varies  from  2  to  10  feet  in  thickness  ;  it  had  no  gangways  cbiven. 
The  Jugular  Coal  is  from  4  to  20  feet  thick,  its  average  thickness  being  18  feet  :  it  is  some- 
times faulty  ;  the  fault  runs  N.  and  S.,  and  affects  all  the  coals  on  Mecke's  property.   A  gang- 
way was  driven  only  a  short  distance. 

A  5-feet  coal  was  not  reached  in  the  Western  Tunnel.  In  the  Eastern  Tunnel  the  gangway 
was  driven  900  yards  W. 

The  overlying  rock  of  the  Daniel  Coal  is  a  fine  sandstone  :  over  the  Jugular  Coal  is  a  Nut- 
conglomerate  and  sandstone  ;  and  unthr  the  Crosby  Coal  is  slate  all  the  way  to  dirt-coal  in 
Staunton's  Tunnel,  except  a  little  shelly  sandstone. 

GLEN  CARBON— STAUNTON'S  TUNNEI^DUNDAS  TRACT. 

This  tunnel  is  driven  Northward  54  yards  to  a  dirt-vein,  averaging  from  5 'to  9  feet  in  thick- 
ness.   The  miners  ran  on  this  54  yards  Westward,  and  then  tmmeled  N.  and  S. :  54  yards  N.  of 
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the  dirt-bed  they  cut  the  bottom  slate  of  the  Daniel  Coal,  which  vein  is  1 6  feet  thick  there,  but  is 
usually  from  6  to  7  feet.  Before  reaching  the  Daniel  Coal,  two  small  leaders  were  cut,  one  18  feet 
S.,  and  the  other  about  midway  :  the  former  is  always  over  the  Daniel  Coal ;  its  dip  is  about 
45°  S.  from  the  Daniel  bed  :  the  tunnel  runs  16  yards  N.,  and  cuts  a  7-feet  vein,  with  3  feet  of 
workable  coal — the  rest  is  bone  coal. 

Thirty-five  yards  S.  from  this  dirt  coal  (thought  to  be  Payne's  Lelar  or  Slope  Coal),  a  coal 
from  16  to  18  feet  thick,  said  to  be  Payne's  Crosby  Coal,  was  tunneled  and  cut ;  dip  60°.  (Is  it 
not  the  Black  Valley  Coal  and  the  Dirt  Coal — the  Black  Heath  Coal  ?)  The  distances  here 
correspond  well  wath  those  in  Payne's  Tunnel. 

The  gangways  on  the  Daniel  Coal  were  driven  1000  yards  W.,  not  E.  at  all.  The  Daniel 
Coal  Hes  in  four  benches,  with  but  one  parting  of  slate  ;  the  rest  is  bone. 

The  gangway  on  the  7-feet  Black  Coal  was  driven  W.  from  350  to  400  yards.  There  are  five 
benches,  two  of  workable  coal,  the  rest  of  bone. 

On  the  Crosby  Coal,  the  gangway  was  driven  W.  900  yards.  The  coal  usually  lies  in  four 
benches,  but  sometimes  in  only  three,  with  slate  partings.  The  dips  are  more  rapid  in  these 
gangways  in  going  W.    The  coals  are  all  White  Ash. 

EOHREESVILLE— EOHEER'S  MINES. 

At  this  colliery  six  coals  are  opened  in  all.  The  1  st  or  lowest  saddle  is  on  the  turnpike,  or 
a  little  S.  of  the  highest  part  of  the  ridge.  It  has  18  feet  of  good  coal,  500  yards  above  water- 
level. 

The  2d  Coal  crops  out  70  yards  S.  of  the  outcrop  of  the  1 8  feet  of  coal  ;  its  thickness  was 
not  known  ;  it  is  a  rough  hard  coal. 

The  3d  is  a  coal  one  yard  thick,  soft  and  faulty.    It  is  50  or  60  yards  S.  of  No.  2. 

The  4th  is  the  Eoan  Coal,  17  feet  thick  ;  it  yields  about  two-thirds  good  coal,  and  has 
one  yard  of  slate  in  it ;  dips  50°  S.    It  is  about  170  yards  S.  of  the  Saddle  Coal,  No.  1. 

The  5th,  from  1 2  to  15  yards  S.  of  the  Roan  Coal,  is  3  feet  thick,  and  soft. 

The  6th  is  3  yards  S.  of  No.  5,  and  is  one  yard  thick  ;  all  S.  dip.  In  a  tunnel  driving  N. 
near  the  old  sawmiH  they  have  cut  four  coals  within  a  distance  of  50  yards  (1852). 

PEAKED  MOUNTAIN  AND  BUCK  EIDGE  ANTICLINAL,  AND  LIMIT  OF  COAL  IN 
BUCK  EIDGE  BASINS  NOETH  AND  SOUTH. 

Proceeding  to  the  end  of  Buck  Ridge,  on  the  S.  slope,  at  Rohrer's  Mines,  we  behold  the 
upper  Egg-conglomerate  cropping  out  on  a  S.  dip  ;  crossing  the  end  of  the  ridge  Northwards, 
sandstone  dips  12°  S. ;  and  continuing  on,  we  come  upon  the  N.  dips  of  the  same  rocks  on  the 
N.  flank  of  the  ridge,  which  leads  to  the  conclusion  that  the  anticlinal  axis  occurs  in  the  N.  crest 
of  Buck  Ridge.  .^Following  this  N.  dip  of  the  conglomerate  Eastward  to  the  creek,  we  find  that  it 
forms  the  N.  clips  of  the  W.  end  of  Peaked  Mountain,  which  may  be  followed  along  the  axis  to 
the  turnpike.  The  axis  seems  flattened  at  the  road.  The  Peaked  Mountain  axis  of  Rohrer's 
Mines  appears  to  be  but  feebly  felt  at  Oliver's. 

From  an  examination  of  the  rocks  between  Mine  HiU  and  Buck  Ridge,  the  conclusion  arrived 
at  was  that  the  coal  does  not  extend  even  so  far  W.  as  the  head  of  Buck  Run. 

On  the  N.  side  of  Buck  Ridge  we  may  see  the  upper  Egg-conglomerate  in  the  bed  of  the 
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creek,  and  above  this,  sandstones  dipping  flatly  to  the  N.E. ;  and  farther  on,  other  sandstones 
dipping  S.E.  45°. 

There  is  probably  more  coal  in  this  basin  further  W.  than  in  the  basin  S.  of  Buck  Eidge. 

BUCK  EIDGE  AND  PEAKED  MOUNTAIN  ANTICLINAL. 

This  is  the  bold  anticlinal  which  forms  the  high  ridge  N.  of  Mine  Hill,  merging  from  Mine 
Hill  at  a  point  as  far  W.  as  Swatara  Creek,  and  veiy  gradually  sinking  Eastward  :  it  forms  the 
important  axis  which,  as  far  E.  as  Meckesburg,  divides  the  Mine  Hill  Basin  into  that  included 
between  it  and  Broad  Mountain,  and  the  other  between  it  and  Mine  Hill.  At  a  point  about  three- 
fourths  of  a  mile  S.AV.  of  Tobias's  Mount  Pleasant  Tavern,  the  axis  is  arched  by  the  great  lower 
Egg-conglomerate,  with  N.  and  S.  dips  of  about  30°  each.  Traced  Eastward,  it  is  found  to  be 
saddled  by  somewhat  higher  measures,  and  at  the  E.  end  of  the  so-called  Buck  Eidge  we 
find  the  sandstones  and  smaller  conglomerates  which  overlie  the  great  upper  Egg-conglomerate 
forming  a  conspicuous  saddle.  Here,  however,  the  axis  appears  to  occupy  the  N.  brow  of 
the  ridge. 

By  a  careful  tracing  of  the  N.  dips  of  the  great  Egg-conglomerate,  exposed  at  the  E.  end  of 
Buck  Eidge,  across  the  swamp  to  the  most  Western  end  of  Peaked  Mountain,  they  are  seen  to 
correspond  exactly  with  the  North-dipping  measures  of  Peaked  Mountain ;  and  although  the 
course  of  Peaked  Mountain  is  not  at  all  that  of  Buck  Eidge,  the  fact  would  seem  to  be  clearly 
established  that  they  are  formed  by  the  same  great  anticlinal  which,  as  it  declines  suddenly, 
elbows  more  towards  the  S.,  and,  arching  higher  and  higher  coals  of  the  White-Ash  series,  seems 
finally  to  disappear  entirely,  in  the  topography  of  the  country,  about  one-fourth  of  a  mile  S.E.  of 
Meckesburg. 

The  exact  position  of  the  Peaked  Mountain  anticlinal  is  discernible  on  the  turnpike  road 
which  crosses  the  ridge  near  the  Eolirersville  Colliery.  It  is  almost  at  the  flat  low  crest  of  the 
ridge,  a  little  more  than  half  a  mile  S.E.  of  the  Mount  Pleasant  Tavern.  Here  the  lowest  of  the 
Eolirersville  coals  makes  a  saddle  across  the  axis  :  it  is  18  feet  in  thickness.  On  the  S.  side 
of  the  anticlinal  seven  other  coals  have  been  opened,  five  of  which,  in  the  vicinity  of  the 
Eohrersville  Colliery,  prove  to  be  of  workable  thickness,  one  of  these,  Eaun  Vein,  being  in  all 
17  feet  thick,  but  containing  of  good  coal  only  3  or  4  feet.  The  dip  of  this  bed  is  S.  50°. 
The  remarkable  deflection  in  the  anticlinal  of  the  Buck  Eidge,  to  prolong  itself  as 
that  of  the  Peaked  Mountain,  suggests  naturally  a  somewhat  difierent  view  of  the  structure  of 
the  ridge  at  this  place  of  seeming  dislocation,  where  the  abrupt  change  in  the  trend  of  the  ridge 
takes  place.  So  great  an  elbow  in  an  anticlinal  can  hardly  exist  without  considerable  twistings 
and  warping  of  the  strata,  and  is  most  apt  to  be  connected  with  a  doubling  of  the  axis,  producing 
one  or  more  intermediate  dislocated  troughs  or  undulations  ;  and  such  is  possibly  the  case  at 
this  locality.  This  wrenching  of  the  axis  indicates,  in  other  words,  a  lapping  of  one  anti- 
clinal point  past  another,  a  phenomenon  displayed  on  a  grand  scale  in  some  of  the  great  axes 
of  the  Upper  Juniata,  in  Huntingdon  County.  Considering  the  Buck  Eidge  and  Peaked  Moun- 
tain anticlinal  as  one,  we  may  still,  in  accordance  with  this  idea,  adopt  either  of  two  notions 
respecting  the  manner  in  which  it  makes  its  elbow — either  that  the  Buck  Eidge  axis  prolongs 
itself  N.  of  the  Western  end  of  the  Peaked  Mountain  portion  into  the  Northern  Branch  Basin  ; 
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or,  what  appears  to  be  more  probable,  that  the  Peaked  Mountain  axis,  extending  Westward, 
passes  to  the  N.  of  the  Eastern  end  of  the  Buck  Eidge  portion.  For  a  clearer  understanding  of 
this  anticlinal,  the  reader  will  consult  the  Map.  It  becomes  here  an  interesting  question,  how 
far  Westward  this  Western  point  of  Peaked  Mountain  axis  may  enter  the  Northern  Branch 
Basin  on  the  Hartman  Tract.  It  is  difficult  to  conceive  that  so  marked  an  anticlinal  can  either 
expire  so  soon,  or  bend  so  suddenly,  as  not  to  produce  some  elevation  of  the  strata  towards  the 
centre  of  that  basin. 

OF  THE  SOUTH-WESTERN  BEANCH  OF  MINE  HILL  BASIN. 

Of  the  coals  which  enter  Westward  from  the  main  Mine  Hill  Basin,  its  Southern  branch,  or 
that  embraced  between  the  Mine  HiU  anticlinal  and  the  Buck  or  Peaked  Mountain  axis,  no  very 
precise  knowledge  has  yet,  in  the  infancy  of  mining  there,  been  attained.  That  the  Daniel  or 
Great  Mammoth  Coal,  and  those  adjoining  it,  do  not  enter  this  subordinate  basin  far,  but  swing 
their  outcrops  Northward  from  the  base  of  Mine  Hill  to  the  point  of  Peaked  Mountain,  and 
then  inflect  them  Westward  along  the  Southern  side  of  the  Northern  Branch  Basin,  seems  to  be 
the  prevailing  conviction  of  those  who  are  working  these  coals  to  the  Eastward,  and  all  who  are 
best  informed  respecting  the  features  and  structure  of  the  district.  If  such  be  really  the  state 
of  things,  it  is  obvious  that  none  but  the  lowest  White- Ash  coals,  or  those  between  the  horizon 
of  the  Jugular  and  the  upper  Egg-conglomerate,  can  have  a  place  in  this  trough.  It  is  pretty 
certain  that  no  coal-seam — none,  at  least,  of  workable  size — can  extend  as  far  as  the  head  of  this 
basin,  which  is  only  half  a  mile  E.  of  the  watershed  of  the  Swatara  Valley,  for  here  the 
sandstone  over  the  lower  Egg-conglomerate,  which  is  below  any  minable  coal,  itself  forms  the 
bed  of  the  vaUey,  and  therefore  the  more  availaljle  coals  overlying  the  upper  Egg-conglomerate 
can  have  no  existence  so  far  to  the  Westward. 

The  great  White-Ash  coals,  the  Mammoth  and  Jugular  inclusive,  enter  this  basin  some 
distance  Westward ;  the  Jugular,  however,  grows  thin  and  faulty  even  at  Meckesburg,  while  the 
Daniel  (j\Iammoth),  Crosby,  and  contiguous  coals,  stretch  on  Westward  on  the  N.  side  of  the 
basin  at  the  foot  of  Broad  Mountain,  beyond  the  Glen  Carbon  Colliery  ;  but  how  far,  has  not 
been  positively  determined  by  actual  mining  further  than  some  1500  feet  W.  of  the  Glen 
Carbon  Tunnel.  The  outcrop  of  the  Daniel  Coal  has,  however,  been  identified,  it  is  believed, 
almost  as  far  Westward  as  the  forking  of  the  turnpike  near  the  Mount  Pleasant  Tavern.  That 
this  vein  prolongs  itself  into  the  Hartman  Tract,  outcropping,  however,  not  so  near  the  margin 
of  the  valley,  is  quite  probable  ;  but  the  mining  operations  now  commenced  in  this  quarter  Avill 
soon  settle  tliis  locally-important  question.  The  Crosby,  a  higher  coal,  cannot  of  course  extend 
itself  as  far  to  the  Westward  as  the  underlying  Mammoth  Vein  ;  while  the  Jugular,  a  lower  but 
much  more  fluctuating  coal,  having  its  outcrops  on  the  slopes  of  the  ridges,  will  necessarily,  if  it 
exist  at  all  as  a  traceable  or  workable  seam,  throw  itself  considerably  further  forward  before 
it  basins  out  in  turn  towards  the  head  of  the  valley.  All  of  these  coals  are  of  course  to  be 
found  on  the  S.  side  of  the  basin  at  the  foot  or  on  the  slope  of  the  Peaked  Mountain  and  Buck 
Ridge  ;  but  the  coals  there  mined  in  Oliver's  Peaked  Mountain  Tunnel  have  not  thus  far  l^een 
positively  identified,  though  an  impression  prevails  among  the  experienced  that  Oliver's  1 6-feet 
Vein  is  the  equivalent  of  the  Crosby  of  the  Broad  Mountain  side  of  the  basin. 
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IIow  far  Westward  any  productive  coals  extend  towards  the  head  of  this  valley,  present 
developments  do  not  determine  ;  but  sandstones  overlying  the  upper  great  Egg-conglomerate 
have  been  detected  by  us  1^  miles  S.W.  of  the  Mount  Pleasant  Tavern.  Thus  far  the  lowest 
coal-seams  may  probably  extend  in  a  contracted  synclinal  point,  and  their  furthest  prolonga- 
tion will  be  found,  we  suspect,  along  rather  the  S.  side  of  the  valley — a  natural  conse- 
quence of  the  greater  steepness  of  the  N.  or  Buck  Kidge  dips,  over  the  S.  dips  at  the  foot 
of  Broad  Mountain.  However,  it  must  be  observed,  that  W.  of  our  Section,  and  a  little  N. 
of  the  stream  at  the  foot  of  Buck  Ridge,  flattish  dips  to  N.E.  are  seen  in  sandstone ;  while 
further  Northward  a  few  hundred  feet,  another  sandstone  plainly  exposes  a  steeper  dip  of  45°, 
directed  towards  the  S.E.  This  last-named  high  dip,  taken  in  connection  with  the  still  steeper 
inclination  of  50°  S.  in  the  newly-opened  12-feet  coal  of  the  N.  side  of  the  basin,  some  400 
yards  W.  of  Mount  Pleasant  Tavern,  is  certainly  an  encouraging  feature  respecting  the  depth  of 
the  Coal-measures,  and  the  amount  of  coal  in  this  W.  portion  of  this  Northern  Branch  Basin. 

The  coals  opened  (down  to  the  date  of  the  autumn  of  1852)  on  the  Hartman  Tract,  on 
the  N.  side,  with  S.  dips  of  from  45°  to  50°,  are, — 

First  in  ascending  order,  a  rough  coal,  4  feet  thick.  This  will  probably  yield  not  more  than 
2^  or  3  feet  of  good  coal. 

Second,  a  good  coal,  11  feet  thick,  dipping  50°  S.    This  promises  9  feet  thickness  of  good  coal. 

On  the  opposite  or  S.  side  of  the  basin  three  coals  have  been  opened  ;  they  dip  80°  N.  The 
uppermost  of  these,  all  of  which  are  more  or  less  compressed  and  faulty,  is  squeezed  at  its  outcrop 
to  a  thickness  of  3  or  4  feet,  but  further  down  it  is  said  to  be  6  feet  thick. 

The  next  under  it  crops  out  Southward  about  30  feet ;  and  S.  of  this  again,  20  feet  fmi;her, 
rises  another  seam.  I  forbear  to  give  their  dimensions  until  they  shall  have  been  more  thoroughly 
explored. 


CHAPTER  XIII. 

DESCRIPTION  OF  THE  MORE  IMPORTANT  COAL-SEAMS  OF  THE  SOUTHERN  COAL- 
FIELD, WITH  THE  DUPLICATE  NAMES  WHICH  MANY  OF  THEM  BEAR. 

I  HAVE  devoted  much  pains,  in  the  progress  of  the  geological  survey  of  the  anthracite  region, 
to  noting  and  recording  the  characteristic  features  of  the  individual  coal-seams,  to  tracing  the 
variations  of  type  which  they  undergo,  to  ascertaining  their  identity  from  section  to  section, 
and  the  double  names  which  many  of  them  possess.  From  the  circumstance  that,  from  the 
commencement  of  mining  operations,  in  the  S.  basin  especially,  down  to  the  present  day,  the 
chief  collieries  and  explorations  for  coal  have  started  in  the  valleys  which  intersect  the  basins, 
the  identity  of  the  beds,  from  valley  to  valley,  remains  even  yet  imperfectly  known.  In  the 
absence  of  such  knowledge  of  the  equivalencies  of  the  locally  open  beds,  it  was  natural,  indeed 
inevitable,  that  the  miners  should  assign  either  local  names,  or  apply  the  known  names  of  distant 
coals  erroneously,  to  their  own  favourite  seams.  A  desire  to  apply  to  a  newly-found  coal,  or  a 
newly-organised  mine,  the  name  of  some  bed  of  established  repute  nearly  in  the  same  range  with 
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it,  where  a  scrupulous  tracing  of  their  outcrops  might  have  proved  them  dissimilar,  has  added 
not  a  little  to  the  excessive  confusion  of  nomenclature  which  now  exists,  to  the  serious  detriment 
of  the  mining  interests  of  the  region. 

Not  a  few  of  the  disastrous  disappointments  which  attend  mining  enterprise  in  the  Pottsville 
Basin  may  be  attributed  to  the  prevailing  ignorance  of  the  true  range  and  identity  of  its  coal- 
beds,  one  main  source  of  which,  next  to  a  want  of  clear  tracing  of  the  anticlinal  and  synclinal 
flexures,  is  the  confusion  in  the  naming  of  the  coal-beds. 

In  the  hope  of  repairing  this  lack  of  knowledge,  I  have  annexed  to  this  chapter  on  the  indi- 
\'idual  coal-seams,  some  important  notes  upon  the  identity  of  the  coals  known  under  different 
names. 

DESCRIPTION  OF  THE  SEVEEAL  COALS. 

Coal  A  of  Tamaqua. — The  bottom  rock  of  Coal  A  at  Tamaqua  is  a  heavy  Nut-conglomerate, 
with  a  breast  of  700  feet,  and  dipping  at  the  river  about  65°.  A  tunnel  is  driven  to  it  at 
Keinhardt's  Run.  The  thickness  of  the  entire  bed  at  the  river  is  16  feet  ;  it  is  not  worked  to 
the  E.,  and  nothing  therefore  is  known  of  it  in  that  direction  ;  but  to  the  W.  the  gangway  extends 
in  for  about  350  yards.  This  coal  appears  to  be  all  in  one  body,  with  no  parting-slates,  but  a 
good  deal  fissured  and  rubbed. 

Three  coal-seams  have  been  found  N.  of  Coal  A,  but  of  these  nothing  is  known  to  the  W., 
while  they  are  wrought  to  the  E.  at  Nesquehoning ;  that  behind  A  is  probably  the  Nineteen-feet 
bed  at  Nesquehoning  ;  the  next  is  a  5-feet  coal,  and  the  lowest  coal  is  28  feet  thick. 

At  Nesquehoning  there  are  two  other  small  veins  of  coal  still  further  N.,  making  in  all  five 
beds  N.  of  Coal  A,  in  that  region.  Only  three  beds  have  been  discovered  here,  and  these  appear 
to  be  nipped  or  contracted  at  the  outcrop. 

Coal  B  of  Tamaqua. — The  E.  side  of  this  bed  is  not  opened  ;  the  W,  side  dips  about 
65°,  judging  by  the  rocks.  It  crops  out  N.  of  the  first  ledge  of  conglomerates.  The  average 
thickness  of  this  coal  near  the  river  is  about  9  feet,  but  on  the  mountain  it  is  more  than  1 2  feet. 
It  outcrops  about  half-way  up  the  N.  slope  of  the  Locust  Mountain.  It  is  worked  at  the  New- 
kirk  Tunnel. 

The  coal-seam  next  North  of  D  in  Newkirk  Tunnel  (B  or  C  of  Tamaqua)  has  been  driven 
400  yards  E.  and  400  yards  W.  of  the  tunnel.  This  is  strong  Eed-Ash  coal.  200  yards 
W.  of  the  tunnel  there  is  an  air-shaft,  which  is  287-  yards  up  the  breast  ;  the  air-shaft  from  the 
tunnel  is  726  feet  up  the  breast.  200  yards  E.  of  the  tunnel  the  air-shaft  is  549  feet  up  the 
breast.  The  dips  are  severally  30°,  28°,  and  42°.  This  coal-bed  is  faulty  to  the  E.,  1mt  good  to 
the  W.  ;  its  averaoe  thickness  is  about  1 7  feet. 

Coal  C  of  Tamaqua. — This  bed  is  faulty  on  the  E.  side  ;  its  thickness  on  the  river  is  6  or 
7  feet  ;  on  the  W.  side  it  is  8  or  9  feet  thick,  and  it  still  thickens  going  W.  Its  dip  at  the 
river  is  from  55°  to  58°.    It  has  been  driven  in  a  AV.  dii-ection  about  900  feet. 

This  coal-seam  exhibits,  in  an  ascending  order,  clay-slate  at  the  bottom,  overlaid  by  2  feet  of 
good  coal ;  then  6  inches  of  slate,  above  that  2  feet  of  good  coal ;  next,  6  or  7  inches  of  slate  ; 
and  then  3|-  feet  of  coal,  overlaid  by  slate. 

Coal  C,  cut  in  Newkirk  Tunnel,  was  there  pinched  down  to  20  inches. 

The  bed  North  of  Coal  D  in  Newkirk  Tunnel,  already  referred  to,  is  no  doubt  the  bed  C  of 
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Tamaqua,  and  not  B,  as  was  supposed.  EatclifFe's  line  of  air-holes  on  D,  west  of  Tamaqua,  are 
extended  to  nearly  opposite  the  end  of  Wigan's  working  in  the  disputed  vein  Eastward  of 
Reinhardt  s  Run.  The  interval  between  the  two  ranges  of  outcrop  is  nearly  the  same  as  that 
between  C  and  D  at  Tamaqua. 

The  Coal  C  at  Tamaqua  is  underlaid  by  about  4  feet  of  slate,  below  which  is  a  thin  coal- 
seam  not  wrought.  In  the  mine  at  Newkirk  Tunnel,  the  slate-bed  is  reduced  in  thickness,  and 
becomes  a  slaty  coal ;  and  the  underlying  coal,  here  3  feet  thick,  is  wrought  with  the  rest.  This 
bench  yields  a  strong  pink  ash.  It  is  interesting  to  ascertain  whether  the  bench  below  the  slate 
at  Tamaqua  Avould  yield  a  coal  of  the  same  kind. 

Coal  D  of  Tamaqua. — This  bed  on  the  E.  side  has  a  thickness  down  in  the  slope  of  fi-om  14 
to  16  feet.  It  has  been  driven  E.  1400  yards  in  the  old  upper  level,  where  a  rock-fault  was 
approached  which  heaved  the  vein  off  to  the  S.E. 

This  bed  displays  on  the  top  level,  in  an  ascending  order,  hard  clay-slate ;  then  3  feet  of 
clean  hard  coal  ;  next,  6  inches  of  slate  ;  above  this,  4^  or  5  feet  of  long-grained  streaky  coal ; 
then  1  foot  of  rough  bony  coal,  overlaid  by  2  feet  of  slate. 

At  a  depth  of  385  feet  below  the  top  of  the  slope  is  found,  in  an  ascending  order — first,  clay- 
slate  ;  above  that,  7  feet  of  clean  hard  coal ;  next,  6  inches  of  slate ;  over  this,  8  feet  of  good 
coal  i  then  1  foot  of  rough  coal  ;  and  on  the  top  2  feet  of  slate  coal,  with  Stigmaria  in  the  coal. 

The  dip  at  the  bottom  of  the  slope  is  68°,  at  the  top  it  is  56°. 

On  the  W.  side  Coal  D  has  been  driven  through  to  Eeinhardt's  Run  on  the  top  level.  The 
coal  is  nearly  the  same  on  the  top  level  as  at  the  E.  side,  both  in  quality  and  thickness,  but 
flattens  in  pitch.  At  Reinhardt's  Run  the  dip  is  only  42°.  The  height  of  the  breast  is  280 
feet  from  the  upper  level  ;  when  on  the  hill  it  is  420  feet. 

Coal  D  has  been  cut  in  Newkirk  Tunnel,  and  also  in  Greenwood  Tunnel. 

At  BuckviUe  Tunnel  the  next  bed  N.  of  Coal  E  has  been  worked  W.  about  1 70  yards.  It  is 
separated  here  from  the  Cross-cut  by  1 0  feet  of  slate.    They  are  here  wrought  together. 

Coal  E  of  Tamaqua. — This  coal-seam  has  been  driven  through  towards  Reinhardt's  Run  to 
■wdthin  300  yards  of  the  Reinhardt's  Run  gangway,  or  600  yards  from  the  tunnel,  in  which  it  is  cut 
and  found  pinched.  The  breast  on  the  last  air-shaft  of  E  is  420  feet.  The  dip  is  here  about 
55°,  but  at  Reinhardt's  Run  42°.  It  flattens  very  little  towards  the  outcrop.  Sometimes  there 
are  four  or  five  benches  on  the  E.  side. 

The  coal-seam  E  of  Tamaqua  exhibits,  in  an  ascending  order — first,  soft  shale  ;  then  4-|  feet  of 
clear  hard  coal ;  afterwards,  9  inches  of  slate  ;  upon  this,  1 2  feet  of  long-grained  streaky  coal ; 
next,  12  or  15  inches  of  slate,  overlaid  by  3  feet  of  good  coal ;  then  2|-  or  3  feet  of  slate  ;  and 
on  the  top,  sandstone  grit. 

Towards  the  W.  this  seam  runs  rather  fiiulty.  On  the  E.  it  has  been  worked  through 
to  the  Greenwood  Tunnel,  in  which  it  is  cut,  and  rates  at  about  the  s&me  dimensions.  At 
Reinhardt's  Run  it  is  reduced  in  dimensions.  In  Newkirk  Tunnel  it  is  found  pinched,  but  to 
the  E.  it  retains  its  thickness. 

This  coal-seam  is  now  worked  through  from  Tuscarora  to  Newkii'k  Timnel.  In  the  timnel 
it  is  only  12  or  15  ftiches  ;  it  has  been  worked  E.  about  800  yards  ;  at  400  yards,  about  12  or  15 
feet  have  been  wrought ;  and  at  600  yards,  30  feet  have  been  worked.  It  then  declines  to  12  or 
15  feet. 
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Coal  E  at  Buckville  has  been  worked  E.  from  the  tunnel  600  yards,  and  the  same  distance  W. 
The  thickness  of  the  coal  is  about  18  feet.  On  the  level,  300  yards  E.  of  the  tunnel,  it  is  driven 
across  to  the  "  Cross-cut "  seam. 

In  the  Palmer  Tunnel,  a  big  seam,  considered  to  be  the  same  as  E  of  Tamaqua,  has  been  cut 
97  yards  N.  of  the  Palmer.  It  has  been  driven  200  yards  E.,  and  about  125  yards  W. 
The  dip  in  the  tunnel  is  65°,  E.  of  the  tunnel  it  declines  to  45°.  W.  of  the  tunnel  it  is  unchanged. 
The  average  thickness  is  20  feet,  and  tlie  height  of  the  breast  285  feet. 

Cross-cut  Coal  of  Tamaqua. — This  bed  is  only  12  feet  S.  of  Coal  E,  and  at  Reinliardt's 
Run  it  is  45  feet ;  it  is  probably  the  principal  bed  at  Buckville.  In  Newkirk  Tunnel  it  is  2-^ 
feet  thick,  and  in  Greenwood  10  feet. 

Sixty  feet  W.  of  Newkirk  Tunnel  it  consists  of  2  feet  of  hard  glassy  coal,  capped  by  one  foot 
of  Bird- eye  coal.    It  is  largely  wrought  on  account  of  its  purity. 

Coal  F  of  Tamaqua. — This  bed  at  the  water-level  is  90  feet  lower  than  the  same  in 
Newkirk  Tunnel.  At  Reinhardt's  Run  it  dips  50°  S.,  flattening  towards  the  synclinal  axis,  the 
dip  being  42°  in  the  bottom  of  the  slope,  and  38°  at  the  top.  The  seam  is  in  two  benches.  The 
bottom  bench  is  tliickest  on  the  E.  side  of  the  river,  being  6  or  7  feet,  while  on  the  W.  side  it  is 
5  feet.  The  top  bench  is  7  or  8  feet  thick  on  the  E.  side,  and  6  feet  on  the  W.  side.  It  is  cut  in 
Greenwood  Tunnel,  and  mined  Eastward  for  about  1^  miles  in  the  tunnel-level.  A  slope-mine 
enters  into  it  at  Carter's  New  Slope  3000  feet  E.  of  G  Tunnel,  500  feet  down  from  the  sm-face. 
The  bed  is  there  from  12  to  15  feet  thick,  and  consists  of  Pinkish  Grey  and  White-Ash  coal.  It 
dips  50°  S.  The  8-feet  lower  bench  is  Pink  Ash.  This  appears  to  be  the  Eleven-feet  Coal  in  Tunnel 
No.  8,  or  first  above  the  large  White- Ash  seam  on  Panther  Creek.  It  has  been  worked  E.  from 
Newkirk  Tunnel  one  mile  above  the  water-level.  In  the  gangway,  450  lower,  it  has  been  worked 
E.  1800  feet.  It  has  been  worked  W.  from  the  tunnel,  above  the  water-level,  600  yards,  where 
a  rock-faidt  comes  in.  In  the  level,  450  feet  lower,  the  same  fault  was  struck  at  300  feet  in 
working  W.    300  feet  have  been  driven  in  the  faidt. 

It  has  been  connected  with  Coal  F  at  Tamaqua  by  a  hole  60  feet  deep  from  the  end  of 
Newkirk  Level.  The  dimensions  at  the  tunnel  at  Newkirk  are  7  feet ;  300  feet  E.  of  the  tunnel, 
17  feet ;  and  600  feet  further  on,  22  feet.    This  continues  to  the  end  of  the  level,  one  mile. 

The  dimensions  are — at  the  tunnel,  11  feet ;  600  yards  W.  of  the  tunnel,  20  feet;  then  it 
is  nipped.    On  a  rise,  90  feet  above  the  level,  it  is  40  feet  thick,  and  faulty. 

The  bed  called  the  Palmer  Vein,  cut  by  a  tunnel  driven  N.  from  the  Slope  at  Tucker's 
Slope,  and  cut  in  the  Palmer  Tunnel,  is  no  doubt  the  F  of  Tamaqua.  At  Tucker's  Slope  it  has 
been  wrought  about  4200  feet  W.  of  Tamaqua,  where  it  struck  a  rock-faidt.  It  was  driven  E. 
about  800  yards,  or  within  75  feet  of  the  line  of  Schuylkill  County. 

A  slope  has  been  put  down  on  this  bed,  285  feet  E.  of  Tuscarora  (Tucker's)  East  line.  This 
is  knovm  to  be  the  outcrop  of  the  F  Coal  of  Buckville,  and  therefore  of  Tamaqua.  In  the 
Palmer  Tunnel  this  bed  is  from  12  to  14  feet  thick.  It  has  been  driven  on  E.  600  feet  to  the 
line,  and  W.  about  2400  feet  to  a  fault,  which  appears  to  have  heaved  the  bed  towards  the 
N.  about  60  feet. 

This  bed  is  138  feet  S.  of  Coal  F  at  Tamaqua,  and  is  there  6  feet  thick.  It  is  cut  in  New- 
kirk Tunnel,  is  3  or  4  feet  thick,  and  in  Greenwood  Tunnel  is  6  feet.  In  Buckville  Tunnel  it  is  5 
feet,  and  has  a  dip  of  35^  S. 
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Buckville. — Here  the  slope  W.  of  the  mouth  of  the  tunnel  is  down  318  feet.  The  dip  is 
40°  or  45°  S.,  and  the  thickness  from  10  to  12  feet. 

A  little  more  than  half  a  mile  E.  of  Tuscarora  village  is  the  coal  of  Tucker's  Slope.  It  is  450 
feet  to  the  bottom  of  the  slope,  270  feet  below  water-level.  It  has  been  driven  135  yards  East- 
ward, and  1200  yards  to  the  W.  A  remarkable  dislocation  was  encountered  at  the  end  of  the 
E.  gangway. 

Bowman's  Slope  on  Keinhardt's  Run  displays  in  an  ascending  order — first,  5  feet  of  good 
coal,  then  3  inches  of  coal-slate,  next  4  feet  of  good  coal  a  little  faulty,  overlaid  by  one  foot  of 
top  clod. 

Grier  Coal  of  Tuscarora. — The  bottom  bench  of  this  coal  is  Red  Ash,  and  is  20  inches  or  2 
feet  thick;  the  top  bench  is  3-|  feet  thick,  and  is  Grey -Ash  coal. 

This  coal-bed  is  worked  by  a  slope  at  the  Newkirk  Colliery  on  Reinhardt's  Run,  at  a  distance 
of  105  yards  S.  of  Coal  F  in  the  tunnel  there.  At  Reinhardt's  Run  it  is  called  Bowman's  Big- 
Coal.  Here  it  is  a  Pink-Ash  coal,  its  regular  thickness  being  9  feet.  100  yards  E.  of  the  tunnel 
there  is  a  faidt  in  the  rock.  In  this  distance  it  varies  from  9  to  40  feet  in  thickness.  The  dip 
at  the  slope  on  Reinhardt's  Run  is  40°  S. 

Tuscarora  Coal  of  Tuscarora,  supposed  to  he  the  Palmer. — This  coal  is  said  to  be  in  two 
benches  :  the  lowest,  4  feet  of  Red  Ash  overlaid  by  4  inches  of  slate  ;  the  upper,  7  feet  of  Grey 
Ash,  with  a  roof  of  fireclay. 

Big  Coal,  or  Mammoth  Coal. — This  cut  is  in  Whitfield's  Upper  Tannel,  on  De  Long  Tract ; 
the  average  thickness  there  is  8  feet,  being  sometimes  1 1  feet,  and  often  only  6  feet ;  it  consists  of 
three  benches,  and  slate  between  the  upper  and  middle  benches  :  the  top  bench  is  sometimes  rough, 
but  the  bottom  one  always  pure.  In  these  features  this  bed  resembles  that  at  Big  Creek.  The 
length  of  the  gangways  to  the  E.  is  1200  feet ;  to  the  W.  it  is  3000  feet  ;  the  coal  is  faulty, 
and  is  from  10  to  20  feet  thick. 

At  Casca  WHliam  this  coal-bed  is  about  18  feet  thick,  and  has  an  average  dip  of  61°  in  the 
slope.  The  gangway  on  the  lower  level  has  been  driven  about  3000  feet  Westward,  and  chiefly 
from  the  slope. 

At  Silver  Creek  the  Big  North  Coal  is  the  same  as  the  Big  Coal  of  Casca  William.  This  is 
proved  by  the  line  of  air-shafts  which  correspond. 

Black  Heath  Coal. — At  Casca  Wdliam  this  bed  averages  about  10  feet  thick,  and  dips  60°  S. 
It  is  composed  of  Grey- Ash  coal.  The  tunnel  is  84  feet  S.  from  the  Big  Coal  bed.  The  gang- 
w^ay  is  about  1500  feet  long.  Between  the  Big  Coal  bed  and  Black  Heath  bed  there  is  a  pebbly 
rock. 

It  is  same  as  the  Big  Coal  bed  of  Silver  Creek.  It  is  worked  by  Miller's  Slope  on  the  Big 
Seam  at  Mount  Lafi'ee.    It  is  12  feet  thick,  and  dips  55°  S. 

Also  in  the  tunnel,  at  the  foot  of  HeUner  s  Slope  on  Wolf  Creek.  Here  the  coal  is  4  feet 
thick. 

Also  in  Serril's  Upper  and  Lower  Tunnels,  between  Wolf  Creek  and  West- West  Branch. 

Under  the  same  name,  though  perhaps  falsely  called,  it  is  worked  at  Middle  Creek  by  drift, 
and  at  Donaldson  by  gangway  in  the  tunnel. 

This  is  probably  the  same  as  the  Lelar  of  Mine  Hill  VaUey,  and  the  dirt-bed  of  Staunton's 
Broad  Mountain  Tunnel. 
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SUdmore  Coal. — At  Casca  William  this  seam  is  47  feet  N.  of  the  Big  Coal,  and  is  4  feet  9 
inches  thick. 

It  has  been  cut  in  Mount  Laffee  Tunnel  on  West  Norwegian. 

Jugular  Coal. — This  seam  averages  from  40  to  60  feet  in  thickness  at  M'^Ginnis's  Colliery. 
It  is  sometimes  solid  coal,  and  sometimes  in  several  indistinct  benches.  When  distinct,  the  lower 
bench  is  from  6  to  8  feet  thick,  and  the  intervening  slates  only  a  few  inches  ;  aU  the  rest  is  coal, 
with  thin  slate-partings.  The  dip  is  4.5°,  becoming  less  as  it  is  followed  up.  It  consists  of  a  veiy 
powdery  White  Ash  Coal  ;  the  lower  bench  is  a  fine  Pink  Ash. 

It  has  been  worked  by  gangway  at  Payne's  Colliery  in  Mine  Hill  Valley,  where  the  average 
thickness  of  the  coal  is  30  feet,  and  also  by  gangway  at  Sando's,  on  the  W.  side  of  Dyer's  Pun. 
On  the  E.  side  it  has  been  burning  for  many  years  past. 

It  has  been  drifted  upon  at  M^Ginnis's  on  Broad  Mountain. 

It  was  supposed  to  be  cut  at  the  end  of  Adams'  Tunnel  north-east  of  Mine  Hill  Gap. 
It  has  been  cut  in  Mecke's  Timnel,  where  the  average  thickness  was  1 8  feet,  and  also  at  Law- 
ton's  Mines. 

Black  Valley  Coal. — At  Casca  William,  42  feet  S.  of  the  Black  Heath,  this  coal,  which  is 
Grey  Ash  verging  on  Eed,  is  7  feet  thick,  and  dips  55°  S.  The  gangway  is  driven  about  675 
yards  Westward.    It  is  cut  and  worked  in  the  Old  Mount  Laffee  Tunnel. 

It  is  also  worked  in  the  slope  on  West  Branch  at  Mine  HiU  Gap. 

It  is  cut  in  Jones'  Tunnel  south  of  J  ones'  Slope,  and  has  gangways  in  it  driven  E.  and  W. 
It  is  cut  in  the  tunnel  from  the  foot  of  Heilner  s  Slope,  Wolf  Creek. 
It  is  also  cut  in  Serril's  two  tunnels  at  the  head  of  Wolf  Creek. 

It  is  mined  in  a  slope-pit  on  West- West  Branch  under  the  name  of  the  Forestville  Coal. 

This  is  cut  at  the  back  end  of  Edwards  and  Morgan's  Tunnel,  on  the  Forest  Improvement 
Company's  lands.  It  is  worked  by  gangways  at  the  new  mines,  where  it  is  called  the  "  White-Ash 
Vein." 

It  is  worked  by  M^Creary  at  Swatara  Falls  and  at  Middle  Creek  under  the  same  name,  and  is 
said  to  be  the  same  as  that  worked  at  Donaldson  under  the  name  of  the  Gardner  Seam,  and  cut  in 
the  tunnel  there,  and  sometimes  called  Holmes'  Vein.  It  is  probably  the  same  as  the  Crosby 
Seam  of  Mine  HiU  Valley. 

Little  Peach  Orchard  Coed. — This  is  worked  on  the  West  Branch  by  a  gin  slope  under  the 
name  of  Oak  Hill  Vein.  It  has  also  been  worked  on  Wolf  Creek  in  a  slope  by  Holman  and 
Company,  where  it  is  from  8  to  10  feet  thick  ;  and  also  on  the  W.  side  of  Wolf  Creek,  in  a  slope, 
by  Eichard  Kear.    Hence  to  the  W.  it  is  frequently  called  Kear's  Vein. 

Primrose  Coed. — Worked  by  Jones  and  Mason  on  East  Norwegian  by  two  sIo^dcs  on  the  N. 
and  S.  sides  of  an  anticlinal.    It  is  4  feet  thick. 

It  has  also  been  worked  by  Morgan  Brace  on  West  Branch  under  the  name  of  Morgan  Vein. 

It  has  been  worked  in  a  slope  by  Heilner,  at  the  head  of  Wolf  Creek,  under  the  name  of  Bast 
^Vhite-Ash.    It  is  from  6  to  12  feet  thick. 

It  was  worked  by  Bast  and  Pearson  on  the  W.  side  of  Wolf  Creek.  There  is  a  slope  upon  it. 
The  coal  is  8  feet  thick. 

The  Primrose  Seam  of  MiU  Creek  had  on  the  E.  side  of  the  working  a  bottom  of  3  feet  of 
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bony  coal,  and  6  feet  of  good  coal,  but  worked  more  to  the  W. ;  it  contained  from  12  to  14 
feet  of  good  sound  coal. 

The  Primrose  Seam  is  cut  in  Kavensdale  Tunnel ;  the  coal  is  there  7  feet  thick.  It  is  cut 
again  at  the  end  of  the  tunnel,  where  it  is,  however,  dirty. 

South  Diamond  Coal. — The  Eed-Ash  Slope  at  Casca  William,  called  the  Luther  or  South 
Diamond  Seam,  has  a  gangway  worked  Eastward  on  the  S.  dip  below  water-level  to  the  Hubley 
Tract.  They  have  worked  it  up  to  the  line  of  the  Bushy  Tract,  The  same  coal  on  Bushy  Tract  is 
the  second  N.  of  the  Lower  Breaker,  and  the  first  S.  of  the  ravine.  It  is  worked  through,  and  dips 
at  about  55°  or  60°.  The  dip  varies,  and  at  Daniel's  is  in  steps.  It  contains  clear  good  Eed-Ash 
coal  5  feet  thick,  with  a  strong  rocky  2-inch  slate  in  it.  The  dip  at  the  slope  is  50°.  It  is 
flatter  on  the  same  level  further  W. 

At  Mill  Creek  the  South  Diamond  Coal  is  4  feet  thick. 

The  South  Diamond  Coal,  drifted  from  Crow  Hollow  eastward  a  short  distance,  is  not  worked 
on  the  W.  side. 

Big  Diamond  Coal. — The  Big  Diamond  Coal  of  West  Branch  and  Wolf  Creek  is  not  the  true 
Big  Diamond  of  Norwegian.  Under  that  name,  however,  it  has  been  drifted  upon  on  West 
Branch,  and  was  worked  in  1852  by  Bast  and  Pearson,  in  their  slope  on  the  W.  side  of  Wolf 
Creek,  where  it  dips  S.,  and  is  5-^  feet  thick. 

The  Big  Diamond  of  Mill  Creek  is  worked  there  by  a  slope,  which  is  450  feet  down,  and  is 
7  feet  thick. 

It  is  found  to  flatten  in  dip  as  it  descends.  About  200  feet  below  water-level  it  is  flat,  and 
then  turns  up.  At  the  flat  part  it  is  more  than  double  the  ordinary  thickness,  but  in  rising  on 
the  N.  dip  it  is  crushed  and  worthless,  and  very  thin. 

The  Big  Diamond  Coal  is  called  the  Green  Park  on  another  dip. 

Little  Diamond  Coal. — A  seam  is  worked  under  this  name  on  West  Branch  by  drift ;  on  Wolf 
Creek  by  Heilner's  Slope,  and  on  West- West  Branch  by  Miller's  S.  Slope.  It  is  supposed  to  be  the 
Big  Tracey  Seam,  being,  however,  two  seams  under  Morris's  Peach  Mountain  of  West- West  Branch. 

Palmer  Coal. — At  Milford  Colliery,  the  so-called  Palmer  Vein  on  the  S.  dip  is  gently 
inclined,  being  not  more  than  1 8°  or  20°,  and  is  a  thin  coal,  rarely  2  feet  thick ;  it  has  there- 
fore not  been  wrought  far  to  the  E.  It  has  been  worked  500  or  600  yards  W.  on  the  upper  and 
lower  gangways.  On  the  N.  dip  the  Palmer  stands  nearly  perpendicular,  but  far  E.  and  at  the 
tunnel  it  is  not  so  steep.  It  has  been  worked  900  or  1200  feet  E.  from  the  tunnel,  and  shows 
good  coal,  varying  from  20  inches  to  2-^  feet  thick,  all  dipping  S.  It  has  been  worked  at  the 
N.E.  side  of  Middleport  by  Patrick  Freeman,  on  Hensinger's  property.  At  MiU  Creek  it  has 
been  wrought  by  Mason  and  Spence  by  drift,  and  contains  about  3  feet  of  good  coal.  It  has 
also  been  worked  on  Lick  Run. 

Charles  Pott  Coed.— At  Milford  Colliery  this  seam  is  entered  by  a  drift  just  at  the  mouth  of 
the  tunnel ;  it  dips  55°  S.  It  is  worked  out  and  closed  up.  The  slates  outside  show  a  S.  dip  of 
35°  or  40°  from  the  pressure  of  the  hill. 

It  consists  of  2  feet  of  good  hard  coal,  w4th  rock  at  the  top  and  slate  at  the  bottom.  It  is 
worked  nearly  as  far  as  the  C-larkson.  In  the  tunnel  it  was,  in  1853,  only  worked  45  feet  each 
way.  It  dips  35°  or  40°  S.,  and  is  steeper  Eastward.  It  has  been  worked  to  the  E.  by  Dr  Stein- 
berger,  and  at  Middleport  by  Billy  Wall. 
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It  has  been  worked  W.  of  Middleport  by  Hebner.  It  dips  S.  The  coal,  2^  feet  thick,  was 
not  good,  being  faulty. 

At  the  Five-mile  Board  it  was  worked  by  Bosbyshell  in  1838,  and  by  E.  CoUahan  in  1850. 
Good  coal  3  feet  thick  was  found  dipping  S.  It  has  been  wrought  by  T.  Williams  at  Lick  Eun, 
where  it  showed  from  3  to  3^  feet  of  good  coal,  with  tough  blue  upper  slate. 

Clarkson  Coal. — At  Milford  Colliery  this  coal-seam  dips  S.  It  is  entered  at  the  water-level 
below  the  Breaker,  and  has  been  worked  E.  about  1100  or  1200,  or  probably  1300  yards,  as  far 
as  the  farmhouse  S.  of  Patterson.  There  is  a  gangway  in  the  old  field  E.  of  the  farmhouse. 
The  outcrop  passes  here  to  the  N.  of  the  house.  This  coal-seam  has  generally  a  gentle  S.  dip,  ])ut 
at  the  N.  end  of  the  slope  it  is  about  55°.  Here,  at  75  feet  below  the  water-level  in  the  slope, 
there  is  a  rock-fault,  with  a  sudden  upcast  of  75  feet,  entirely  cutting  off  the  coal,  without  even 
a  leader — an  unusual  thing  in  this  coal-basin.  It  is  5  feet  thick,  and  was  worked  by  Billy  Wall 
at  MidcUeport. 

This  coal-seam  was  opened  and  identified  at  Middleport  by  Mr  Thompson ;  it  dips  S.,  and 
has  3  feet  of  coal  and  3  feet  of  dirt ;  with  a  bone  coal  and  slate  top.  It  has  been  worked  as  far 
W.  as  Cwmbola,  where  Bolton  worked  it  by  a  slope  as  far  as  Milford.  It  was  shafted  upon  at 
intervals,  and  worked  at  Milford  by  S.  Silliman. 

Peacock  Coal. — It  is  probable  that  the  Lower-slope  Coal  of  Miller  on  West-West  Branch, 
known  as  the  Cockle  Vein,  is  the  Peacock  Coal  of  Mill  Creek. - 

Ya7xl  or  Clinton  Coal. — The  little  seam  between  Miller's  two  slopes  on  the  West- West  Branch 
is  probably  the  Yard  Coal  of  MiU  Creek,  supposing  the  S.  slope  seam  to  be  the  Big  Tracey  Coal. 

Big  Tracey  Coal. — The  Little  Diamond,  so  called,  of  the  West  Branch  and  Wolf  Creek,  as 
worked  at  Heilner's  Slope,  and  of  West- West  Branch,  as  worked  in  Miller's  S.  Slope.  It  is  the 
second  vein  under  Morris's  Peach  Mountain  Coal :  it  is  therefore  the  Big  Tracey  Coal. 

Little  Tracey  Coal. — This  seam  is  shafted  upon  W.  of  Middleport.  It  dips  S.,  and  is  2^  feet 
thick.  It  has  under  it  an  Egg-conglomerate.  At  Valley  Furnace  it  has  been  worked  by  Davis 
and  Williams,  and  is  2\  or  3  feet  thick.  It  is  supposed  to  be  the  Piatt  Seam,  which  is  tunneled 
to  from  Spencer  s  Slope  on  Wolf  Creek. 

Peach  Mountain  Coal. — This  seam  has  been  worked  W.  of  Middleport  on  both  dips  of  the 
synclinal  on  A.  Stahl's  Tract  west  of  Casca  WiUiam  Tract.  Its  basin  rises  W.  It  has  been  worked 
by  George  Thompson,  who  feels  sure  it  is  the  same  as  at  Pottsville.  At  Middleport  it  is  from 
2-|  to  4  feet  thick,  with  a  fine  leafy  roof  and  slate  bottom  7  feet  thick,  under  which  there  is  a 
small  rough  seam,  having  the  appearance  of  "  baked  bread."  It  has  no  grains  of  lamination,  but 
"  looks  like  twisted  dough."  It  is  a  rather  pinkish  Ked-Ash  good  coal.  The  same  parting-slates 
are  recognisable,  but  thinner. 

The  small  coal  under  the  Peach  Mountain  Coal  is  well  known  at  Pottsville  ;  it  has  an  inch 
and  a  half  of  a  dull  coal,  like  coarse  cannel  coal,  for  its  top  plait,  both  at  Middleport  and  Mill 
Creek.  This  seam  has  been  worked  at  Capewell  and  Dovey's  Slope  on  Silver  Creek.  It  has 
also  been  worked  on  Wolf  Creek,  on  the  S.  dip  by  a  slope,  under  the  name  of  the  Spencer  Coal ; 
also  by  Heilner  in  drift,  under  the  name  of  Kantner,  on  the  N.  dip  on  Wolf  Creek  ;  and  formerly 
by  Spencer  at  Minersville  in  Lewis's  Old  Tunnel ;  and  since  by  Morris  on  the  West  Branch 
under  the  name  of  "  Fire  Vein."  It  has  also  been  worked  at  the  Delaware  Mines  on  West 
Norwegian  in  a  slope. 
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Sjwhn  Coal. — This  bed  has  been  worked  at  Middleport  by  H.  Uren  on  the  S.  dip.  It  was 
from  6  to  7  feet  thick,  and  when  faulty  was  down  to  2  or  3  feet,  and  had  the  same  roof  and  slate 
as  at  Belmont  and  Centre  Turnpike. 

It  was  worked  S.  of  New  Philadelphia  by  Connor  and  Eoads.  The  slope  upon  it  dips  30°  or 
35°  S.    The  coal  is  4i  feet  thick. 

It  was  cut  in  the  tunnel  driven  from  the  foot  of  Milnes  and  Snyder's  Lewis  Slope  under  the 
name  of  the  "  North  Vein." 

It  has  also  been  worked  at  Branch  Dale  Colliery  on  Muddy  Branch  by  M'^Donald. 

The  Spolm  Coal  of  Mill  Creek  is  supposed  to  be  the  same  as  the  Palmer  Coal  (Yard)  and 
Chestnut  of  Spencer  and  Mason,  and  the  Engine  or  Little  Gate  Coal  is  therefore  the  Selkirk. 

Some  think  the  Spohu  and  Peach  Mountain  Coals  are  the  same,  but  this  is  a  point  not 
settled. 

Lewis  Coal. — This  seam  has  been  worked  by  a  slope  on  the  E.  side  of  MiU  Creek  by  Snyder 
and  Milnes.    It  is  4^  feet  thick,  and  dips  35°  S.    It  has  two  benches. 

The  Lewis  Bed,  so  called,  worked  at  Belmont  and  Cwmbola,  is  in  reality  the  Santbock  of  MiU 
Creek.    It  was  worked  on  the  W.  side  of  Mill  Creek  by  Haven.    It  is  a  slope  colliery. 

It  has  been  worked  at  Belmont  (Five  Points)  under  the  name  of  the  Spohn  Coal.  It  dips 
37°  S.,  and  is  3  feet  thick. 

It  has  also  been  worked  in  a  perpendicular  shaft  at  George  Miller's  Works  on  West  Norwegian ; 
the  shaft  is  255  feet  down.  Also  by  M'^Donald  at  the  Branch  Dale  CoUiery  on  Muddy  Branch. 
It  is  thought  to  be  the  same  as  the  Main  Gate  Coal. 

Sandrock  Coal. — This  has  been  opened  by  di-ift  on  the  W.  side  of  Mill  Creek,  but  is  there 
found  in  fault.  It  is  3  feet  thick.  It  has  been  mined  by  slope-working  at  Belmont  (Five 
Points),  under  the  name  of  the  "Lewis  Vein,"  by  Tyler  and  Agard.  It  is  there  5-^  feet  thick,  and 
dij)s  S. 

It  has  also  been  mined  by  slope-working,  by  the  same  firm  at  C^^^nbola,  under  the  name  of 
the  Lewis  Seam.    It  is  there  4  feet  thick,  dipping  38°  S. 

Big  or  North  Gate  Coal. — This  has  been  worked  at  John  Preston's  Colliery  south  of  New 
Philadelphia  by  drift.    It  contains  9  or  1 0  feet  of  good  coal.    It  is  the  same  as  the  Lewis  Coal. 

South  Gate  Coal. — John  Preston  has  worked  this  mine  S.  of  New  Philadelphia  by  di'ift.  It 
is  supposed  to  be  the  same  as  the  Little  Spohn  and  Black  Mine  Coal. 

Black  Mine  Coal. — This  has  been  tunneled  to  from  the  foot  of  Oliver's  Tunnel  Coal-slope 
south  of  Pottsville,  and  mined  by  Fogarty  and  Brother  on  the  AVest  Branch  by  a  slope.  It  is 
thought  to  be  the  South  Gate  Coal. 

Tunnel  Coal. — This  has  been  worked  at  Oliver's  Slope  on  the  S.  side  of  Bear  Ridge.  It  dips 
34°  S.,  and  is  5  feet  thick.    It  was  tunneled  to  from  Fogarty 's  Black  Mine  Slope  on  West  Branch. 

It  has  also  been  worked  at  Chillis's  Slope  by  Mr  Berry,  Superintendent.  It  is  4^  feet  thick, 
and  upon  the  top  there  is  8  feet  of  soft  bony  stuft".  It  generally  has  2^  or  3  feet  of  this  overlying 
matter.  It  dips  about  40°.  It  consists  of  two  benches,  the  lower  being  2  or  2^  feet  thick,  the  upper 
about  the  same  ;  and  between  the  two  benches  is  a  thin  strip  of  soft  dirt ;  the  bottom  bench  is 
rather  the  best  coal.   It  has  also  been  mined  by  slope-working  in  Salem  Hollow  east  of  Pottsville. 

Selkirk  or  Lawton  Coal. — This  has  been  drifted  on,  but  not  mined,  on  Oliver's  Bear  Eidge 
Tract.    It  was  found  to  be  irregular,  and  was  thought  to  be  the  Spohn  Coal. 
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Rahhit  Hole  Coal. — At  Oliver's  Colliery,  Bear  Eidge  Tract,  owned  by  Sliippen  and  Wliitaker, 
and  superintended  by  Mr  Headly,  the  first  S.  seam  opened  and  worked  is  the  Eabbit  Hole.  It 
has  been  drifted  on,  and  is  3|-  feet  thick. 

In  Salem  Hollow  it  is  2^  feet  thick,  and  hard. 

Faust  Coal. — This  has  been  cut  in  Berry's  and  Eandolph  tunnels. 

Salem  Coal. — This  has  been  cut  in  Berry's  Tunnel,  and  also  in  Eandolph  Tunnel. 

It  has  been  worked  at  Heilner's  Salem  Colliery  on  West-West  Branch  below  LleweUyn. 

Mammoth  or  Daniel  Coal. — This  has  been  worked  by  Adams  and  Miller  at  Coal  Castle, 
by  George  Payne  at  Heckscherville,  and  by  John  Staunton  at  Glen  C^arbon.  It  is  from  IG  to  20 
feet  thick,  as  worked  by  Lewis  Dougherty.  It  has  also  been  worked  by  Heilner.  At  Dougherty's 
it  dips  G5°  or  70°  N.,  and  at  Adams  and  Miller's  from  45°  to  55°  S. 

It  has  been  worked  at  Charles  Miller's  Slope  on  Mine  Hill  at  the  head  of  West  Norwegian  ; 
also  at  Miller's  {X),  West  Branch  Gap,  and  again  under  the  name  of  "  Back  Vein"  at  the  end  of 
the  tunnel  from  Heilner's  Slope  Vein  on  Wolf  Creek  ;  also  in  Serril's  Lower  Tunnel. 

It  has  been  worked  by  Jones  and  Mason  on  Mine  Hill  at  the  head  of  East  Norwegian.  There 
is  a  slope  upon  it.  This  is  the  same  coal  as  the  Big  Coal  of  Casca  WiUiam,  and  the  Big  North 
Coal  of  Silver  Creek. 

There  is  a  slope  upon  it  at  Adams'  Pine  Knot  Colliery,  where  it  has  been  worked. 

It  has  been  drifted  upon  at  M'^Ginnis's  on  Broad  Mountain,  and  worked  in  Hill's  Tunnel  on 
the  N.  dip  of  Mine  Hill ;  also  by  Heilner  at  West  Branch  Gap,  and  by  Dougherty  at  the  same 
locality. 

It  has  been  cut  in  Mecke's  Tunnel,  and  cut  and  worked  in  Staunton's  Tunnel. 

Crosby  Coal — -prohahly  the  Black  Valley  Coa/.— This  has  been  worked  at  Payne's  Colliery, 
and  cut  and  worked  in  Staunton's  Broad  Mountain  Tunnel  on  the  S.  dip,  under  the  name  of  the 
Big  South  Vein. 

In  all  probability  it  is  the  same  that  is  worked  at  the  end  of  Oliver's  Peaked  Mountain 
Tunnel  on  the  N.  dip,  though  some  regard  it  as  the  Daniel  Coal-seam. 

SYNONYMS  OF  THE  COALS  HAVING  MOEE  THAN  ONE  NAME  IN  THE  POTTSVILLE  BASIN. 

Nesquehoning  Mines. — The  so-caUed  Fifty-feet  Coal  of  the  Ehume  Eun  Arch,  or  saddle  of 
coal,  is  identical  with  the  so-called  Twenty-eight-feet  bed  of  the  N.  side  of  the  basin  of  the  same 
locality.  This  large  bed,  actually  22  feet  thick,  probably  constitutes  the  lower  portion  of  the 
great  mass  of  Summit  HiU.  The  Nineteen-feet  Vein  is  the  N.  vertical ;  the  Thirty-nine-feet  bed 
is  the  Brown  Vein  ;  and  the  Twelve-feet  bed  is  the  Pencil  Vein. 

Lehigh  Summit  Coal. — This  enormous  stratum  of  anthracite  is  in  aU  probability  the  repre- 
sentative of  the  chief  White- Ash  beds  of  Tamaqua — namely,  of  Coals  B,  C,  D,  Cross-cut,  and  E, 
united  into  one  by  the  thinning-down  Eastward  of  the  strata  which  sejiarate  them. 

Panther  Creek  Coals. — The  lowest  main  Eed-Ash,  or  more  properly  Grey-Ash  Seam  of 
Panther  Creek,  the  Eleven-feet  bed  of  Tunnel  No.  8,  is  obviously  the  Eed-Ash  Coal  F  of  the  Little 
Schuylkill,  and  district  W.  of  it.    It  is  the  coal  of  Carter's  Slope  E,  of  Greenwood  Tunnel. 

Tamaqua  Coals. — The  coal-beds  A,  B,  C,  D,  D  Cross-cut,  E  and  F,  the  Bony  Coal  G,  the  Eed. 
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Ash  Vein,  and  J  of  the  N,  side  of  the  Coal-field  at  Tamaqua,  are  the  coals  T,  S,  R,  QQ,  Q,  P,  0, 
O  o,  N,  and  M  of  the  S.  side. 

Newkirk. — Coal  C,  or  next  N.  of  D  in  the  Newkirk  Tunnel,  though  a  strons  Eed-Ash  coal, 
is  the  equivalent  of  Coal  C  of  Tamaqua. 

From  Tamaqua  to  Buckville,  the  coals  of  the  White-Ash  Series  bear  the  alphabetical  names 
allotted  to  them  at  the  former  place. 

The  Bowman  Big  Vein  is  supposed  to  be  the  Grier. 

Tiiscarora  and  Vicinity. — The  "Big  Vein"  of  the  Palmer  Tunnel,  and  of  the  same  range  W., 
is  the  Coal  E  of  Tamaqua. 

Coal  F  of  Tamaqua  is  the  Palmer  Vein,  so  called,  of  Tucker's  Slope  and  Palmer  Tunnel. 
The  Tuscarora  Coal  is  the  same.    F  is  also  the  Spade  and  Luther  of  Middleton. 
The  Grier  Bed  of  Tuscarora  is  Bowman's  Big  Coal  of  Newkirk. 

Tuscarora  to  Casca  William. — The  "  Big  Vein  "  of  Tuscarora,  of  Swift's  Creek,  of  Big  Creek 
Mines  north  of  Patterson,  of  AVhitfield's  Upper  Tunnel,  of  C^asca  William  AMiite-Ash  Mines,  and 
of  the  flank  of  Mine  Hill  north  of  them,  is  undoubtedly  the  Coal  E  of  Tamaqua. 

The  Black  Heath  Coal  of  Casca  William  is  in  all  probability  identical  with  the  Palmer  of 
Tuscarora,  or  F  of  Tamaqua. 

The  Luther  Coal  of  the  Red- Ash  Colliery  of  Casca  William  Valley  is  the  South  Diamond 
Coal  of  Silver  Creek,  and  the  valleys  further  W.  The  Adam  Stahl  of  this  locality  is  probably 
also  the  South  Diamond. 

The  so-called  Palmer  bed  here  is  apparently  the  Peach  Mountain  Vein. 

The  Spohn  bed  of  Casca  William  is  a  different  coal  from  the  genuine  Spohn  Vein  of  Norwegian. 

Silver  Creek. — The  Big  or  North  Coal  of  Silver  Creek  is  unquestionably  the  same  with  the 
Big  Coal  of  the  country  to  the  Eastward,  or  the  Coal  E  of  Tamaqua.  It  bears  the  name  of  the 
"  Mammoth  Vein  "  on  Mill  Creek,  and  thence  Westward  to  West  Branch  and  Wolf  Creek,  where 
it  is  also  called  the  Daniel  Coal. 

Dodson's  Coal  of  Silver  Creek  is  the  Orchard  of  Mill  Creek. 

The  Guiterman  bed  of  this  valley  is  on  the  horizon  of  one  of  the  lower  coals  of  Tamaqua,  but 
is  not  at  present  identified  with  either  of  them.  It  is  apparently  the  Big  Coal  of  Eagle  CoUieiy, 
Mill  Creek,  though  this  is  not  proved. 

The  Skidmore  Coal  of  Silver  Creek,  and  the  valleys  Eastward,  is  in  position  the  equivalent 
of  the  Cross-cut  bed  of  Tamaqua,  but  their  continuity  has  not  been  established. 

The  identity  of  the  so-called  Big  Diamond  Coal  of  Silver  Creek  and  Casca  William  ^yit]l  the 
Big  Diamond  of  Mill  C^reek  and  East  Norwegian  is  by  no  means  proved. 

Zachariah's  Run. — The  North  Diamond  is  here  called  the  Gin  Coal,  not  the  Gin  Coal  of 
Silver  Creek. 

Mill  Creek. — The  Big  Coal  of  Johns'  Eagle  CoUiery  is  by  many  colliers  of  the  district 
believed  to  be  the  Mammoth  outcropping  from  the  S.,  but  there  are  good  reasons  to  suspect  it 
to  be  a  lower  seam,  and  identical  with  the  Guiterman  bed  of  Silver  Creek. 

The  Black  Heath  Coal  of  other  localities  is  here,  and  on  East  Norwegian,  generally  styled 
the  Seven-feet  Seam  of  the  Mammoth  Bed,  which  it  almost  immediately  overlies. 

The  John  Holmes  bed  of  Mill  Creek  is  the  Black  Valley  Coal  of  Silver  Creek  and  other  localities. 

The  Big  Diamond  of  Mill  Creek  is  erroneously  called  on  Lick  Run  the  Big  Tracey  Coal. 
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The  Sandrock  Coal  of  Mill  Creek  is  mined  both  at  Cwmbola  and  at  Belmont  under  the 
name  of  the  "  Lewis  "  Coal. 

The  true  Lewis  Coal  of  Mill  Creek  and  the  Norwegian  valleys  bears  at  Cwmbola  and 
Belmont  the  title  of  the  Spohn  Vein,  and  this  erroneous  appellation  is  applied  to  it  on  Silver 
Creek,  and  still  further  E.  in  the  basin  ;  the  true  Spohn  is  mined  l)y  Connor  and  Roads. 

The  South  Diamond  of  East  Norwegian  is  called  on  Mill  Creek  the  Green  Park  Vein,  which 
is  the  Big  Diamond  of  Mill  Creek  on  another  dip. 

The  Little  Sandrock  Seam  of  Mill  Creek  is  the  3d  North  Gate  of  the  same  valley. 

On  ]\Iill  Creek  and  East  Norwegian,  the  Lewis,  Gate,  and  Tunnel  coals  are  the  same  bed 
repeated  by  the  flexure  of  the  Gate  Ridge.  The  small  coal  above  the  Lewis  at  East  Norwegian 
is  found  above  the  Main  Gate  bed  on  Mill  Creek. 

The  Lower  Lewis,  or  Little  Spohn,  is  the  South  Gate  and  the  Black  Mine  Coal. 

The  Spohn,  Palmer,  and  Yard  of  Mill  Creek  Valley,  and  Chestnut  Coal  of  Singiey's  Farm,  are 
all  identical,  and  are  the  same  as  the  Little  Perpendicular  Gate,  or  Engine  Gate,  and  are  there- 
fore the  equivalents  of  the  Selkirk  of  the  S.  slope  of  Gate  Ridge. 

The  Little  Tunnel,  Rabbit  Hole,  and  Nest  coals  of  Mill  Creek  are  respectively  the  Yard,  Big 
Sandrock,  and  Little  Sandrock  beds  of  the  opposite  dip, 

THE  NOEWEGIAN  VALLEYS. 

East  Norwegian. — The  Cellar  Coal  of  this  valley  is  the  Stevenson  of  Mill  Creek. 

Dado's  Coal  of  East  Norwegian  is  the  North  Diamond  of  West  Norwegian. 

The  Clinton  Coal  of  East  Norwegian  is  said  to  be  the  Yard  Coal  of  Mill  Creek,  and  this 
Yard  Coal  is  the  first  North  Gate  bed  of  Mill  Creek,  and  the  Peacock  Coal  is  the  Clinton  of 
Mill  Creek. 

The  Peach  Mountain  Coal  of  the  Norwegian  district  is  the  Barclay  Coal  of  tlie  same  in  the 
basin  South.  On  Middle  Norwegian,  the  Big  Tracey,  Chenoweth,  and  Clarkson,  are  all  iden- 
tical, being  only  different  outcrops. 

In  hke  manner,  the  Little  Tracey  and  Pearson  are  the  same. 

WEST  BRANCH  AND  WOLF  CREEK. 

Morgan's  Coal  of  West  Branch  appears  to  be  identical  with  the  Primrose  Coal  of  West 
Norwegian. 

The  Mammoth  Vein  on  West  Branch  is  sometimes  called  the  Daniel  Coal.  The  so-called 
Seven-feet  bed  of  Charles  Miller's  Slope  on  Mine  Hill  (12  feet  thick)  is  the  Black  Heath  seam 
of  Heilner's  Tunnel. 

The  Oak  Hill  Coals  of  AVest  Branch  are  the  Orcha^xl  heds  of  West  Norwegian.  The  Spencer 
is  the  Kantner  bed  of  Wolf  Creek,  and  both  are  the  Peach  Mountain  Vein  of  Norwegian,  all 
identified  by  actual  mining. 

The  Pelton  Coal  is  probably  a  portion  of  the  Big  Diamond  bed  of  West  Norwegian  and 
Mill  creeks. 
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The  Big  Diamond  bed  of  Wolf  Creek,  known  as  Bast's  Red-Ash  Coal,  is  not  the  Big  Diamond 
of  Silver  and  Mill  creeks,  but  is  one  coal  lower  in  the  series,  for  it  underlies  the  coarse  pebbly 
rock  which  forms  so  good  a  guide  to  it,  whereas  the  Big  Diamond  of  the  valleys  E.  overlies  this 
conglomerate.  The  Wolf  Creek  Big  Diamond  is  therefore  an  expansion  of  the  small  coal  which, 
on  Mill  Creek,  intervenes  between  the  Hancock  and  Big  Diamond  beds  of  that  valley.  This 
seam  is  hardly  discernible  on  Silver  Creek,  and  is  therefore  a  coal  of  Western  development. 

WEST-WEST  BEANCH. 

Upon  this  valley  the  lower  White-Ash  coals  of  Silver  and  Mill  creeks  seem  to  have  greatly 
thinned  down.  The  Great  Mammoth  bed  with  the  Black  Heath,  previously  coalesced  into  one,  are 
either  gone  or  reduced  to  the  5 -feet-thick  seam  immediately  above  the  conglomerate  of  Mine 
Hill ;  and  some  of  the  six  or  seven  still  lower  beds,  proved  and  partially  mined  at  the  West 
Branch  Gap,  are  here  found  of  notable  size.  The  Black  Valley  Coal  is  here  called  the  Forest^'ille 
Coal.  It  outcrops  high  on  the  S.  flank  of  the  mountain,  placed  there  by  the  ending  of  axis  E. 
The  Black  Heath  Coal  saddles  Mine  Hill  near  Woodside. 

Bast's  White- Ash  Coal  of  West-West  Branch  is  the  Anderson  Coal  ;  also  the  Morgan  of 
West  Branch,  outcropping  there  in  front  of  Jones'  Tunnel,  and  the  Primrose  of  more  Eastern 
localities.    It  has  been  worked  through  to  Wolf  Creek. 

Kear's  White-Ash  Coal  is  the  Oak  Hill  or  Little  Peach  Orchard. 

Cockle's  Red- Ash  Coal  is  the  South  Diamond  of  Silver  and  MiU  creeks,  and  likewise  the  Oak 
HiU  of  Wolf  Creek. 

The  Phoenix  Coal  is  in  the  position  of  the  Little  Tracey  of  Norwegian  ;  it  is  also  the  Little 
Diamond  of  West- West  Branch  and  of  Wolf  Creek. 

On  West- West  Branch,  the  there  so-called  Black  Mine  and  Selkirk  coals  are  the  same  bed 
on  opposite  sides  of  the  folded  anticlinal  axis  of  Gate  Range. 

The  Salem  Faust  and  Rabbit  Hole  beds  of  this  valley  at  Silvertown  Colliery  are  likewise  only 
one  seam,  repeated  by  a  subordinate  anticlinal  flexure. 

MINE  HILL  VALLEY. 

At  Lawton's  Colliery,  the  Seven-feet  Coal  over  the  Lawton  or  Mammoth  bed  is  the  Black 
Heath  Coal  ;  the  Eleven-feet  seam  at  Lawton's  is  the  Black  Valley  Coal. 
Fogarty's  Big  Coal  is  the  Pinkerton  Large  Seam. 

The  Adams  Slope  Coal  is  the  true  Daniel's  bed,  and  the  coal  at  the  end  of  the  Adams  Tunnel 
is  the  Jugular  Seam.    These  are  again  intersected  in  Payne's  Tunnel. 

At  Oliver's  Colliery  in  the  Peaked  Mountain,  the  Back  Coal,  so  called,  is  the  Big  South  Coal 
of  Staunton's  Tunnel,  and  the  Crosby  bed  of  Payne's  Tunnel. 

MUDDY  BRANCH. 

The  Red-Ash  bed  of  this  locality  is  thought  to  be  Kear's  Coal  of  Forestville. 

Whether  the  coals  called  the  Peach  Mountain,  Spohn,  and  Lewis  beds  near  Weaver's,  are 
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actually  identical  respectively  with  the  coals  of  these  names  on  Norwegian,  is  doubtful.  The 
most  probable  equivalency  is  that  of  the  Peach  Mountain  Seam. 

Donaldson  and  further  West. — The  three  large  lower  coal-beds  of  this  locality,  called  the 
Big  Vein,  the  Black  Heath  Vein,  and  the  Black  Valley  Vein,  are  in  all  probability  beds  of  a 
Western  development,  and  not  equivalents  of  any  main  seams  of  the  districts  E.  Possibly  the 
Black  Valley  may  be  represented  here,  but  even  this  is  doubtful,  since  it  is  reduced  at  West- 
West  Branch,  distant  8^  miles,  to  a  thickness  of  only  5  feet.  The  coal  called  at  Klinger's  Gap  the 
Peacock,  is  the  Black  Heath  of  Donaldson. 

The  Gardner  bed  is  the  better  name  for  the  so-called  Black  Heath  of  Donaldson.  It  is  impos- 
sible, in  the  existing  condition  of  mining  in  the  Western  districts  of  the  Southern  coal-field,  to 
identify  the  many  valuable  beds  of  coal  there,  with  known  seams  of  the  better-developed  central 
tracts  of  the  basin.  There  does  not  prevail  that  geographical  extension  of  the  coals  in  the 
Anthracite  region,  which  belongs  to  those  of  the  great  bituminous  coal-fields  beyond  the 
Alleghany  Mountain,  nor  does  either  country  present  them  in  anything  like  the  continuity  very 
generally  imputed  to  them. 


CHAPTER  XIV. 

SMALL  COAL-BASINS  OF  BROAD  MOUNTAIN. 

The  next  division  of  the  Anthracite  Coal-field  which  claims  our  attention  is  the  Broad 
Mountain.  A  series  of  parallel  anticlinal  flexures,  most  of  them  of  rather  gentle  curvature, 
occupy  this  table-land,  and  divide  it  into  elevated  belts  of  the  Serai  conglomerate,  and  interven- 
ing small  basins  or  troughs  of  the  coal  strata.  Two  of  these  coal-tracts  are  of  sufiicient  import- 
ance to  deserve  a  brief  description  ;  one  is  at  the  sources  of  Mill  Creek,  the  other  at  the  very 
head  of  the  West  Branch.  These  small  basins  have  been  only  partially  developed.  That  of 
Mill  Creek  is  in  chief  part  owned  by  the  Boston  Colliery  Company,  who  have  made  some  pro- 
gress in  exploring  it ;  while  that  on  West  Branch,  at  the  Centre  Turnpike,  has  never  been  opened, 
there  being  no  ready  outlet  for  the  coal. 

Broad  Mountain,  Mill  Creek  Basin. — A  glance  at  the  general  map  of  the  anthracite  region 
will  explain  the  position  of  this  and  of  the  other  small  basins  nearly  in  a  line  with  it.  An 
important  anticlinal  axis,  the  main  Southern  flexure  of  the  Broad  Mountain,  after  lifting  the  red 
shale  of  Locust  Valley,  elevates  the  Serai  conglomerate  N.  of  Mine  Hill  Valley,  and  passes  away 
Westward  into  Deep  Valley.  Where  this  flexure  divides  Wolf  Creek  from  the  Mill  Creek  Basin, 
the  dips  on  both  sides  of  it  are  very  steep.  The  latter  basin  is  therefore  a  closely-compressed 
one,  for  the  S.  dips  of  its  N.  side  are  at  a  very  high  angle.  The  whole  basin  is  about  3  miles  in 
length,  and  at  the  widest,  from  conglomerate  to  conglomerate,  about  a  fourth  of  a  mile  broad. 
Its  features  are  exhibited  in  the  following  Section  (fig.  189),  compiled  from  observations  made 
at  the  Boston  CoUiery,  near  the  middle  of  the  tract. 

There  would  appear  to  be  about  three  or  four  beds  of  coal  embraced  within  the  trough,  but 
only  the  uppermost  of  these  is  likely  to  prove  permanently  profitable.  This  coal  is  one  of  the 
thick  beds  low  in  the  White-Ash  series,  the  equivalent  in  all  probability  of  the  Jugular  bed  of 
VOL.  II.  2  F 
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Pig.  189.— Mill  Creek  Basin,  Broad  Mountaia. 

Broad  Mountain,  West  Branch  Basin. 


West  of  Centre  Turnpike. 


Mine  Hill  Valley.    Exploratory  shafts  sunk  upon  its  outcrop  prove  it  to  be  about  16  or  17 

feet  thick,  and  to  be  for  the  most  part  in  a 
very  sound  condition,  the  coal  itself  being  of 
excellent  quality.    The  dip  on  both  sides  of 
the  basin  exceeds  70°,  but  that  of  the  N.  side 
seems  at  one  locahty  to  grow  suddenly  less 
WM  at  a  moderate  depth.    Between  the  two  out- 
crops of  the  great  bed  the  distance  is  on  the 
average  about  600  feet.    The  quantity  of  coal 
here  must  therefore  be  very  large. 
-Of  the  coal-beds  of  the  West  Branch  Broad  Mountain 
Basin  but  few  details  have  as  yet 
come  to  hght.  The  accompanying 
Section  (fig.  190)  represents  its 
general  structure  and  proportions. 

This  little  mountain  -  basin 
does  not  promise  to  be  a  very 
productive  one. 

North  of  the  Mill  Creek  Basin  is  an  anticlinal  having  a  very  gentle  N.  dip.  This  includes 
between  it  and  the  greater  anticlinal,  which  ranges  along  the  N.  brow  of  Broad  Mountain  at  the 
S.  side  of  the  Mahanoy  Basin,  a  very  small  and  shallow  trough  of  the  Coal-measures,  not  apparently 
deep  enough  to  contain  any  valuable  bed  of  coal.  (See  Section  of  Mill  Creek  Basin,  W,  of  Boston 
Colliery.) 

Broad  Mountain,  Rattling  Run  Basin. — The  N.  edge  of  the  Broad  Mountain  plateau 
contains  another  very  shallow  limited  patch  of  Coal-measures  on  the  E.  side  of  the  deep  ra\ane 
of  Battling  Run,  through  which  the  Mine  HUl  Railroad  now  descends  the  mountain  towards 
Ashland.  This  little  basin,  if  such  it  deserves  to  be  called,  is  very  nearly  in  a  Hue  with  that  of 
New  Boston  ;  but  the  flexures  of  the  central  and  N.  parts  of  Broad  Mountain  are  too  obscure 
to  enable  us  to  connect  its  shallow  troughs.  Not  more  than  two  seams  of  coal  had  been 
opened  in  this  locahty  at  the  date  of  observation  (1853).  These  belong  evidently  to  the  very 
lowest  of  the  series,  and  the  basin  is  apparently  of  too  flat  a  structure  to  ofier  much  promise  of 
its  containing  the  big  seam  of  the  Boston  Basin.  'The  latter  has  escaped  denudation  solely 
because  of  the  unusual  steepness  of  the  sides  of  the  synchnal  flexure. 


Fig.  190.— West  Branch  Basin,  Broad  Mountain. 


CHAPTER  XV. 

GENEEAL  CLASSIFICATION  OF  THE  COAL-MEASUEES  OF  THE  POTTSVILLE  BASIN. 

It  is  not  possible,  in  the  present  imperfectly-developed  state  of  the  Southern  Coal-field,  to 
present  an  exact  classification  of  the  coal-formation  which  occupies  it.  We  know  too  little  of 
the  equivalency  of  the  beds  of  coal  of  remote  localities,  and  of  the  fluctuations  of  the  coal- 
measures  by  the  thinning-away  of  some  strata,  and  the  introduction  of  others,  to  find  it 
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practicable  to  follow  even  the  most  marked  planes  of  sub- 
division of  the  series  very  far.  Indeed,  a  doubt  might  be 
raised  on  philosophical  grounds,  whether  from  the  nature 
of  the  formation  any  permanent  horizons  of  separation, 
coextensive  with  the  Avide  coal-deposit,  can  exist.  Never- 
theless, as  some  general  comparison  between  the  strati- 
fication of  difierent  localities  is  most  desirable,  I  shall 
present  the  best  which  is  practicable  with  the  data  I  have 
collected.  A  summary  of  the  coal-formation,  as  it  appears 
in  the  best-explored  districts  of  the  coal-field,  and  the  sub- 
division of  the  entire  series  of  coal-beds  into  groups,  will 
furnish  the  surest  elements  for  co-ordinating  one  quarter 
with  another. 

COAL-MEASURES  ON  LITTLE  SCHUYLKILL. 

The  total  thickness  of  the  true  Coal-measures,  or  the 
productive  portion  of  the  coal-formation  on  the  Little 
Schuylkill,  is  about  2000  feet.  This  mass  of  strata  embraces 
seventeen  seams  of  coal  of  all  dimensions,  from  2  to  20 
feet.  The  most  natural  division  of  the  series  in  this  dis- 
trict is  into  four  groups. 

1.  A  lower  White- Ash  group,  embracing  all  the  coal-beds,  four 
in  number,  from  the  lowest  to  Coal  B  inclusive.  This  division  of 
the  strata  is  nearly  TOO  feet  thick. 

2.  An  upper  White- Ash  group,  consisting  of  four  seams ;  namely, 
Coals  C,  D,  Cross-cut,  and  E.  This  division  is  nearly  500  feet  thick. 

3.  A  Grey-Ash  group  of  two  coals  ;  namely,  F,  and  the  Bony 
Vein.  This  groiip,  counting  from  the  coarse  conglomerate  above 
E  to  the  coarse  rock  overlying  the  Bony  Vein,  is  325  feet  thick. 

4.  A  Red-Ash  group,  not  subdivisible,  of  seven  seams,  com- 
mencing with  the  so-called  Red- Ash  Vein,  and  including  the  upper- 
most coals  in  the  basin.  This  fourth  division  has  a  thickness  of  nearly 
500  feet. 

Summing  together  the  thicknesses  of  these  coal-beds 
intersected  by  the  Little  Schuylkill,  and  counting,  not  the 
pure  merchantable  coal,  but  everything  between  roof  and 
floor,  their  total  depth  in  this  part  of  the  coal-field  is  120 
feet,  or  precisely  6  feet  of  coal,  on  an  average,  for  every  100 
feet  of  rocks.  We  may  abate  at  least  one-third  from  this, 
for  material  not  suitable  for  the  coal-market. 

COAL-MEASURES  ON  SILVER  CREEK. 
The  great  natural  transverse  section  of  the  strata, 
furnished  by  Silver  Creek,  allows  us  to  estimate  the  whole 
series  pretty  accurately  as  high  as  the  Peach  Mountain 
seam,  but  above  this,  from  the  synclinal  axis  to  the  Schuyl- 
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Fio.  192.— Coal  Strata  on  Silver  Creek. 


65  0 

iidfc  Tractti/    3  8- 


PiUimmon's  6  0  " 


SvrtUi  Diamond 


Primrose    8  0' 


Black  Valley 


Black  Heath    7  0- 


Tucki-r's  lii'j    S  0- 


Skidntore    7  C- 


Ctiadvnck'a  56  u- 


Guit^'man'a  10  C' 


9  0- 
75  0- 


25  0 
10  0 
15  0 
12  0 


,20  0 
,15  0 


kill  Valley,  the  exposures  are  defective.  Between  the 
coarse  conglomerate  underlying  all  the  coals,  and  the 
uppermost  strata,  S.  of  the  Schuylkill,  the  total 
depth  of  strata  is  not  less  than  3000  feet.  Within 
this  mass  we  can  identify  twenty-six  or  twenty-seven 
notable  coal-beds,  two  of  which  are  of  great  dimen- 
sions. In  this  district  the  coals  are  separable  into 
six  groups,  as  follows  : — 

1.  A  lower  White- Ash  group,  composed  of  seven  seams,  all 
of  them,  but  the  lowest  and  the  fourth,  being  9  feet  and  up- 
wards in  thickness  :  measuring  this  division  from  the  top  of 
the  coarse  underlying  conglomerate  to  the  bottom  of  the  Egg 
and  Nut-conglomerate,  which  overlies  the  Ten-feet-thick  Coal 
over  Guiterman's  Great  Bed,  its  thickness  is  about  600  feet. 

2.  An  upper  Wliite-Ash  group,  embracing  five  beds  of 
coal,  the  middle  one  being  the  Big  North  Coal,  or  Tucker's 
Seam,  18  feet  thick,  and  the  highest  the  Black  Valley  bed. 
The  division  of  the  strata  embracing  these  coals  has  a  thick- 

1  inch  =  200  feet,  nsss  of  700  feet. 

3.  A  Grey- Ash  group,  comprising,  on  SUver  Creek,  the  Primrose  and  Dodson's, 
or  Orchard  Coal,  and  on  Mill  Creek  the  same,  with  the  addition  of  the  Hancock 
above,  and  two  others  beneath.  The  strata,  including  this  group,  measiu-e,  on 
Silver  Creek,  300  feet,  the  upper  limit  being  the  base  of  a  coarse  conglomerate  imder 
the  Lower  Diamond  seam. 

4.  A  lower  Red-Ash  group,  composed  of  six  coal-beds,  the  Lower,  North,  and 
South  Diamonds,  and  three  coals  above  them  ;  these  are  embraced  in  a  mass  of  strata 
about  550  feet  thick,  counting  from  the  conglomerate  underneath  the  Lower  Diamond, 
to  a  grey  sandstone  100  feet  and  more  below  the  Fitzimmon  Coal. 

0.  A  middle  Red- Ash  group  of  five  coals,  all  but  the  fourth  of  workable  dimen- 
sions, consisting  of  the  Fitzimmon,  Big  Tracey,  Little  Tracey,  a  thin  coal,  and  the 
Peach  Mountain  coal.  The  depth  of  coal-strata  embracing  this  group,  bounding  it  by 
the  base  of  the  sandstone  next  over  the  Peach  Moimtaiu  Vein,  is  also  about  550  feet. 

6.  An  upper  Red- Ash  group,  embracing  all  the  obscurely-developed  beds,  includ- 
ing the  so-called  Spohn  Vein,  overlying  the  Peach  Mountain  seam,  and  extending  to 
the  uppermost  in  the  basin.  The  number  of  coal-seams  here  embraced  may  be  four 
or  five,  though  only  one  or  two  are  known.  The  total  thickness  of  the  strata  caimot 
be  less  than  400  or  500  feet. 

By  the  foregoing  estimate,  the  Peach  IMountain  bed,  one  of  the  most 
persistent  of  the  Ked-Ash  seams,  and  therefore  a  good  landmark  within 
the  formation,  lies  at  a  height  above  the  conglomerate  base  of  the  Coal- 
measures  of  about  2700  feet.  A  survey  of  the  entii-e  series  shows  that 
the  Coal-measures  of  Silver  Creek  are  exceedingly  rich  in  coal.  Not  only 
is  the  number  of  minable  beds  unusually  large— each  group,  excepting  the 
Grey- Ash  one,  having  more  than  its  average  quota  of  such  seams — but 
the  dimensions  of  the  coals  themselves  exceed  the  normal  size.  Estimat- 
ing their  thicknesses  in  the  gross — that  is,  by  the  usual  mode  of  counting, 
all  the  material  between  the  roof  and  floor,  namely  coal,  bone  coal,  and  slate. 
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as  belonging  to  the  coal-seam,— the  aggregate  amount  of  ^'cre^^tSSoo/l?'^^ 
coal  in  the  basin  reaches  the  unusual  quantity  of  207  feet,     3f<.".^;«  so-ii 
or  very  nearly  seven  feet  of  coal  per  hundred  feet  of  strata. 
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COAL-MEASUEES  ON  MILL  CEEEK. 

Mill  Creek  affords  us  almost  as  complete  a  section  of 
the  whole  coal-formation  as  is  furnished  by  Silver  Creek.  «••"*<'".  "•i''"-'' 
Thoueh  somewhat  more  obscure  in  the  Peach  Mountain 
belt,  it  is  far  more  complete  in  the  Gate  Kange,  and  in  the 
South-dipping  coal-seams  of  the  N.  side  of  the  Sharp 
Mountain  basin.  In  this  district  the  total  thickness  of 
the  productive  part  of  the  formation,  counting  from  the 
upper  limit  of  the  barren  conglomerate  to  the  synclinal 
axis  at  the  Schuylkill  River,  would  appear  to  be,  from  our 
carefid  measurements,  nearly  2700  feet,  embracing  thirty-six 
separate  beds.  This  body  of  strata  is  divisible  into  the  same 
six  natural  groups  which  it  exhibits  on  Silver  Creek,  the 
corresponding  groups  differing  materially,  however,  in  their 
subdivisions  or  details  ;  they  are  as  follows  : — 

1.  A  lower  White- Ash  group,  comprising  five  seams 
of  coal  of  workable  dimensions,  the  fourth  ascending  being 
the  Great  Bed  of  Johns'  Colliery,  sometimes  called  the 
Jugular  Vein,  the  average  thickness  of  which  is  25  feet. 
Between  the  underlying  conglomerate  and  the  sandstone, 
above  the  7-feet-thick  rider  of  the  Jugular,  the  thickness 
of  strata,  including  these  five  coals,  is  about  500  feet. 

2.  An  upper  White- Ash  group  of  six  coals,  containing, 
as  its  second  seam  ascending,  the  Great  Mammoth  Coal 
or  Pinkerton's  Bed,  22  feet  thick.  Placing  the  upper  limit 
of  the  strata  enclosing  these  coals  at  the  base  of  the  coarse 
pebbly  sandstone  which  underlies  the  Flowery  Field,  or 
Holmes'  Coal,  the  thickness  of  the  division  is  310  feet. 
The  two  uppermost  seams  are  thin  ;  the  others  are  of  work- 
able dimensions.  This  group,  as  usual,  contains  some  valu- 
able nodular  iron-ore,  especially  in  the  fireclay  floor  of  its 
lowest  coal-bed,  and  in  the  shale  which  overlies  the 
Mammoth  Vein. 

3.  A  thick  Grey-Ash  group,  including  four  coal-beds — 
the  Flowery  Field,  the  Primrose,  the  Orchard,  and  the 
Hancock  seams.  This  part  of  the  Coal-measures,  making 
its  upper  limit  the  base  of  the  thick  sandstone  beneath  the 
Big  Diamond,  is  about  430  feet  thick. 

4.  A  lower  Red- Ash  group,  comprising  eight  Coal- 
beds,  only  two  of  which,  the  Big  Diamond  and  the  Pea- 
cock, are  of  a  good  thickness,  the  rest  being  3  feet  and 
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Fig.  194.— Coal  Strati 
in  the  gorge  of  Mill 
Creek,  opposite  Wolf 
Creek  (for  compari- 
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^'oii  Wes7BranfhTud  ^i^der.  Thej  are,  in  ascending  order,  the  Big,  South,  and  Little  Diamonds, 
then  two  unnamed  thin  coals,  then  the  Little  Peacock,  Main  Peacock,  and 
a  thin  coal,  the  next  beneath  the  Clinton  or  Yard  Seam  :  all  these  are 
embraced  within  435  feet  of  strata. 

5.  A  middle  Eed-Ash  group  of  five  coals,  the  Clinton  or  Yard,  Big 
Tracey,  Little  Tracey,  Lower  Peach  Mountain,  and  Main  Peach  Mountain 
Beds  ;  the  Big  Tracey  and  Peach  Mountain  Seams  being  those  of  prin- 
cipal value  for  mining  :  these  all  lie  included  within  less  than  300  feet 
of  rocks. 

6.  An  upper  Ked-Ash  group,  of  less  definable  thickness.  Assuming 
the  Tunnel  Seam  of  the  Schuylkill  Basin  as  identical  with  the  Peach 
Mountain  Vein,  this  uppermost  group  includes  the  Little  Tunnel,  the 
Rabbit  Hole,  the  Nest,  the  Faust,  the  North  Salem,  Weasel,  Main  Salem, 
and  South  Salem  Beds,  in  total  number  eight.  The  total  thickness  of 
this  group,  extending  it  to  the  highest  rock  in  the  coal-field,  at  the  syn- 
clinal axis  under  the  river,  is  about  700  feet. 

It  will  be  seen,  upon  reviewing  the  Mill  Creek  Coal-measures  in 
comparison  with  those  of  Silver  Creek,  that  while  the  lower  White- Ash 
group  is  thinner  by  100  feet,  the  upper  AVhite-Ash  group  is  thinner  by 
nearly  400  feet,  or  is  reduced  to  less  than  one-half  its  thickness ;  on 
the  other  hand,  the  Grey-Ash  measures  have  considerably  augmented  in 
thickness.  Again,  both  the  lower  and  middle  Red-Ash  measures  are 
of  considerably  less  bulk,  the  middle  having  scarcely  more  than  half 
the  depth  they  possess  on  Silver  Creek.  On  Mill  Creek  the  interval 
between  the  barren  conglomerate  and  the  Peach  Mountain  Coal  is  not 
quite  2000  feet.  The  total  thickness  of  coal,  by  the  ordinary  method 
of  estimation,  is,  at  this  section  of  the  basin,  about  155  feet,  an  average 
of  5  feet  9  inches  for  each  100  feet  of  strata. 
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COAL-MEASURES  ON  WEST  BEANCH  AND  WOLF  CREEK. 

At  the  natural  transverse  section  of  the  Coal-measures  presented  by 
the  Valley  of  the  West  Branch  and  its  tributary  Wolf  Creek,  it  is  prac- 
ticable to  deduce,  from  the  exposures  of  the  strata,  their  total  thickness 
with  a  fair  approximation  to  accuracy. 

Our  carefully-conducted  measurements  make  it  appear,  that  between 
the  top  of  the  unproductive  conglomerate  and  the  highest  strata  in  the 
synclinal  axis  at  Westwood,  the  depth  of  the  Coal-measures  is  not  less 
than  2800  feet,  A  comparison  of  this  section  -mth.  that  of  Mill  Creek 
and  those  of  the  districts  still  further  E.,  shows,  however,  that,  group  for 
group,  the  Coal-measures  of  this  part  of  the  basin  differ  materially 
from  those  already  reviewed.  The  entire  series,  containing  about  thirty 
beds  of  coal,  may,  for  convenience,  be  divided  as  hitherto  into  six  groups 
— two  of  White- Ash,  one  of  Grey-Ash,  and  three  of  Red- Ash  seams  : 
their  respective  contents  and  dimensions  are  as  follow  : — 
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1.  The  lower  Red-Ash  group  embraces  on  West  Branch  five  beds  of  coal,  counting  from 
the  conglomerate  to  the  Skidmore  inclusive.  The  largest  of  these  is  only  4  feet  thick,  and, 
what  is  quite  as  remarkable,  they  are  all  embraced  within  less  than  200  feet  of  strata.  So 
attenuated  a  condition  of  the  group  contrasts  remarkably  with  its  thickness  and  its  repleteness 
in  coal,  on  Silver  Creek,  and  even  on  Mill  Creek. 

2.  The  upper  White- Ash  group,  as  seen  on  West  Branch,  consists  as  usual  of  four  seams,  a 
3-feet  thick  bed,  the  equivalent  of  the  true  Skidmore,  and  the  Mammoth,  Black  Heath,  and 
Black  Valley  ;  the  two  first  of  these  still  thick,  and  closely  approximated.  Adopting  for  the  limits 
of  these  strata  the  sandstones  which  insulate  them  from  the  other  groups,  the  whole  thickness  is 
not  more  than  250  feet.  Here  again  we  have  a  nearer  approximation  to  the  state  of  things  on 
Mill  Creek,  where,  as  we  have  seen,  this  group  measures  about  310  feet. 

3.  The  Grey-Ash  group  consists  here  of  three  coal-beds — the  Silver  Vein,  which  is  thin,  and 
the  Primrose  or  Bast's  White-Ash,  6  feet  thick,  and  the  Big  Peach  Orchard,  only  3  feet  thick. 
Counting  from  the  top  of  the  underlying  sandstone  to  the  top  of  the  overlying,  the  Coal- 
measures,  chiefly  sandstones,  embracing  these  coals,  show  a  thickness  of  350  feet,  a  depth  consi- 
derably less  than  that  which  they  exhibit  on  Mill  Creek,  where,  however,  the  Hancock  Bed,  the 
probable  equivalent  of  the  Little  Peach  Orchard,  or  Oak  Hill  of  this  Section,  is  included  in  the 
group.  If  it  be  embraced  here,  the  Grey-Ash  group,  containing,  however,  a  Red-Ash  coal,  will 
have  a  thickness  of  450  feet,  or  that  which  it  possesses  on  Mill  Creek. 

4.  The  lower  Red- Ash  group  proper,  extending  it  to  include  the  Oak  Hill  bed  as  its  lowest, 
and  a  small  coal  above  Pelton's  Vein  as  its  highest,  comprehends  on  Wolf  Creek  seven  distinct 
seams,  or  one  more  than  it  embraces  on  Mill  Creek,  due  probably  to  the  absence,  or  possibly  the 
non-discovery,  of  a  thin  bed  beneath  the  Cockle  Coal.  These  seven  known  lower  Red-Ash  seams 
are  embraced  in  775  feet  of  strata,  exceeding  by  more  than  300  feet  the  thickness  of  the  corre- 
sponding division  on  Mill  Creek. 

5.  The  middle  Red- Ash  group  embraces  on  West  Branch  and  Wolf  Creek  apparently  the  same 
four  coals  which  characterise  it  on  East  Norwegian  and  Mill  Creek — that  is  to  say,  the  Cockle, 
Clinton,  or  Yard  ;  the  Big  Tracey,  here  called  the  Little  Diamond  ;  the  Little  Tracey,  here  called 
the  Piatt ;  and  the  Peach  Mountain,  here  called  the  Spencer  or  Kantner.  The  division  of  the 
formation  to  which  these  coals  pertain  measures  about  400  feet,  an  expansion  of  100  feet  beyond 
its  thickness  on  Mill  Creek. 

6.  The  upper  Red- Ash  group  of  West  Branch  is  not  susceptible  of  quite  so  accurate  an  esti- 
mate of  the  number  of  its  coals  and  of  its  thickness,  as  the  groups  beneath  it.  Assuming  the  Black 
Mine  Coal  of  Fogarty's  Slope  Mine  to  be  the  true  Black  Mine  of  Pottsville,  and  the  Tunnel  Coal 
above  it  to  be  the  true  Peach  Mountain  bed  on  its  most  S.  dip,  the  coals  of  the  upper  group  of  this 
valley  hitherto  developed,  are  five  in  number,  though  it  is  probable,  from  the  size  of  the  vacant 
spaces,  that  the  whole  list  is  not  less  than  seven  ;  these  are  embraced  in  700  or  800  feet  of  strata. 

By  summing  together  the  average  thicknesses  of  all  the  coal-beds  in  this  district,  I  find  the 
total  depth  of  coal  to  be  121  feet,  which  in  2800  feet  of  rocks  shows  a  thickness  of  4  feet  4  inches 
of  coal-seam  to  each  100  feet  of  strata. 

COAL-MEASUEES  IN  THE  THICK  MOUNTAIN  NORTH  OF  DONALDSON. 

It  is  not  possible  to  estimate  the  total  thickness  of  the  Coal-measures  preserved  in  the  coal- 
field of  the  Donaldson  Basin  ;  nor,  indeed,  with  any  accuracy  in  either  of  the  W.  branches  of  the 
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Fig.  196.— Coal  Sti-ata  in  the 
Thick  Mountain  at  Donald- 
son.— 1  inch  =  200  feet. 


Bo»lf 


I  Clark's) 


FatMyJull 
*«e  9  feet. 


2  0- 


87  0 


3  0- 
70  0 


Voat,  3  to 
i  ft.  6  in. 


Black 
Valley  C. 
(  Gardner's) 


Big 


n  0 
,10  0 


main  valley.  We  can  do  little  more  at  present  than  indicate  the  remark- 
able change  of  type  which  the  several  groups  of  the  series  have  under- 
"  gone,  in  their  passage  from  the  Middle  and  Eastern  districts  of  the  basin 
to  the  valley  of  Good  Spring  Creek.  It  is  not  even  practicable,  as  far  W. 
as  Donaldson,  to  recognise  with  any  certainty  more  than  a  few  of  the 
groups  so  well  discerned  further  E. 

1.  The  lower  White-Ash  group  is  almost  entirely  obsolete,  being  repre- 
sented by  two  or  three  very  thin  and  impure  layers  of  coal,  outcropping 
among  the  sandstones  high  on  the  table-land  of  the  Thick  Mountain.  The 
Section  illustrating  the  strata  on  West- West  Branch,  shows  that  even 
there  this  lowest  group  is  reduced  to  nearly  the  same  attenuated  condition. 

2.  The  upper  White- Ash  group  is  richer  apparently  in  coal  than  it  is  at 
West- West  Branch.  It  embraces  at  Donaldson  the  three  lowest  workable 
seams  ;  a  bed  reputed  to  be  9  or  10  feet  thick  ;  a  thinner  coal,  supposed 
to  be  4  feet,  but  faulty  ;  and  the  so-called  Big  Coal,  estimated  at  1 6  feet. 
Counting  the  encompassing  strata,  this  division  of  the  measures  embraces 
nearly  400  feet.  The  so-called  Big  Coal  is  the  continuation  of  the  Forest- 
ville  seam  or  Black  Valley  bed  of  more  E.  localities,  and  is  therefore  on 
the  confines  of  the  White  and  Grey- Ash  groups  ;  indeed,  one  bench  of  it  is 
stated  to  yield  a  grey  or  pinkish  ash.  The  Black  Heath  Coal  of  Donaldson 
is  on  the  horizon,  therefore,  of  the  Anderson  of  West- West  Branch,  or  true 
Primrose,  if  this  elsewhere  persistent  bed  extends  so  far  W.  So  again  the 
Black  Valley  seam  of  Donaldson  is  the  equivalent  of  the  Orchard.    Both  of 

■23  0  these  are,  therefore,  representatives  of  the  Grey- Ash  group,  imless,  indeed, 
that  group  is  gone,  in  which  case  they  correspond  to  the  bottom  coals  of  the 
whole  Red-Ash  series.  It  would  be  idle  to  attempt  to  co-ordinate  the 
remaining  coals  of  the  Donaldson  Section  with  the  several  Eed-Ash  groups  of 
other  districts,  for  not  one  of  them  has  been  traced  by  mining,  or  even 
shafting,  into  any  recognised  Red- Ash  coal  of  either  Muddy  Creek  or  West- 
West  Branch. 


RELATION  OF  THE  COAL-BEDS  OF  MINE  HILL  VALLEY  TO  THE  WHITE 
ASH  GROUPS  OF  THE  MAIN  POTTSVILLE  BASIN. 

A  comparison  of  the  strata  at  the  E.  end  of  the  Mine  Hill  Basin,  and 
at  the  gorge  of  Mill  Creek  opposite  the  mouth  of  Wolf  Creek,  with  the 
lower  Coal-measures  S.  of  Mine  Hill,  demonstrates,  as  our  MiU  Creek 
Section  and  the  vertical  columns  will  show,  that  the  Big  Coal  of  Lawton's 
Old  CoUiery,  and  of  Montelius's  Open  Cut  fronting  Wolf  Creek,  is  the 
equivalent  of  Johns'  Great  Seam,  and  not  of  the  Mammoth  bed  situated  S.  of 
it.  It  is,  in  other  words,  the  Jugular  Coal  of  the  Mine  Hill  Basin,  the  Daniel 
Seam  of  the  more  W.  collieries  in  the  basin,  being  the  true  Mammoth. 
The  absence  of  the  Juo-ular  bed  at  theW.  localities  on  the  S.side  of  Mine  Hill, 
or  rather  its  great  reduction  in  size  at  Mine  Hill  Gap  and  elsewhere,  is 
perfectly  in  accordance  with  the  law  of  its  steady  and  rapid  diminution  to 


MINE  HILL  VALLEY. 


233 


the  W.  or  S.W.  all  the  way  from  Silver  Creek,  where  its  bulk  is  at  the  maximum  ;  indeed,  this 
diminution  extends,  with  but  one  or  two  exceptions,  to  all  the  coals  of  both  the  lower  and  upper 
"VVhite-Ash  groups,  applying  almost  as  strikingly  to  the  Mammoth  seam  as  to  the  Jugular  itself. 

A  study  and  comparison  of  the  several  columnar  Sections  introduced  into  this  chapter,  will 
enable  the  reader,  "W'ith  very  little  trouble,  to  verify  the  above  descriptions  of  the  various  groups 
of  coals  under  the  several  phases  they  assume,  and  to  learn  the  extent  and  the  special  nature  of 
their  many  and  curious  changes. 

From  this  description  of  the  structure  of  the  central  belts  of  the  coal-field,  it  is  obvious  that 
the  anticlinals  there  met  with  are  not  of  magnitude  sufficient  to  lift  to  the  surface  a  great  thick- 
ness of  the  Coal-measures  ;  the  small  number  of  the  North-dipping  coal-seams,  or  the  narrow- 
ness of  these  anticlinal  belts,  being  a  convincing  proof  that  the  flexures  are  of  minor  extent, 
compared  with  the  depth  of  the  whole  coal-formation.  They  are,  in  fact,  but  folds  or  local  2^lciits 
in  the  general  mass  of  the  South-dipping  strata,  which  slope  away  with  a  moderate  inclination 
from  the  elevated  Mine  Hill  anticlinal  towards  the  bottom  of  the  S.  trough  at  the  N.  foot  of  the 
Gate  Eidge,  or  the  deeper  one  at  the  base  of  the  Sharp  Mountain.  It  must  follow  from  this  fact, 
that  between  the  crest  of  Mine  Hill  (where  alone  the  conglomerate  floor  of  the  whole  coal  series 
is  hfted  to  the  surface)  and  the  uppermost  strata  of  the  S.  basins,  there  exists  an  enormous 
thickness  of  the  coal-bearing  rocks,  and  a  correspondingly  large  number  of  separate  seams  of 
coal.  The  precise  aggregate  thickness  of  the  Coal-measures,  and  the  exact  number  of  distinct 
beds  of  coal  rejecting  their  repetitions,  are  questions  remaining  in  some  doubt,  for  it  is  not 
practicable  at  the  present  time  to  determine  for  this  part  of  the  coal-field  the  true  place  and 
identity  of  every  bed  ;  nor  do  we  know  what  allowance  to  make  for  reductions  of  thickness  from 
compression  and  slipj)ing.  Yet  I  have  been  enabled  to  ofier,  in  the  preceding  chapter,  an 
approximate  determination,  which  may  not  be  without  its  interest  and  utility  to  the  reader,  and 
to  the  explorer  of  the  region.  If  we  assume  the  total  thickness  of  the  Coal-measures,  between 
the  top  of  the  conglomerate  of  Mine  Hill  and  the  highest  Eed-Ash  coal  at  the  Schuylkill,  to 
amount  to  about  3000  feet,  we  shall  not  be  very  far  from  the  truth ;  nor  shall  we  commit  an 
error  of  more  than  one  or  two  beds,  if  we  assign  twenty-five  as  the  total  number  of  coal-beds  of 
workable  dimensions.  To  these  there  must  be  added  nearly  an  equal  number  of  thin  seams  and 
bands  of  coal,  generally  neglected  on  account  of  their  unprofitable  size.  This  estimate  will  make 
the  whole  number  of  separate  beds  of  anthracite  preserved  from  denudation  not  much  short 
of  fifty. 

It  must  be  apparent  from  the  foregoing  evidence  of  the  dimensions  of  the  Coal-measures, 
and  the  number  of  the  coal-beds,  that  the  bold  assertion  often  indulged  in  that  the  Big  White- 
Ash  bed  lies  at  the  easily  accessible  depth  of  a  few  hundred  feet  in  the  middle  and  southern  parts 
of  the  coal-field,  is  absurdly  erroneous.  Nothing  but  gross  ignorance  could  have  prompted  to  the 
costly  borings  undertaken  to  reach  the  White-Ash  coal  on  East  Norwegian,  and  at  the  anticlinal 
axis  of  the  Gate  Ridge,  near  Pottsville. 
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FAULTS  AND  SLIPS  OF  THE  STRATA. 

Important  eflfects  have  been  produced  upon  all  the  inverted  coal-seams  to  the  S.  of  the  syn- 
clinal axis  of  the  Sharp  Mountain  Basin  by  the  excessive  pressure  exerted  upon  them  at  the  time 
they  were  elevated  and  inverted.  Throughout  nearly  the  whole  extent  of  the  Sharp  Mountain 
the  coal-seams  and  the  softer  aro  illaceous  beds  bear  the  marks  of  their  having  suffered  a  movement 
in  the  direction  parallel  with  the  plane  of  stratification,  analogous  to  the  sliding  which  takes  place 
between  the  adjacent  leaves  of  a  ream  of  paper  when  one  side  only  is  lifted.  In  some  of  the 
seams  nearly  the  whole  body  of  the  coal  itself  has  been  crushed  into  fragments,  and  the  boimd- 
ing  surfaces  of  these  are  brightly  polished  by  the  mutual  rubbing  they  have  undergone,  and  one 
bed  of  the  Sharp  Mountain,  called  hence  the  Plumbago  Seam,  has  nearly  all  of  it  been  converted 
into  small  lenticular  flakes,  of  a  lustre  and  colour  somewhat  resembling  black-lead.  An- 
other effect  of  this  slipping  of  the  coal  upon  itself  is  a  warped  or  trnsted  folding  of  the  coal- 
seams,  and  their  alternate  contraction  and  enlargement  by  undulations  in  their  confining  strata. 
Thus  the  levels  in  some  of  the  gangways  have  a  decidedly  serpentine  course,  and  similar  undula- 
tions of  roof  and  floor  are  visible  in  the  dii"ection  of  the  dip.  It  must  be  apparent  from  this 
statement,  that  the  coal-beds  of  the  Sharp  Mountain  can  in  very  few  instances  repay  the  miner 
the  cost  of  entering  and  working  them,  and  experience  has  already  amply  demonstrated  their 
general  unfitness  for  mining. 

Tunnels  several  hundred  feet  in  length  have  been  driven  through  these  coarse  sdicious  strata 
to  get  access  to  the  thick  White-Ash  coal-beds  near  the  bottom  of  the  series,  but  in  every  instance 
the  coal,  wheu  reached,  has  been  so  exces- 


sively crushed  as  to  prove  unprofitable. 

In  the  following  generalised  Section 
(fig.  197)  of  the  Sharp  Mountain,  an  at- 


tempt is  made  to  show   the   character  of       Fi.^  197.— Section  of  the  sharp  Mountain,  looking  W.,  showing  overtilted 
^  strata  and  crushed  coal-seams. 

the  crush  which  the  strata  have  undergone. 

An  important  class  of  disturbances  producing  faults  and  slips  of  the  strata  are  the  steep 
anticlinal  flexures.  The  most  conspicuous  of  these  in  the  Southern  basin  is  the  antichnal  wave  of 
Mine  Hill.  The  position  and  longitudinal  extent  of  this  axis  are  shown  upon  the  Map,  and  have 
been  already  spoken  of ;  but  the  present  is  the  proper  place  in  which  to  explain  the  special  influence 
of  this  uplift  in  its  effects  upon  the  Coal-measures  which  dip  away  from  it.  It  is  a  beautiful 
example  of  that  form  of  anticlinal  which  I  have  denominated,  in  my  general  Chapter  on 
Structure,  the  nurmal  flexure,  displaying  a  gentle  inclination  of  the  strata  upon  its  S.  side  not 
exceeding  20°,  and  a  dip  as  steep  as  60°  or  more  on  its  N.  It  is  therefore  an  oblique  arch,  and 
the  axis-plane,  or  that  which  bisects  the  curve,  is  not  perpendicular,  but  dips  steeply  to  the  S. 
From  this  attitude  of  the  strata  in  the  ridge,  and  also  from  the  far  greater  denudation  which  its 
N.  flank  has  suffered  compared  with  its  S.,  under  the  floods  which  have  poured  Southward 
against  it  from  off"  the  long  slope  of  the  Broad  Mountain,  the  Coal-measures  of  the  S.  slope  of 
Mine  Hill  rise  to  a  much  greater  height  upon  its  side  than  those  of  its  N.  The  lower  coal-beds  of 
the  series  are  extremely  valuable,  both  on  account  of  their  dimensions  and  their  excellent  quality. 
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and  on  tlie  S.  side  these  occupy  a  position  extremely  favourable  to  their  being  extensively  and 
successfully  wrought ;  and  they  have,  therefore,  become  the  site  of  some  of  the  most  important 
collieries  of  the  district.  But  upon  the  opposite  or  N.  side  of  the  ridge,  the  crest  of  which 
exposes  the  Serai  conglomerate,  the  coal-rocks  ascend  the  slope  too  short  a  distance  to  present 
any  useful  amount  of  breast  above  the  water-level.  This  arises  in  part  from  their  having,  as 
already  stated,  been  more  washed  away,  and  in  part  from  their  presenting  steeper  dips. 

There  is  a  very  different  amount  of  N.  dip  in  the  two  sides  of  the  Mill  Creek  Gap :  for  on  the 
W.  side  the  inclination  is  60°,  on  the  E.  it  is  80°.  There  has  therefore  happened  at  this  point  a 
transverse  or  N.  and  S.  dislocation,  arising  from  a  horizontal  as  well  as  an  upward  pressure. 

Similar  cross-fractures  are  discernible  in  a  difference  of  dip  in  the  opposite  valleys  of  many  of 
our  mountain-gaps,  as  at  the  Delaware  Water-gap  ;  and  they  will  be  found  to  be  in  very  many 
instances  connected  with  the  leading  anticlinals,  or  more  frequently  still  with  great  dislocated 
anticlinah,  which  ar  ethe  principal  longitudinal  faults  of  the  country. 

An  important  feature  of  the  Pottsville  Basin,  well  deserving  to  be  noticed,  is  the  more  undu- 
lated character  of  the  strata  in  its  S.  and  central  portions.  There  the  anticlinal  flexures  display  a 
strikingly  greater  inclination  of  their  N.  over  their  S.  branches.  They  possess,  in  other  words,  the 
characteristic  oblique  form.  Throughout  the  greater  part  of  the  district  usually  three  such  well- 
marked  anticlinals  occupy  the  middle  portion  of  the  valley,  while  other  contortions  of  less  length 
•are  variously  interposed  among  them. 

It  is  a  matter  of  very  general  observation,  that  whenever  the  North-dipping  coal-beds  are 
very  highly  inclined  or  perpendicular,  as  they  very  frequently  are,  they  are  more  or  less  crushed 
and  irregular,  and  of  no  lasting  profit  to  the  collier ;  and  it  is,  moreover,  well  known  that  they 
are  of  comparatively  shallow  depth,  turning  up  into  the  next  adjacent  South-dipping  seams  on 
their  North,  to  form,  with  these,  narrow  and  local  oblique  basins.  These  features  are  exemplified 
in  the  Lewis  and  Spohn  veins  of  Middle  Norwegian,  where  an  anticlinal  N.  of  the  main  regularly 
South-dipping  Lewis  Vein  is  connected  with  a  very  steeply  inclined  North-dipping  coal,  which 
is  faulty  and  crushed,  and  which  at  no  great  depth  unites  w^ith  the  so-called  Spohn  Vein,  which, 
dipping  Southward  towards  it,  forms  with  it  a  small  synclinal  trough. 

Contortions,  Faults,  and  Troubles. — Of  the  lesser  contortions  and  irregularities  in  the  strata, 
the  instances  in  this  district  are  almost  innumerable.  These  local  disturbances,  frequent  as  they 
are,  wiU  be  found,  upon  investigation,  to  group  themselves  into  a  few  classes,  in  each  of  which 
the  nature  of  the  displacement  is  easily  analysed. 

A  common  form  of  irregularity  in  the  coal-beds  consists  of  a  local  fold  or  inimple.  This  is 
of  the  nature  of  a  real  axis  or  small  flexure  in  the  strata  ;  and  when  such  is  the  case,  the  fold  will 
very  frequently  be  found,  when  traced  in  the  direction  of  the  strike  or  ujDon  a  level,  to  smooth 


Fig.  198. — Flexvire  in  Red  Mountain  Coal-bed,  Lorberry  Creek. 
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itself  out  and  disappear  in  the  general  dip.  An  illustration  of  this  irregularity  is  here  given 
(fig.  198),  taken  from  the  Red  Mountain  coal-bed  on  Lorberry  Creek  in  the  Swatara  district. 

Contortions  of  the  coal-beds  unaccompanied  by  fracture  are  very  nmnerous  in  some  portions 
of  the  coal-field.  Where  the  flexure  reaches  its  maximum  degree,  the  short  leg  of  the  anticlinal 
becomes  of  course  inverted,  and  then  the  coal  in  aU  this  part  of  the  bed,  and  at  both  the  anticHnal 
and  the  synclinal  elbows,  is  in  a  compressed  and  fragmentary  state.  There  are  other  irregularities 
of  the  coal  arising  from  a  sudden  change  of  inclination,  once  or  oftener,  within  a  smaU  space. 
Such  usually  announce  proximity  to  a  crushed  axis,  or,  what  is  the  same  thing,  to  a  longitudinal 
dislocation,  which  is  but  the  extreme  limit  of  the  displacement  that,  towards  its  termination, 
closes  and  becomes  a  mere  fold  or  axis. 

The  actual  displacements  or  breaches  of  contact  in  the  coal  may  be  divided  into  two  classes ; 
one  embraces  every  form  of  disturbance  in  the  coal-bed  parallel  to  its  dip,  the  other  every  variety 
of  cross  fracture.  The  first  might  for  convenience  be  caUed  parallel  slips,  the  others  are  named 
by  their  usual  title  of  faults  or  cross  fractures. 

In  very  many  instances  the  parallel  slips  present  an  extensive  disturbance  of  the  mass  of  the 
coal-bed  within  itself,  without  more  displacement  of  the  roof  and  floor  than  amounts  to  a  series 
of  local  bulgings  and  contractions  of  the  layer.  The  coal  has  rubbed  upon  itself,  and  is  in  a  more 
or  less  fragmentary,  friable,  and  polished  state.  To  admit  of  this  parallel  displacement  or  moving 
forward  of  one  part  of  the  bed  upon  the  other,  there  must  have  arisen  somewhere,  it  is  obvious, 
either  a  fracture  or  a  doubling  upon  itself  of  the  roof  or  the  floor,  or  of  both.  It  has  been  abeady 
shown  that  the  Sharp  Mountain  beds  illustrate  to  an  extraordinary  degree  this  form  of  displace- 
ment by  parallel  slipping. 

Not  infrequently  the  miner  comes  upon  fractures  in  the  roof  or  the  floor  of  his  coal-bed,  which 
explain  to  him  the  origin  of  local  parallel  dips.    In  these  cases,  the  one  boundary  of  the  bed 
giving  way,  and  not  the  other,  the  forward  movement  of  the  coal  causes  one  of  the  broken 
portions  of  the  roof  or  floor  to  pass  by  or  overlap  the  other,  and  even  to  bend  and  curl  up  under 
the  prodigious  pressure  applied  to  it.    This  is  exemplified  in  the  accompanying  Section  of  a  dis- 
turbance of  this  nature  in  the  great  bed  of  Lorberry  Creek,  where  the  floor  has  broken,  become 
involved  in  the  sliding  coal,  and  curved  back  upon  itself  until  it  has  met 
^'sJeifi^thTBTgCoat   the  roof     At  this  point  the  bed,  the  proper  thickness  of  which  is  about 
Pinegi-ove.      "  '    27  feet,  has  been  swollen  by  the  overlapping  of  its  splintered  ends  to  a  size 
of  50  feet. 

Of  the  other  class  of  displacements,  the  cross  fractures  or  true  faults,  little 
need  be  said  here  in  detail.    Where  they  range  with  the  strike  or  course  of 
the  strata,  they  will  be  found  to  terminate  generally  in  anticlinal  folds  or 
flexures,  first  closely  compressed  and  crushed,  but  farther  on  becoming  more 
^  regular,  and  at  last  dying  out  into  the  general  dip.    Such  longitudinal  faults 
bring  a  rock-waU  against  the  lower  end  of  the  coal-bed,  and  in  each  instance 
I  where  a  valuable  vein  is  thus  abruptly  cut  off",  it  becomes  a  problem  of  much 
practical  interest  to  determine  the  direction  in  which  the  lost  portion  of  the 
coal-bed  is  to  be  sought. 
It  may  be  accepted  as  a  general  rule,  not  w^ithout  its  occasional  exceptions,  that  these  longi- 
tudinal faults  consist  of  an  upthrow  of  the  vein  to  the  S.  of  the  fault,  so  that  the  remainder  of 
the  vein,  if  we  are  mining  downward,  will  be  recovered  at  a  point  above,  and  further  back 
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towards  tlie  outcrop,  compared  with  the  spot  where  the  rock-wall  crosses  the  mine.  Tracing  such 
a  fault  through  its  successive  stages,  we  shall  generally  be  able  to  resolve  it  into  a  hroheyi  oljlique 
flexure,  and  then  into  a  gentle  normal  one.  The  three  conditions  of  the  dislocated  flexure  are 
illustrated  in  the  diagrams  here  annexed. 

Another  species  of  cross  fracture  or  dislocation  is  where  the  break  is  transverse  to  the  strike 
or  course  of  the  strata,  sometimes  perpendicular  to  it,  sometimes  oblique.  These  displacements 
bring  a  rock- wall  abruptly  against  the  vein  in  the  direction  of  its  length,  or,  in  other  words,  at  the 
end  of  a  gangway  or  level ;  and  only  when  they  are  oblique  do  we  encounter  them  also  in  the 
direction  of  the  dip.  When  traced  for  any  considerable  distance  across  the  strata,  such  a  faidt 
will  be  found  to  be  connected  with  a  diSerence  in  the  slope  of  the  beds  upon  its  two  sides,  the 
one  portion  having  been  more  uplifted  than  the  other,  and  therefore  shoved  forward  beyond  it. 
Allusion  has  been  already  made  to  an  instance  of  this  sort  on  a  striking  scale  in  the  N.  side  of 


Fig.  200. — Successive  Phases  of  a  Dislocated  Flexure. 

Mine  Hill,  at  the  passage  of  Mill  Creek.  Another  example  is  to  be  seen  in  the  gap  at  the  Panther 
Head,  near  Pinegrove  ;  and  within  the  mines  in  the  Pottsville  district  many  more  such  cases, 
though  generally  upon  a  lesser  scale,  are  to  be  met  with.  These  are  all  to  be  explained  by  some 
inequality  in  the  transverse  pressure,  propagated  Northward  or  Southward  to  the  dislocated  strata ; 
and  this  inequality  will  usually  be  found  to  proceed  either  from  the  sudden  rising  of  an  anticlinal 
flexure  to  the  N.  or  S.  of  the  position  of  the  fracture,  or  from  the  sudden  termination  of  a  longi- 
tudinal dislocation.  Where  an  ohliquely  transverse  fault  divides  the  strata,  we  shall  usually  dis- 
cover that  the  most  uplifted  set  of  rocks  has 
been  shifted  forward  beyond  the  termination 
of  the  other  less  inclined  portion. 

Besides  the  foregoing  varieties  of  transverse 
displacement,  the  collier  encounters  innumer- 
able cases  of  lesser  degrees  of  fracture  and  

crush   disturbing  the  regularity  of  his   coal-  ^^-Cross  Fractures  displacing  a  Coal-seam. 

beds.  Sometimes  the  fault  amounts  to  only  a  trivial  heave  of  the  bed,  leaving  a  thin  leader  to 
guide  him  to  the  displaced  portion.  The  shivered  condition  of  the  strata  attending  such  irre- 
gularities is  sketched  in  the  little  Section  here  annexed 
(fig.  201). 

Another  less  common  form  is  shown  in  the  following 
sketch  (fig.  202),  which  represents  a  curious  disturbance 

in  the  Peach  Mountain  coal-bed  near  Minersville,  where  Fig.  202. — Dislocation  causing  a  Double  Outcrop  at  Peach 
,  ■■  ...  -  Mountain  Seam  near  Minersville. 

tne  transverse  pressure,  besides  breaking  the  strata,  has 

bent  up  the  end  of  the  coal-bed  into  a  perpendicular  position  past  the  remaining  fragment  of 
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Fig.  203. — -Sectiou  of  "  a  Trouble"  in  acoal-seaiu. 


the  seam,  whicli  has  heen  left  nearly  flat.    There  have  thus  been  formed  two  separate  outcrops. 

A  similar  fault  occurs  in  the  Peach  Mountain  Coal  on 
Silver  Creek. 

An  irregularity  much  more  frequently  met  with  than 
either  of  the  foregoing,  is  that  crushed  and  disordered 
condition  of  the  coal-bed,  which  properly  deserves  the 
^  name  of  a  trouble.    It  usually  accompanies  a  somewhat 

 ,  shattered  condition  of  the  adjoining  strata,  where  there 

has  been  a  partial  transverse  movement,  not  amounting  to  a 
distinct  cross-fracture  or  fault.  It  is  a  displacement  of  the  coal  in  directions  intermediate  between 
the  strictly  transverse  and  the  parallel,  and  therefore  partakes  of  the  features  of  the  true  fault  and 
the  shde.    A  common  form  of  these  troubles  is  shown  in  the  diagram  (fig.  203). 

It  is  of  the  greatest  importance  in  mining  that  the  collier  should  make  himself  familiar 
with  the  derangements  of  the  strata  in  his  particular  district  and  neighbourhood,  so  as  to 
determine  for  himself,  if  possible,  the  prevailing  character  and  direction  of  the  displacements.  An 
intimate  acquaintance  with  the  underground  workings  in  the  adjoining  mines,  will  very  frequently 
show  him  that  these  foUow  a  certain  rule  or  law,  and  it  will  teach  him  to  infer,  from  the  presence  of 
peculiar  signs  of  irregidarity,  not  only  the  nature  of  any  fault  or  derangement  which  he  may  be 
approaching,  but  the  readiest  means  for  either  avoiding  or  passing  through  it.  It  is  greatly  to  be 
regretted  that  a  sound  acquaintance  with  geological  principles,  especially  those  laws  of  structure 
which  furnish  so  admirable  a  key  to  the  complexities  of  our  Appalachian  Chain,  is  not  more  gene- 
rally diSused  among  the  colliers,  mining  engineers,  and  others,  who  have  the  conducting  of  our 
now  extensive  mining  operations  in  Pennsylvania.  Every  weU- wisher  to  the  S.  Commonwealth,  the 
interests  of  which  are  becoming  more  and  more  bound  up  with  the  prosperity  of  her  mines,  must 
earnestly  desire  the  education  of  her  mining  population,  out  of  whose  intelligence  and  invention 
alone  can  arise  the  wisest  economical  applications  of  the  great  mass  of  capital  which  her  coal-fields 
are  soon  to  absorb.    I  cannot  close  this  present  discussion  of  the  derangements  of  the  coal  strata, 
which  so  frequently  bafile  the  perseverance  and  waste  the  resources  of  our  miners,  without  press- 
ing upon  the  attention  of  all  interested  in  our  collieries  the  vast  importance  of  some  organised 
plan  for  the  construction  and  preservation  of  a  regular  series  of  mining  records,  through  which 
fuU  information  may  be  gained  at  any  time  of  both  the  present  and  the  past  situation  of  aU  the 
important  workings.    Already  vast  underground  tracts  have  been  wrought  out,  and  should  no 
permanent  registration  be  made  for  the  guidance  of  future  operators,  time  will  ine^^tably  eflace 
the  recollection  of  essential  details,  until  it  will  be  impossible  to  ascertain,  except  through  falla- 
cious traditions,  the  real  boundaries  of  the  coal,  and  especially  the  nature  of  the  faidts  which  so 
frequently  suspend  for  a  lapse  of  years  the  prosecution  of  certain  mines.    In  this  uncertainty, 
frequent  misapplications  of  enterprise,  a  large  waste  of  capital,  extensive  damage  to  property,  and 
even  serious  loss  of  life,  must  inevitably  be  incurred,  and  with  a  yearly  increasing  liability,  as  the 
old  workings  become  more  numerous.    England,  ever  watchful  of  her  industrial  interests,  and 
awakened  to  the  long-neglected  importance  of  this  subject,  has  secured  the  future  prosperity  of 
her  vast  mines  by  establishing,  on  a  scale  of  great  liberality,  an  office  for  the  preservation  of  such 
mining  records  of  every  description.    Let  Pennsylvania  think  of  her  own  future  necessities,  and 
profit,  while  there  is  yet  time,  by  the  valuable  lesson  which  the  exigencies  of  the  mining  art  have 
taught  the  Government  of  Great  Britain. 
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CHAPTER  I. 

GENEKAL  STRUCTUEE  AND  TOPOGRAPHY. 

The  Eastern  Middle  Anthracite  coal-field  of  Pennsylvania  is  bounded  on  the  S.  by  the  Eed- 
.shale  valleys  of  the  Quakake  and  the  upper  Catawissa,  on  the  N.  by  that  of  the  Nescopec,  on 
the  E.  by  that  of  the  Lehigh,  and  on  the  W.  by  the  branches  of  the  valley  of  the  Catawissa. 
It  comprises  a  high  roUing  table-land,  of  a  maximum  elevation  above  the  level  of  the  sea  of  a 
little  less  than  2000  feet.  It  is  penetrated  from  the  E.  and  W.  by  two  sets  of  main  anticlinal 
undulations,  some  of  the  longer  of  which  pass  each  other  in  the  more  central  portions  of  the 
plateau,  while  others  almost  unite  to  form  continuous  anticlinals  through  it.  By  a  law  of 
structure  prevalent  in  many  districts  of  the  Appalachian  Chain,  where  the  upper  rocks  left  by 
denudation  are  firm  and  resisting  ones,  and  the  strata  beneath  them  readily  eroded,  these  anti- 
clinals invariably  enter  the  coal-field  by  deeply  denuded  valleys  or  coves,  the  mountain-spurs 
enclosed  between  them  being  habitually  of  synclinal  structure.  Viewed  in  another  aspect,  the 
main  basins  of  the  district,  traced  E.  and  W.,  throwing  off  the  form  of  valleys,  run  out  into 
high  insulated  synclinal  mountain-spurs  ;  while  the  anticlinal  ridges  leave  the  table-land  under 
opposite  features,  passing  from  the  configuration  of  long  narrow  ridges,  separating  the  basins 
into  the  hollows  or  coves  which,  in  both  directions,  make  down  into  the  Red-shale  valleys  of  the 
exterior  country. 

Viewing  the  flexures  of  this  complicated  coal-field  in  a  large  way,  the  whole  district  naturally 
divides  itself  into  six  leading  synclinal  belts,  separated  by  five  general  anticlinal  ranges,  both 
the  synclinal  and  the  anticlinal  tracts  consisting  rather  of  chains  of  basins  and  saddles,  than  of 
simple  continuous  flexures.  Before  proceeding  to  a  detailed  description  of  the  individual  lesser 
saddles,  and  the  basins  of  coal  embraced  between  them,  it  will  be  expedient  to  indicate  these 
larger  features,  and  to  classify  the  great  anticlinal  belts,  and  the  general  coal-basins  which  they 
separate. 

ANTICLINAL  BELT  No.  1,  OE  THAT  OF  PISMIEE  EIDGE. 

The  first  anticlinal  belt  advancing  N.  is  that  of  the  long  and  wide  cove  or  valley  of  L^mbral 
red  shale,  entering  the  region  from  towards  the  Lehigh  between  the  E.  spur  of  Spring  JMountain 
and  Pismire  HiU,  and  occupied  by  Laurel  Run  and  the  Indian  House  swamp.    This  main  anti- 
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clinal  axis,  leaving  the  Red-Shale  Valley  by  a  hollow  in  its  N.W.  corner,  N.  of  Pismire  Hill 
of  Beaver  Meadow,  pursues  its  course  Westward  through  the  crest  of  Pismire  Ridge,  or  the  ridge 
which  at  the  turnpike  road  separates  the  North  Beaver  Meadow  from  the  Dreck  Creek  basins. 
Reaching  the  waters  of  the  Catawissa,  the  flexure  follows  the  denuded  Red-Shale  Valley  of  that 
stream  to  where  it  turns  to  run  Southward,  near  the  W.  side  of  the  Powell  Lands  ;  but  how  far 
it  is  prolonged  into  the  Green  Mountain  of  Catawissa,  or  whether  it  passes  entirely  through  it 
into  the  Catawissa  Valley,  are  points  not  as  yet  determined  ;  it  probably,  however,  dies  out  in 
Green  Mountain. 

From  the  cove  N.  of  Pismire  Hill,  to  Catawissa  Creek  W.  of  Cross  Run,  the  antichnal  axis  is 
arched  only  by  the  main  conglomerate  rock  of  the  base  of  the  Coal-measures,  while  E.  and  W. 
this  stratum  has  been  denuded  along  it,  and  the  Red  Shale  is  exposed. 

Coal  Basin  No.  1,  or  that  of  Beaver  Meadow. — Between  Spring  Mountain  as  a  Southern 
boundary,  and  the  above-mentioned  anticlinal  Pismire  Ridge  as  a  Northern,  Basin  No,  1  of  the 
district,  or  that  of  the  Beaver  Meadows,  occurs.  As  a  detailed  analysis  of  the  structure  and 
contents  of  this  interesting  coal-field  will  be  introduced  after  this  preliminary  sketch,  it  will 
suffice  to  mention  in  this  place  that  this  basin  is  forked  E.  and  W.  by  the  intrusion  of  subor- 
dinate anticlinal  axes  penetrating  it  from  both  quarters,  very  much  as  the  larger  anticHnals 
enter  and  traverse  the  general  table-land. 

ANTICLINAL  BELT  No.  2,  OR  THAT  OF  CATAWISSA  EEDGE. 

This  is  a  Western  anticlinal,  entering  the  coal  region  from  the  Red-shale  district  of  the 
Catawissa.  The  axis  appears  to  enter  the  table-land  by  the  cove  of  Red  Shale  which  divides 
the  middle  from  the  most  southern  of  the  three  bold  western  knobs  in  the  Green  Mountain. 
Thence  crossing  the  South  Tomhicken  or  Mud  Run,  it  ranges  as  a  long  straight  anticlinal  ridge 
between  the  Big  Tomhicken  and  South  Tomhicken  of  Catawissa  on  the  S.,  as  far  at  least  as  the 
Eagle  Swamp  ;  indeed,  this  axis  is  probably  prolonged  Eastward  nearly  to  the  Tamaqua  and 
Wilkesbarre  Road.  The  same  general  anticlinal  belt,  not  carrying,  perhaps,  the  same  axis,  but 
another  a  little  N.  of  it,  runs  forward,  in  what  is  called  Dreck  Ridge,  as  far  indeed  as  the  passage 
of  Hazle  Creek,  through  this  anticlinal.  This  Eastward  extension  of  the  anticlinal  belt  seems 
to  terminate  in  East  Pismire  Hill,  somewhere  E.  of  Hazle  Creek. 

From  the  South  Tomhicken  to  the  neighbourhood  of  Eagle  Swamp,  the  Western  anticlinal  of 
the  belt,  or  that  of  Catawissa  Ridge,  exposes  the  upper  beds  of  the  Umbral  red  shale  at  various 
points  along  the  axis,  while  at  intermediate  places  this  is  overarched  by  the  lower  beds  of  the 
conglomerate. 

Coal  Basin  No.  2. — This  is  the  narrow  and  straight  trough  of  lower  Coal-measures  confined 
to  the  valley  of  Dreck  Creek,  and  to  the  same  depression  prolonged  across  the  Tamaqua  Road 
towards  the  W.  It  terminates  towards  Cross  Run  of  Catawissa  Creek,  but  a  thin  covering  of 
Coal-measures  extends  N.W.,  forking  ofi",  as  it  were,  from  this  basin,  to  lap  across  the  Eastern 
subsided  end  of  the  anticlinal  of  the  Catawissa  Ridge  westward  of  the  Dreck  Creek  axis  ;  thus 
uniting  the  Dreck  Creek  basin  proper  with  a  long  narrow  synclinal  belt  of  Coal-measures  of  the 
Big  Tomhicken  stream  N.  of  the  Catawissa  Ridge.  It  is  this  oblique  passage  of  a  strip  of  Coal- 
measures  from  the  Dreck  Creek  basin  into  that  of  Big  Tomhicken,  which  has  led  to  the  prevalent 
error  of  these  being  one  and  the  same  basin  extended. 
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ANTICLINAL  No.  3,  OR  THAT  OF  COUNCIL  RIDGE  AND  LITTLE  TOMHICKEN  VALLEY. 

This  anticlinal  belt,  dividing  the  third  or  Hazleton  basin  from  that  of  Big  Black  Creek,  is 
composed  of  apparently  three  antic! inals,  not  strictly  continuous  with  each  other,  but  each  more 
Western  one  originating  a  little  N.  of  that  next  E.  of  it. 

The  FiEST  axis  of  the  belts,  advancing  from  the  Lehigh,  enters  the  table-land  of  conglomerate 
and  coal  N.  of  East  Pismire  Hill,  and  passes  through  the  deeply-excavated  gorge  in  the 
mountain  called  the  Owl  Hole.  Further  W.  it  is  the  anticlinal  of  the  high  broad  ridge  crossed 
by  the  Eockport  and  Conyngham  Road,  which  is  sometimes  called  Council  Ridge,  and  which 
I  propose  to  entitle  East  Council  Ridge.  This  axis  here  forms  a  broad  crest  of  conglomerate. 
S.W.  of  the  new  colliery  village  called  Fillmore,  a  small  oval  patch  of  Red  Shale  is  exposed  by 
denudation  ;  on  the  line  of  this  axis,  and  a  little  further  W.,  the  saddle  enters  the  Red-Shale 
Hollow  in  the  Eastern  end  of  the  true  Council  Ridge. 

The  Second  or  middle  axis  of  this  anticlinal  belt  is  that  of  the  true  Council  Ridge,  or  the 
broad  long  hill  which  separates  the  Hazleton  from  the  Black  Creek  coal-basins.  This  anticlinal 
is  traceable  from  the  wide  deep  Red-Shale  cove  excavated  in  the  end  of  the  ridge,  Westward  as 
far  probably  as  Cranberry  Creek  ;  indeed,  it  is  not  improbable  that  it  and  the  anticlinal  of  Little 
Tomhicken  Valley,  traceable  Eastward  as  far  as  Cranberry  Creek,  are  one  and  the  same  axis. 

It  elevates  the  upper  Umbral  rocks,  sometimes  the  upper  layers  of  the  Red  Shale,  and  some- 
times the  yellow  sandstones  which  lie  between  these  and  the  conglomerate,  in  a  narrow  belt 
along  nearly  the  entire  length  of  the  summit  of  C^ouncil  Ridge,  the  N.  and  S.  slopes  of  the  wave 
beino;  formed  of  the  cono-lomerate. 

The  Third  division  of  the  third  anticlinal  ranee  is  traceable  Eastward  through  the  reo-ular 
Red-Shale  cove  or  valley  of  Little  Tomhicken  Creek  to  about  the  Western  side  of  the  Powell 
Lands,  beyond  which  Eastward  the  axis  is  saddled  by  conglomerate  for  almost  its  entire 
distance  to  Cranberry  Creek.  Only  in  one  place,  or  less  than  a  mile  W.  of  that  stream,  do  the 
lower  Coal-measures  encroach  from  both  sides  towards  the  summit  of  this  anticlinal  arch. 

Coal-Basin  No.  3,  or  that  of  Hazleton.— This,  apparently  the  most  capacious  of  the  coal-basins 
of  the  district  enclosed  between  the  anticlinal  ranges  Nos.  2  and  3,  extends  as  a  continuous 
but  somewhat  compHcated  belt  of  coal  strata  from  a  little  E.  of  the  Board  Yard  in  the  valley  of 
Hazle  Creek  westward  even  to  the  junction  of  the  Little  and  Big  Tomhicken.  It  seems  to  ter- 
minate E.  in  two  blunt  prongs,  divided  by  a  broad  low  anticlinal  of  the  conglomerate,  and 
subsides  a  few  hundred  yards  to  the  N.E.  of  the  Board  Yard.  Westward  it  forks  in  a  much 
more  conspicuous  manner,  being  separated  by  an  anticlinal  ridge  of  conglomerate  at  Cranberry 
into  two  long  branch  basins,  the  more  Southern  one  ascending  Eagle  or  Cranberry  Creek,  and 
prolonging  itself  through  the  valley  of  Big  Tomhicken,  while  the  more  Northern,  ranging  W.  and 
N.  of  Long  Run,  terminates  in  the  Powell  Lands  north  of  the  Horse-shoe  Swamp,  in  the  watershed 
which  feeds  the  Sandy  Run  of  Black  Creek,  and  the  Little  or  North  Tomhicken.  Connected  with 
this  third  synclinal  belt  of  the  Coal-measures  are  the  two  Southern  small  basins  of  the  Buck 
Mountain  Company,  on  East  Pismire  Hill. 
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ANTICLINAL  No.  4,  OR  THAT  OF  EAST  BUCK  MOUNTAIN,  BLACK  CREEK  RIDGE, 

AND  RACOON  VALLEY. 

In  this  general  anticlinal  belt,  the  individual  axes  of  elevation  are  less  connected  than  in  any 
of  the  preceding  ones.  At  least  two  anticlinals  lift  the  conglomerate  between  the  W.  head  of 
the  Red  Shale  cove  of  Sandy  Creek  of  the  Lehigh,  and  the  Coal-measures  of  Cross  Creek  flowing 
into  Black  Creek.  The  rapid  subsidence  W.  of  these  axes  allows  the  lower  Coal-measures  to 
spread  themselves  in  a  broad  high  undulating  tract  W.  of  Cross  Creek,  and  between  the  better- 
defined  valleys  of  Black  Creek  and  Little  Black  Creek. 

■  Further  W.  in  this  tract  of  Coal-measures  originates  an  anticlinal  ridge,  called  Black  Creek 
Ridge,  lifting  the  conglomerate  between  the  two  valleys,  about  2  miles  E.  of  the  Wilkesbarre 
Road.  This,  which  may  be  regarded  as  the  middle  axis  of  the  belt,  crosses  that  road  at  its  inter- 
section with  Muddy  Run  of  Big  Black  Creek,  ranging  thence  W.  until  it  expires  somewhere  N.  of 
the  mouth  of  Little  Black  Creek.  This  anticlinal  exposes  a  broad  belt  of  the  conglomerate, 
divided  in  its  centre  by  a  long  narrow  oval  tract  of  the  red  shale,  exposed  by  denudation  of  the 
cono-lomerate  where  the  axis  is  his-hest. 

The  third  special  axis  of  the  belt  is  one  which  penetrates  the  table-land  E.  from  the  Red 
Shale  Valley  of  Racoon  Creek,  exposing  the  red  shale  as  far  as  to  within  a  mile  or  less  of  the  N.W. 
corner  of  the  Powell  Lands.  The  axis  is  saddled  from  thence  to  its  intersection  with  Cranberry 
Creek  by  the  conglomerates  beneath  the  coal,  this  part  of  its  course  being  along  the  flat  summit 
of  the  broad  ridge  bounding  the  main  Black  Creek  on  the  S.,  and  which  terminates  W.  in  the  syn- 
clinal spur  called  the  Little  Sugar  Loaf  Mountain.  This  anticlinal  seems  to  subside  somewhere 
S.  of  the  junction  of  Little  and  Big  Black  creeks,  its  range  being  considerably  S.  of  that  of  the 
middle  axis  of  the  belt. 

Coal-Basin  No.  4,  or  that  of  Big  Black  Creelc. — This  division  of  the  coal-field  lying  between 
the  anticlinal  range  of  the  Council  Ridge  on  its  S.,  and  that  of  Black  Creek  Ridge  and  East  Buck 
Mountain  on  its  N.,  consists  of  two  synclinal  patches  of  the  Coal-measures,  the  E.,  and  by  far  the 
longest  and  most  important,  extending  from  near  the  Owl  Hole  westward,  down  the  valley  of  Big 
Black  Creek,  to  the  intersection  of  this  with  Little  Black  Creek  ;  the  AVestern  consisting  of  an 
unimportant  narrow  and  shallow  trough  W,  of  Cranberry  Creek,  and  heading  near  the  sources  of 
Barn's  Run.  From  Jeddo  westward  to  the  mouth  of  Little  Black  Creek,  the  basin  is  of  simple 
structure,  but  eastward  it  forks  into  at  least  three  divisions,  the  most  prolonged  and  widest  of 
which  is  that  of  the  Fillmore  and  Buck  Mountain  Northern  Basin. 

ANTICLINAL  No.  5,  OR  THAT  OF  CONYNGHAM  VALLEY. 

The  next  and  last  main  anticlinal  belt  traversing  this  coal  district,  is  one  which,  ranging  E, 
along  the  Conyngham  Valley  north  of  the  Buck  Mountain,  penetrates  the  table-land  of  the  coal- 
basins  by  the  long  Red  Shale  cove  S.  of  the  East  Green  Mountain.  A  continuous  belt  of  the  Red- 
Shale  rocks  extends  from  the  Cove  eastward,  between  Buck  Mountain  and  Green  Mountain,  into 
the  anticlinal  valley  of  Swamp  Creek,  but  whether  lifted  by  the  one  axis  of  the  Conyngham 
Valley,  or  met  by  another  coming  in  Westward  from  the  Lehigh,  is  a  matter  which  must  remain 
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for  the  present  in  doubt.  This  anticlinal  is  nowhere  saddled  either  by  Coal-measures  or  the 
contjlomerate. 

Coal-Basin  No.  5,  or  that  of  Little  Black  Creek  and  Main  Black  Creek. — The  next  basin 
encountered  in  our  progress  Northward  is  a  long  and  narrow  synclinal  belt  of  Coal-measures, 
extending  from  East  Buck  Mountain,  east  of  Buck  Mountain  Creek,  to  West  Buck  Mountain,  west  of 
the  deep  defile  by  which  Black  Creek  passes  Northward  out  from  the  table-land.  The  Eastern 
half  of  this  trofigh  lies  chiefly  in  the  valley  of  Little  Black  Creek,  and  is  sometimes  called  the 
Little  Black  Creek  Basin.  The  Western  half,  from  the  entrance  of  Cranberry  into  Black  Creek, 
occupies  the  valley  of  this  latter  stream  the  whole  way  to  West  Buck  Mountain,  heading  West- 
ward near  the  source  of  Robert's  Creek.  It  is  doubtful  whether  the  E.  and  W.  basins  of  this  belt 
are  actually  united,  though  they  belong  strictly  to  oue  synclinal  wave.  It  would  seem  rather,  in 
the  present  imperfectly-developed  state  of  the  district,  that  the  Coal-measures  have  been  all 
denuded  from  out  of  the  trough  or  basin  above  the  junction  of  Big  Black  Creek  and  Cranberry. 

Next  its  E.  end  the  Little  Black  Creek  Basin  subdivides,  an  anticlinal  upthrow  of  the 
conglomerate  breaking  it  into  two  branches  ;  one  running  towards  the  main  Southern  spur  of  East 
Buck  Mountain,  the  other  keeping  a  more  Northern  coui'se  towards  the  N.  synclinal  spur  of  the 
same  range. 

Coal-Basin  No.  G,  or  that  of  East  Green  Mountain. — Between  the  anticlinal  last  mentioned, 
or  that  of  the  Conpigham  VaUey,  and  another  axis  situated  in  the  valley  of  the  Nescopec  and 
Oley  creeks,  occurs  the  almost  detached  coal-field  of  the  East  Green  Mountain.  This  embraces 
two  distinct  coal-basins,  separated  by  a  local  anticlinal,  which  lifts  the  upper  strata  of  the  Red- 
shale  formation  to  the  summit  of  the  mountain.  The  larger  of  these  basins  occupies  the  W. 
half  of  the  Green  Mountain,  while  the  smaller,  lying  about  one  mile  N.  of  the  E.  point  of  this 
main  one,  is  seated  just  at  the  N.  edge  of  the  table-land,  where  it  overlooks  the  valley  of 
Oley  Creek. 

Coal-Basin  No.  7,  or  that  of  M'Auleys  Mountain. — In  apparently  the  same  general  range 
or  belt  with  the  Western  Green  Mountain  Basin,  lies  the  remote  insulated  flat-topped  mountain- 
basin  of  M^Auley's  Mountain.  Whether  this  is  situated  between  the  same  anticliuals  Avhich 
enclose  the  coal-basins  of  the  East  Green  Mountain,  I  am  not  jDrepared  to  say,  and  therefore  deem 
it  wisest,  for  the  sake  of  avoiding  errors  of  classification,  to  rank  it  separately.  The  limits 
of  the  coal  in  this  basin  will  be  defined  in  a  future  chai^ter. 

Sugar-Loaf  Knol). — Nearly  in  the  same  general  synclinal  belt  with  the  East  Green  Mountain, 
and  M'^Auley's  Mountain  coal-basins,  and  just  about  midway  between  them,  stands  the  Sugar- 
Loaf  Knob,  an  oval  conical  synclinal  hill,  the  mere  peak  or  summit  of  which  is  capped,  and  pro- 
tected by  the  hard  lower  beds  of  the  Serai  conglomerate.  It  contains  no  Coal-measures,  but  is 
interesting  from  its  position  in  the  line  of  the  N.  range  of  basins,  showing  as  it  does  so 
unequivocally  the  prodigious  devastation  which  the  coal-rocks  have  undergone  throughout  all 
this  district  of  country.  The  oval  form  of  this  hill  is  suggestive  of  its  synclinal  structure,  its 
longer  axis  coinciding  with  the  strike  of  the  anticlinal  and  synclinal  lines  of  the  region. 


CHAPTER  11. 


THE  BEAVEE  MEADOW,  OR  SOUTHERN  BASIN  OF  THE  EAST  MIDDLE 
COAL-FIELDS,  OR  COAL  BASIN  No.  1. 

This  complex  synclinal  belt,  already  defined  as  lying  between  the  Eed  Shale  range  South  of 
the  Spring  Mountain  and  the  main  anticlinal  of  Pismire  Eidge,  embraces  several  closely-con- 
nected subordinate  coal-basins,  or  more  properly  one  irregular  basin  undulated  by  several  anti- 
clinal waves  into  three  connected  troughs.  These  range  from  a  little  E.  of  the  Mauch  Chunk  and 
Berwick  Turnpike  to  the  head- waters  of  the  Catawissa  Creek  ;  the  greatest  length  of  the  belt  of 
Coal  -measures  being  about  7  miles.  One  mile  or  a  little  more  will  express  the  average  breadth 
of  the  coal-field  from  Beaver  Meadow  westward  to  the  French  village,  though  from  Jeanesville 
to  the  latter  point  the  two  limits  of  the  coal  are  about  1^  miles  asunder.  The  E.  end  of  the 
general  basins  separates  into  two  prongs  or  subdivisions,  the  more  Southern  and  longer  one 
occupying  the  valley  of  the  main  Beaver  Creek  south  of  the  S.  crest  of  Pismire  Ridge,  and 
extending  apparently  for  half  a  mile  E.  of  the  village  of  Beaver  Meadow  ;  the  more  North- 
ern branch  heading  a  third  of  a  mile  Eastward  of  the  turnpike  in  the  table-land  N.  of  the 
South  Pismire  Ridge  and  the  main  N.  anticlinal  of  that  range.  The  N.  portion  of  this  coal-field 
breaks,  on  the  other  hand,  into  three  lesser  basins,  the  centre  one  being  by  far  the  widest  and 
longest.  Of  these,  the  most  Southern,  or  the  basin  of  South  Beaver  Creek,  running  forward 
past  the  German  village,  terminates,  so  far  as  the  Coal-measures  are  regarded,  about  1  mile 
nearly  S.  of  the  French  Company's  old  sawmill.  The  middle  and  largest  trough  heads  West- 
ward towards  the  synclinal  knob  S.  of  Pantlier  Run  ("?)  somewhere  upon  that  table-land,  perhaps 
1^  miles  S.W.  of  the  above-mentioned  sawmill.  And  thirdly,  the  most  Northern  of  the  three 
lesser  basins  apj^ears  to  have  its  W.  end  betw^een  the  French  village  and  the  sawmill,  about 
three-quarters  of  a  mile  from  the  former. 

ANTICLINAL  UNDULATIONS  OF  THE  BEAVEE  MEADOW  COAL-FIELD. 

Two  sets  of  anticlinals  undulate  and  disturb  the  general  Beaver  Meadow  basin,  the  one 
belonging  to  a  group  of  important  undulations  traceable  Westward  from  the  Lehigh  ;  the  other, 
to  two  or  more  leading  axes  entering  Eastward  from  the  Red-shale  district  of  the  Catawissa 
Valley. 

Eastern  Anticlinals  of  the  Coal-field — Anticlinal  Axis  a. — The  principal  Eastern  axis  a, 
passing  through  the  S.  crest  of  the  Pismire  Hill  north  of  Beaver  Meadow  village,  and  through  the 
Beaver  Meadow  Mines,  follows  the  valley  of  West  Beaver  Creek,  and  dies  out  under  the  village 
of  Jeanesville.  This  lifts  the  conglomerate  into  view  on  the  turnpike  a  little  S.  of  the  Catholic 
church  ;  it  forms  the  nearly  perpendicular  N.  dip  in  the  centre  of  the  old  Beaver  Meadow 
Mine,  and  carries  this  N.  or  perpendicular  dij)  along  the  valley  of  West  Beaver  Creek  to  the 
Jeanesville  Colliery  No.  1,  where,  by  the  dying  down  of  the  axis,  the  large  coal  thus  lifted  turns 
suddenly  S.,  and  saddles  itself,  basining  again  between  this  axis  and  the  anticlinals  next  S.  of  it. 
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The  Old  Open  Cut  Mine  of  the  large  Beaver  Meadow  coal-bed  was  wrought  upon  the  back  of 
this  anticlinal.  Slope  No.  4  is  likewise  situated  upon  it.  Near  this  last-named  colliery,  the 
denudation  which  cut  the  valley  of  the  West  Beaver  Creek,  sweeping  away  the  large  coal  from 
the  anticlinal  axis,  has  caused  its  S.  and  N.  outcrops  slightly  to  diverge  ;  the  S.  outcrop 
taking  the  foot  of  the  hill  S.  of  West  Beaver  Creek  and  of  the  railroad,  until  it  approaches 
the  N.  descending  ravine  half  a  mile  E.  of  Jeanesville.  Before  reaching  this  point,  the  denuda- 
tion of  the  measures  at  the  ravine  has  swept  away  the  Big  Coal,  causing  its  basin  to  terminate 
there. 

Anticlinal  Axis  b. — S.  of  the  anticlinal  we  have  just  traced,  there  ranges  another  which, 
entering  the  Coal-measures  N.  of  Beaver  Meadow  village,  in  the  broad  S.  shoulder  of  the 
Pismire  Hill,  passes  Southward  of  the  outcrop  of  the  great  coal-bed  of  the  Old  Beaver  Meadow 
Mines,  forming  the  Southernmost  of  the  two  nearly  perpendicular  N.  dips  which  undulate  that 
mass  of  coal.  It  is  this  axis  apparently  which  courses  N.  of  the  Colerain  Colliery  Breaker,  and 
through  the  N.  side  of  the  flat-topped  hill,  over  which  runs  the  Beaver  Meadow  and  Tresckow 
Road,  and  which  appears  just  S.  of  the  tunnel  on  the  Wharton  Vein,  in  the  ravine  or  hollow 
half  a  mile  S.E.  of  Jeanesville.  This  axis  probably  expires  in  the  South  Jeanesville  Basin,  more 
correctly  the  middle  trough  of  the  coal-field,  somewhere  near  or  W.  of  the  Tamaqua  Turnpike. 
Throughout  its  range  it  is  nowhere  oversaddled  by  the  Great  Coal-seam,  but  lifts  the  next  lower 
measures  to  the  surface,  the  point  of  nearest  appi-oach  of  the  outcrops  of  the  large  coal-bed 
being  just  N.  of  the  summit  of  the  high  flat  knob  containing  the  flattest  S.  dips  of  this 
anticlinal. 

Sub-Basin  a,  or  that  of  Axes  a  b. — The  E.  extremity  of  this  basin  is  a  mere  flat  synclinal 
table  at  the  S.  foot  of  the  conglomerate  N.  of  Beaver  Meadow  village,  and  deeply  denuded  of  its 
Coal-measures  at  the  head  of  the  Sand  Spring  ravine.  It  contains  none  of  the  Big  Coal  until 
we  go  about  a  quarter  of  a  mile  W.  of  the  turnpike  ;  there  the  basin  receives  the  E.  end  of  the  S. 
trough  of  the  large  coal  of  the  Beaver  Meadow  Mine,  the  outcrop  of  this  coal  being  discernible 
a  little  E.  of  Eatclifi"s  New  Slope,  on  the  railroad  leading  to  his  Breaker.  Contracted  at 
the  passage  of  West  Beaver  Creek  across  the  basin,  the  Big  Coal  expands  in  the  trough  again 
W.  of  the  stream  and  the  railroad,  and  forms  there  a  trough  between  the  base  and  the  brow 
of  the  hill,  terminating  by  denudation,  as  already  intimated,  E.  of  the  next  W.  ravine.  The 
lower  Coal-measures  of  course  are  not  thus  circumscribed  in  the  basin,  but  extend  from  one 
bounding  anticlinal  to  the  other.  It  is  witlnn  this  basin  at  its  W.  extremity,  or  near  the 
Tamaqua  Road,  that  a  small  anticlinal  undulation  intrudes  itself  almost  on  the  parallel  of  the 
old  colliery  in  the  ravine,  and  S.  of  the  main  W.  anticlinal  which  separates  the  Big  Coal  into 
two  outcrops  at  Jeanesville  Colliery  No.  2.  This  short  subordinate  anticlinal,  by  throwing  out 
the  large  coal  into  diverging  outcrops  E.  of  the  turnpike  and  in  the  ravine,  conspires,  with  the 
previously-traced  axis  b,  or  tliat  of  the  Wharton  Vein  Tunnel,  to  cut  oft'  the  large  coal  E.  of  the 
ravine  entirely  from  that  W.  of  it.  It  furthermore,  by  lapping  past  the  E.  point  of  the  main 
axis — that  of  Slope  N.  2 — causes  the  middle  basin,  or  that  S.  of  the  axis,  to  swing  its  outcrop 
of  the  large  coal,  and  the  mine  gangways  upon  it,  abruptly  Southward  near  the  turnpike. 

Anticlinal  Axis  c. — A  small  anticlinal  flexure,  parallel  Avith  that  last  traced,  and,  like  it, 
passing  through  the  shoulder  of  Pismire  Hill  just  N.  of  Beaver  Meadow  village,  crosses  the 
ravine  of  the  Sand  Spring  and  that  of  West  Beaver  Creek,  and  shows  itself  on  the  road  just  at 
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Colerain.  It  is  probably  tliis  roll  of  the  strata  which  disturbs  the  course  of  the  gangways  in  the 
W.  end  of  the  Cleaver  or  KatclifF  Mine. 

Basin  h. — No  defined  basin  is  traceable  between  the  anticlinals  b  and  c  from  N.  of  Beaver 
Meadow  to  Colerain,  the  data  being  too  imperfect ;  but  the  undulated  dipping  of  the  lower  Coal- 
measures  W.  of  Beaver  Meadow  intimates  that  this  basin  is  present  even  there  ;  but  W.  of  Cole- 
rain we  see  it  unequivocally  exhibited  in  the  flat  synclinal  hill  over  which  the  main  road  passes. 
Here  there  occurs  a  small  insulated  patch  of  the  large  coal-seam,  scarcely  covered  by  a  sufficient 
thickness  of  strata  to  admit  of  being  profitably  mined.  On  its  N.  edge  this  little  basin  of  the 
Big  Coal  shows  a  S.  dip  of  30° ;  but  this  quickly  flattens,  and  there  is  scarcely  any  decided  N. 
dip  belonging  to  the  anticlinal  c  to  the  S.  of  it. 

Other  undulations  seem  to  occur  between  the  crest  of  Pismire  Hill  and  the  N.  edge  of  the 
meadows  of  Beaver  Meadow  Valley,  ljut  the  ground  is  altogether  too  obscure  to  permit  our 
tracing  them  with  any  clearness.  They  undulate  the  lower  Coal-measures  N.  and  W.  of  Beaver 
Meadow  village,  and  will  greatly  interfere  with  the  successful  mining  of  the  one  or  two  other- 
wise workable  coal-seams  of  that  neio-hbourhood. 

Anticlinal  Axis  d. — A  fourth  regularly  traceable  E.  axis,  situated  to  the  Is .  of  the  main  saddle 
A  of  the  Pismire  Hill,  emerges  W.  from  the  N.  side  of  that  ridge,  crosses  the  turnpike  not  far  from 
the  Catholic  church,  and  descends  into  the  valley  of  North  Beaver  Creek.  On  the  S.  edge  of  this 
little  valley  it  exposes,  at  Slope  No.  8  of  the  Beaver  Meadow  Mines,  a  regular  broad  saddle  of  the 
large  coal-bed.  About  one-fourth  of  a  mile  further  W.,  it  passes  N.  of  the  Old  Slope  No.  1,  and 
beyond  this  it  gradually  flattens  away  or  expires  in  the  North  Beaver  ]\Ieadow  Basin,  or  North 
Jeanesville  Basin,  somewhere  S.  or  W.  of  Slope  No.  7.  This  anticlinal,  therefore,  divides  the  North 
Beaver  Meadow  Basin  into  two  branches  at  Slope  No.  8,  the  S.  branch  being  the  N.  basin  of  the 
old  mines,  and  the  N.  branch,  the  separate  narrow  trough  of  the  Big  Coal,  following  the  valley  of 
North  Beaver  Creek  from  that  point  to  the  neighbourhood  of  the  old  tavern  on  the  turnpike. 

Basins  of  Axes  A  to  d,  aiid  of  D,  and  of  Main  Axis  No.  1. — Little  need  be  said  in  addition 
to  what  has  just  been  stated  of  the  two  basins  separated  at  Slope  No.  8  by  the  intermediate 
axis  D.  The  E.  outcrop  of  the  large  coal  of  the  old  mines,  in  the  more  S.  of  these  two  branch- 
basins,  approaches  within  about  a  fourth  of  a  mile  of  the  turnpike  ;  while  the  same  thick  seam 
in  the  trough  next  N.  almost  reaches  to  the  road.  Thus  all  the  three  branch-basins  of  the  large 
coal,  the  two  of  the  old  mines,  and  that  of  North  Beaver  Creek,  terminate  very  nearly  on  the 
same  meridian,  or  the  same  N.  and  S.  line. 

WESTERN  ANTICLINALS  OF  THE  BEAVEE  MEADOW  COAL-FIELD. 

In  the  W.  half  of  the  general  synclinal  belt  embraced  between  the  leading  anticlinals  Nos. 
1  and  2,  there  enter  the  coal-field  from  the  W.  at  least  two  separate  anticlinal  axes,  which,  with 
the  N.  dip  from  Spring  Mountain,  and  the  S.  one  from  the  anticlinal  of  Pismire  Ridge,  form  the 
three  branches  into  which  the  general  coal-basin  divides  itself  W. 

The  most  Southern  of  these  anticlinals,  which  we  shall  designate  by  the  letter  e,  issuing  from 
the  Red-shale  country  of  the  Catawissa,  enters  the  table-land  of  the  coal  strata  by  the  hoUow 
which  divides  the  W.  end  of  the  Spring  Mountain  into  two  knobs.  Passing  thence  across  the 
head-waters  of  a  S.  tributary  of  the  Catawissa,  where  denudation  lays  bare  the  Red  Shale,  else- 
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where  covered  on  the  back  of  the  anticlinal  wave  by  the  conglomerate  and  the  Coal-measures,  as 
already  indicated,  the  axis  is  saddled  by  the  coal-rocks  about  a  mile  S.  or  S.E.  of  the  French 
Company's  old  water-driven  sawmill.  From  this  point  E.  to  the  Tamaqua  Turnpike,  and  indeed 
to  the  Tresckow  and  Beaver  Meadow  Eoad,  the  line  of  this  saddle  is  plainly  indicated  by  a  swell 
of  the  ground,  dividing  the  valley  of  the  South  Beaver  Meadow  from  the  head  stream  of  the 
Catawissa  on  the  W.,  and  the  waters  of  West  Beaver  Creek  on  the  E.  At  the  source  of  the 
Catawissa,  or  one  mile  W,  of  the  turnpike,  this  anticlinal  axis,  accurately  determined  in  position 
by  shaftings  for  coal  on  the  York  Company's  land,  lies  just  3200  feet  S.  of  that  company's  Slope 
Colliery  No.  1.  At  the  turnpike  it  lies  a  few  hundred  feet  N.  of  the  Tresckow  Hotel,  and  on  the 
road  thence  to  Beaver  Meadow  its  intersection  with  this  latter  road  is  about  3000  feet  E.  of 
Tresckow,  and  apparently  just  N.  of  a  shaft  and  boring  undertaken  hj  the  German  Company  in 
quest  of  the  large  coal.    Further  E.  than  this  point  it  is  not  at  present  traceable. 

Coal  3Ieasu7'es  on  Axis  e. — From  the  point  on  this  saddle  S.  of  the  French  sawmill,  where 
the  lowest  of  the  coal  strata  first  roll  over  the  conglomerate,  all  the  way  to  its  point  of  disappear- 
ance Eastward,  it  would  appear  to  be  nowhere  overarched  by  the  large  coal,  or  that  of  the  Old 
Beaver  Meadow  Mines,  but  to  be  overlapped  only  by  the  underlying  Coal-measures.  At  the 
shafting  S.  of  the  York  Company's  Slope,  the  two  coal-beds  next  beneath  the  Big  Seam  are  alone 
made  to  outcrop  on  the  opposite  sides  of  this  axis.  The  lowest  of  these  coals,  just  adjoining  the 
anticlinal  line,  measured,  it  is  said  by  those  who  did  the  shafting,  9  feet  in  thickness  upon  both 
outcrops.  The  other,  or  that  which  next  underlies  the  large  bed,  measures,  according  to  the  same 
good  authority,  8  feet  in  thickness  also  on  both  its  outcrops. 

Further  E.  along  the  axis,  it  would  seem  that  the  denudation  E.  of  the  Tamaqua  Turnpike, 
or  N.  of  Tresckow  village,  has  laid  naked  a  third  underlying  coal,  or  one  next  inferior  in  position 
to  that  opened  at  the  axis  further  W.  At  Tresckow  these  three  veins  are  severally  5  or  6  feet, 
4  feet,  or  4-^  and  8  feet  in  thickness.  The  occurrence  of  coal  so  low  in  the  series,  so  far  E.  as  the 
road  from  Tresckow  to  Beaver  Meadow,  mihtates  strongly  against  the  probability  that  the 
German  Company  will  find  the  large  coal  upon  their  estate  either  N.  or  S.  of  this  axis.  Our 
cross  section  of  the  district  will  show  that  the  three  lower  coals,  here  described,  occupy  the  whole 
N.  side  of  the  valley  of  Beaver  Creek,  even  to  the  stream  itself ;  and  it  is  impossible  to  conceive 
that  the  great  or  thick  bed  can  find  room  to  basin  above  them  in  the  centre  of  the  valley,  where 
the  dip  of  the  strata  is  known  to  be  nearly  horizontal.  The  only  possible  condition  under  wliich 
the  large  coal  can  occur  on  the  German  property,  is  as  a  l:»ed  beneath,  and  not  above,  the  three 
smaller  seams  indicated  in  the  Section  ;  but  these  are  almost  certainly  the  lower  coals,  or  those 
next  above  the  conglomerate,  as  may  be  seen  by  noting  the  close  proximity  of  that  rock  to  the 
S.  edge  of  the  bed  of  the  valley  at  Tresckow,  and  its  gentle  Northward  dip  there,  conditions  which 
almost  preclude  the  admission  of  any  such  series  of  coals  as  the  hypothesis  of  the  presence  of  the 
large  bed  beneath  these  three  of  the  section  would  imply.  The  exclusion  of  the  large  coal  from  the 
anticlinal  N.  of  Tresckow  may  be  considered  as  furthermore  demonstrated  when  we  trace  the 
uppermost  of  the  three  beds  at  Tresckow  from  its  place  in  the  bed  of  the  South  basin,  continuously 
by  the  bench  it  forms  and  the  shaftings  made  upon  it,  to  the  Slope  Colliery  seated  upon  it  W. 
of  the  road,  and  thence  again  to  the  shaftings  one  mile  further  W.,  and  there  identify  this  South- 
dipping  seam  with  the  8-feet-thick  bed  on  the  N.  side  of  the  axis,  seen  dipping  unequivocally 
N.  below  the  S.  outcrop  of  the  Big  Vein  in  the  Middle  or  York  Company's  Basin.    The  amount 
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of  uplift  at  tliis  anticlinal,  and  the  deep  and  wasting  deiiiidation  of  the  strata"  along  the  whole 
line  of  the  valley  of  South  Beaver  Creek,  have  left  this  basin  apparently  without  a  trace  of  the 
large  Beaver  Meadow  coal-bed.  If  a  narrow  strip  of  it  does  exist,  it  can  only  be  under  the 
marsh  or  Beaver  Meadow  opposite  the  town,  and  perhaps  for  a  mile  W. ;  but  that  even  such  is 
the  case  seems  to  me  quite  improbable. 

Basin  c,  or  that  of  South  Beaver  CreeJc. — Little  need  be  said  in  addition  to  the  observa- 
tions just  made  respecting  the  coal  contained  in  the  South  Beaver  Meadow  Basin,  or  that  which, 
further  W.,  is  the  basin  of  the  German  Company.  It  has  been  already  stated  that  the  Eastern 
termination  of  the  coal  in  this  trouo'h  is  a  little  E.  of  Beaver  Meadow  village,  and  that  from  E. 
of  Tresckow,  Westward  to  the  end  of  the  basin,  none  but  the  two  or  three  lowermost  coal-beds 
lie  within  it.  What  remains  to  be  said,  relates  to  the  more  central  part  of  its  range,  or  that  of 
the  neighbourhood  of  C^olerain.  A  little  E.  of  this  place  is  the  old  and  now  suspended  colliery, 
No.  3  of  the  Beaver  Meadow  Company,  wrought  in  a  South-dipping  bed  of  coal  some  9  feet  in 
thickness,  demonstrably  a  lower  coal  than  the  large  vein  of  the  Beaver  Meadow  Mines.  This  is, 
in  other  words,  the  Wharton  Slope  upon  the  Wharton  Vein,  generally  admitted  to  be  the  next 
under  the  Big  Coal.  Half  a  mile  to  the  W.  of  this  slope  occurs  the  Eastern 
extremity  of  a  Southward-sloping  basin  of  the  Big  Coal  bed,  lying  between  the 
Beaver  Creek  VaUey  and  the  Beaver  Meadow  and  Tresckow  Road,  and  capped 
Fig.  204. —Wharton  at  tliis  E.  cud  by  Clcaver's  (now  Ratcliff's)  Mine-drifts.     This  basin  of  the 

deck  E.  of  Jeanes-  -,  .        .       ,  ■,    ■,  t  n     -i       ^  ■^^  -\t 

vilie.  Big  Coal  I  regard  as  restmg  m  the  trough  between  axes  b  and  c  of  the  hm  N. 

of  it,  and  the  Eastern  prolongation  of  the  Northern  axis  c,  or  that  just  N.  of  Tresckow  ; 
and  I  conceive  that  the  influence  of  this  last-named  anticlinal  is  to  exclude  the  large  vein 
entirely  from  the  neighbouring  valley  of  the  South  Beaver  Meadow  Basin.  The  gradual 
subsidence  Westward  of  the  small  axis  c,  or  that  N.  of  the  Wharton  Slope,  allowed  a  sufficient 
depression  or  synclinal  trough  between  the  two  saddles  B  and  c  to  preserve  from  total  destruc- 
tion, by  denudation,  this  small  narrow  basin  of  the  large  coal  now  wrought  by  Ratcliff. 

Anticlinal  Axis  r,  or  that  of  Jeanesville. — The  more  Northern  of  the  two  anticlinals  which 
penetrate  the  Beaver  Meadow  Coal-field  from  the  W.  is  one  apparently  of  great  length  and 
straightness.  Terminating  as  already  indicated  just  at  Jeanesville,  it  comes  Eastward  from  the 
Red  Shale  Valley  of  the  Catawissa,  following  the  main  creek  to  a  mill,  and  thence  the  same 
valley  —  no  longer  occupied  l)y  the  creek,  however  —  to  Clark's.  It  crosses  the  Catawissa 
higher  up,  near  the  mouth  of  Panther  (?)  Run,  from  which  it  pursues  the  valley  of  this  tributary 
until  it  once  more  intersects  the  Catawissa,  now  near  its  source,  at  the  old  sawmill  of  the  French 
Company,  2\  miles  W.  of  Jeanesville.  About  half  a  mile  E.  of  the  sawmill,  the  C^oal-measures 
seem  for  the  first  time  to  saddle  themselves  across  the  anticlinal  axis  ;  first,  only  the  lowest  coal- 
beds,  and  opposite  tlie  French  village,  the  highest  of  this  inferior  group,  or  the  seam  next 
beneath  the  large  one.  It  is  not  until  we  approach  the  position  of  the  Jeanesville  Slope,  No.  2, 
that  the  large  seam  unites  its  two  outcrops  to  arch  itself  at  the  anticlinal  axis.  This  saddle 
appears  to  die  out  altogether  a  few  hundred  feet  E.  of  the  turnpike  at  Jeanesville,  the  workings 
in  Mr  Milnes'  Colliery  proving  that  it  expires  in  the  basin  S.  of  his  old  slope.  No.  1 . 

Basin  C,  or  that  of  the  York  Company,  and  tJie  Jeanesville  South  Slope  Mine. — Between  the 
two  principal  Western  anticlinals  e  and  f  is  embraced  by  far  the  largest  of  the  Western  basins 
of  the  Beaver  Meadow  Coal-field.     Commencing  our  description  of  it  at  the  ravine  S.E.  of 
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Jeanesville,  where  several  of  the  smaller  Eastern  anticlinals  break  it  up,  and  tracing  it  to  its 
Western  termination  in  the  Powell  Lands,  it  has  a  length  of  probably  4^  miles.  Its  breadth  at 
the  widest  place,  or  where  the  Coal-measures  saddle  both  its  bounding  anticlinals — namely, 
opposite  the  French  village,  and  for  a  short  distance  Westward — is  about  3700  feet.  From  a 
httle  West  of  the  turnpike  to  its  Western  limit,  this  basin,  so  far  as  we  know  it  from  the  hitherto 
imperfect  developments  made  within  it,  is  a  simple  synclinal  trough,  without  any  included 
saddles,  of  serious  magnitude  at  least,  to  undulate  its  strata.  The  highest  coal-seam  which  it 
contains  is  apparently  the  one  which  next  overlies  the  large  bed — in  other  words,  the  fifth 
ascending  of  the  series  as  at  present  ascertained.  The  only  place  at  which  this  coal  has  hitherto 
been  opened  is  on  the  York  Company's  ground,  2000  feet  S.  of  the  French  village ;  it  is  nearly 
in  the  centre  of  the  basin.  How  far  this  raua;es  E.  and  W.  is  not  known.  Both  the  N.  and  S. 
dips  are  very  gentle,  or  only  10°  or  12^,  but  at  the  foot  of  the  slope  the  dip  is  24°. 

Extent  of  the  Big  Coal  in  the  Middle  Basin. — Venturing  now  upon  an  approximate  trac- 
ing of  the  limits  of  the  large  coal-bed,  wx  find  the  basin,  as  already  stated,  cut  ofi"  by  the  ravine 
E.  of  the  turnpike  near  Jeanesville,  so  that  in  this  direction  the  E.  outcrop  does  not  lie 
1500  feet  E.  of  the  road.  The  N.  outcrop  of  the  Big  Coal  follows  the  N.  main  anticlinal 
from  Jeanesville  No.  2  Slope  to  a  point  nearly  2000  feet  S.W.  of  the  French  village. 
There  it  leaves  the  vicinity  of  the  anticlinal  axis  to  range  more  towards  the  S.W.,  converging  to 
meet  the  S.  outcrop,  running  more  nearly  Westward.  It  is  impossible,  in  the  present  unexplored 
condition  of  the  ground,  to  state  within  a  mile  or  more  where  the  W.  end  of  the  basin  of  the 
Big  Coal  actually  is ;  possibly  it  terminates  within  about  a  mile  W.  of  the  York  Company's 
Slope  No.  1  ;  that  is  to  say,  a  little  E.  of  the  denuded  valley  by  which  the  stream  draining  this 
basin  passes  Northward  to  the  Catawissa.  Possibly  also  it  extends  for  one  mile  Westward  of 
this  stream,  or  just  into  the  Powell  Lands  ;  but  if  it  does,  the  basin  can  have  no  profitable  breadth 
or  depth,  for  some  coal-shaftings  recently  made  show  that  nearly  the  whole  breadth  of  the  basin 
is  occupied  by  the  three  lower  coals.  The  total  breadth  of  the  belt  of  the  Coal-measures  at  this 
point,  the  E.  end  of  the  Powell  Lands,  is  about  1000  feet — a  narrowness  which  almost  necessarily 
excludes,  even  with  a  steeper  dip,  the  large  coal  of  the  middle  of  the  basin. 

Respecting  the  W.  limits  of  the  lower  Coal-measures — or,  in  other  words,  the  W.  extension  of 
the  trough  formed  by  the  upper  beds  of  the  Serai  cod  glomerate — too  little  is  known  to  permit 
me  to  venture  more  than  a  mere  conjecture,  founded  on  the  topographical  features  of  the  ground. 

1  think  it  probable  that  the  two  margins  of  the  lowest  productive  Coal-measures,  converging 
from  the  anticlinal  bounding  the  basin,  the  Northern  from  about  half  a  mile  W.  of  the  village, 
the  Southern  from  about  as  far  W.,  finally  meet  and  form  the  end  of  their  trough  or  basin  about 

2  miles  W.  of  the  French  Company's  old  sawmill,  or  one  mile  within  the  Powell  Lands. 
Possibly  the  coal  strata  may  extend  one-third  of  a  mile  further  Westward  into  the  highest  sum- 
mit of  the  broad  synclinal  knob  in  which  the  conglomerate  of  this  belt  terminates  ;  but  the 
exact  determination  of  the  W.  confines  of  the  coal  can  only  be  reached  by  patient  and  sys- 
tematic shafting. 

J eanesville  Slopes. — In  the  vicinity  of  Jeanesville  there  are  three  slope-mines  entering  the 
Big  Coal.  The  slope  E.  of  the  town  descends  at  an  angle  of  about  12°  Southward.  About  75 
feet  N.  of  the  tip  of  the  slope  the  measures  descend  upon  a  nearly  perpendicular  N.  dip,  and 
300  feet  N.  of  the  slope  the  coal  is  cut  in  a  perpendicular  shaft.  The  coal  crops  out  on  the  N.  side 
of  the  basin  about  500  feet  N.  of  the  shaft.  This  sharp  anticlinal  roll  seems  to  decline  rapidly 
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going  Westward,  and  will  cause  a  deflection  Southward  of  the  gangways.  The  coal  is  also 
worked  from  a  shallow  basin  S.  of  the  foot  of  the  slope,  and  over  a  saddle  into  S.  dips  again. 

AVest  of  the  town  about  1000  feet  are  two  slopes  on  the  contrary  dips  of  an  anticlinal  over 
which  the  coal  is  laid  bare  in  an  open  cut.  This  roll  seems  to  decline  Eastward,  for  the  coal 
cannot  be  traced  beyond  the  slope  E.  of  the  village.  If  this  be  the  case,  it  will  afiect  the 
direction  of  the  gangways  driven  Eastward.  The  dip  on  the  N.  side  of  the  axis  at  the  slope 
is  25°,  at  the  top  steepening  to  45°.    In  the  S.  it  is  from  25^  to  30°. 

In  the  open-cut  the  following  measurements  of  the  Big  C*oal  were  taken  : — 

Slate  and  bony  coal, 

(Coal,  good, 
Bony  coal, 
Coal,  good, 
Coal,  bony. 
Slate, 

Coal,  impure, 
Slate, 
-Coal,  very  good. 
Slate,  fissile, 
Coal,  bony  and  slaty, 
Coal,  good. 
Slate, 

Coal,  bony, 
Coal, 
Slate, 

The  divisions  of  the  large  bed  are  nearly  constant.  At  the  Beaver  Meadow  Mine  the  Section 
reads  as  follows  : — 


or  ( 
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Fig.  205.— Big  Coal,  Jea-nes 
villo,  at  "  Open  Cut." 


Poor  Man's- 


7-feet  bench 


4-feet  bench 


Feet. 

Inches. 
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0 
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0 
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3 

9 

Fig.  206.— Biff  Coal,  Beaver 
Meadows. 


Rock  cover, 

Bone,  1  foot, 

The  6-feet  bench. 

Coal,  and  slate,  and  bone, 

Poor  Man's  Coal, 

Coal,  and  bone,  and  slate, 

Tlie  7-feet  bench,  . 

Bone  and  slate, 

The  lower  4-feet  averages. 


1  foot. 
6  feet. 

3  „ 

4  „ 
3  „ 

6^  feet  of  coal. 

2  feet. 

3i  feet  of  coal. 
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Coal  and  slate  worked  together  (of  which  2  feet  3  inches  is  coal),         .         14  feet. 

Tlie  7-feet  coal,  .......  7  feet. 

Slate,    .........  I  foot. 

The  lower  4-feet  bed  has         ......  5  feet  of  coal. 

Shaftings  on  the  North  York  Company's  W.  tract,  beginning  on  the  N.  side  of  the  basin  : — - 
1st.  A  shaft  about  300  feet  S.  ;  conglomerate  ;  coal  and  coal-dii-t,  5^  feet ;  bottom  of  fli'eclay,  with  Stig- 
mai-ia  ;  S.  dip  35°.    Forty  yards  S.  of  this  first  is  the 

2d  Coal,  4  feet  thick  ;  fireclay  bottom,  with  Stigmaria;  S.  dip  35°  ;  then  it  is  about  20  yai-ds  to  the 
3d  coal,  shafted  to  7  feet  of  coal  and  dirt.    It  is  about  45  yards  to  the 
4th  coal.    It  showed  6  inches  of  coal,  with  black  dirt  and  slate. 
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North  Beaver  Meadow  Basin,  or  Basin  g. — The  Northern  division  of  the  Beaver  Meadow 
Coal-field,  or  that  which  receives  the  South-dipping  strata  of  the  S.  flank  of  Pismire  Eidge  (not 
Pismire  Hill,  N.  of  Beaver  Meadow  village),  is  bounded,  as  we  have  already  seen,  by  the  anti- 
clinal axis  A  from  the  Beaver  Meadow  Turnpike  to  the  Jeanesville  Slope  No.  1,  while  Westward 
from  Jeanesville  it  is  bounded  Southward  by  another  anticlinal  f,  not  strictly  in  prolongation 
with  A,  but  a  little  S.  of  it.  This  basin  towards  it  E.  end  is  divided  into  two  short  branches  by 
the  intruding  axis  n  :  its  W.  portion,  on  the  other  hand,  is  enlarged  at  Jeanesville  by  the  dying- 
out  of  axis  A,  and  by  the  rising  of  axis  f  further  Southward. 

Limits  of  the  Big  Coal  in  the  North  Beaver  Meadow  Basin. — The  S.  limit  of  the  Big  Coal 
in  this  basin  coincides  very  nearly  with  these  two  anticlinals  D  and  F,  until  we  pass  a  little 
distance  W.  of  J eanesville.  There  the  outcrop  of  the  Big  Coal,  runniug  Westward,  diverges  from 
the  anticlinal  f,  and  when  within  from  1000  to  2000  feet  of  the  French  village,  it  terminates  or 
swings  round,  and  joins  the  N.  outcrop.  This  Northern  limit  of  the  large  coal,  commencing 
a  little  W.  of  the  Beaver  Meadow  Turnpike,  and  ranging  first  South-westward,  passes  slope 
No.  7  of  the  Beaver  Meadow  Mines,  beyond  which  it  takes  a  somewhat  more  Westerly  direction, 
untU  within  one-fourth  of  a  mile  of  the  Wilkesbarre  Road  at  Jeanesville.  It  crosses  the  railroad, 
intersecting  the  turnpike  about  400  feet  N.  of  the  creek  in  Jeanesville.  This  outcrop  very 
gradually  curves  more  and  more  Southward  in  the  direction  of  the  French  village,  until  it  meets 
the  S.  edge  of  the  coal  already  traced,  somewhere  in  the  space  above  mentioned  E.  of  the  French 
settlement,  and  in  the  neighbourhood  of  the  York  Company's  Branch  Railroad.  Upon  this  view 
of  the  W.  limit  of  this  valuable  basin  of  the  large  coal,  it  scarcely  enters  the  French  Company's 
lands.    The  total  of  the  trough  thus  assigned  to  it  is  a  little  less  than  3  miles. 

The  Eastern  and  Western  limits  of  the  lower  Coal-measures  belonging  to  this  North  Beaver 
Meadow  Basin  have  been  already  indicated  ;  the  first  was  stated  to  occur  within  half  a  mile  E.  of 
the  Beaver  Meadow  Turnpike,  and  the  last  about  three-fourths  of  a  mile  W.  of  the  French  village. 

Dreck  Creek  Coal  Basin,  or  Basin  No.  2. — Very  few  particulars  can  be  given  respecting 
either  the  precise  limits  or  the  contents  of  this  compara- 
tively unimportant  belt  of  Coal-measures.  Lying  on  the  N. 

slope  of  Pismire  Ridge  far  Westward  in  the  shallow  valley  '  /  ^    

of  Dreck  Creek  and  its  Westward  extension,  this  strip  of  the  '^"^-East  Kud  ot  bpnng  Mountun.. 

coal-rocks  would  seem  to  embrace  no  portion  of  the  large  or  Hazleton  Coal-bed,  but  only  some  of 
the  underlying  Coal-measures.    The  valley  seems 
to  be  denuded  of  even  these  strata  everywhere  East- 
ward of  a  point  less  than  2  miles  E.  of  the  Berwick 

Turnpike.    How  far  Westward  they  actually  con-  '    Fwr208.-spring  Mountain"  t  confluence  of  Beuv^-  auT 
tinue  in  the  basin  is  a  point  not  ascertained,  the  ^^^"^  Creeks, 

acknowledged  absence  of  the  large  coal  having  withheld  inducement  to  any  artificial  trials  in 
quest  of  such  coal-beds  as  may  exist.  True  coal-rocks  seem  to  extend,  however,  along  the  N.  side 
of  Pismire  Ridge  nearly  to  Cross  Run,  or  opposite  the  Eagle  Swamp.  A  coal-bed,  probably  the 
lowest  in  the  series,  has  been  opened  in  the  basin  by  shaftings,  but  the  coal  was  not  fully  proved. 

iV ote. — The  above  two  cuts  (figs.  207,  208)  omitted  at  the  proper  place  of  insertion  (see  p.  245),  exhibit  the  slender- 
ness  and  closely-folded  structure  of  the  South  Beaver  Meadow,  or  Spring  Mountain  Basin,  towards  its  E.  end.  The 
Coal  -measures  displayed  are  not  productive. 


CHAPTER  III. 


THE  HAZLETON  BASIN  AND  ITS  BRANCHES,  OR  BASIN  No.  3. 

It  has  been  already  stated,  in  our  general  account  of  this  basin,  that  it  forks  both  Eastward 
and  Westward  through  the  intrusion  of  subordinate  anticlinals.  It  is  expedient  that  we  indicate 
the  position  and  the  eflfects  of  these,  as  essential  to  a  clear  understanding  of  the  limits  of  its 
coal  strata. 

ANTICLINALS  h  AND  j. 

Turning  our  attention  first  to  the  E.  extremity  of  this  coal-field,  an  anticlinal  axis,  H  of  the 
Map,  ranges  through  the  middle  of  the  East  Pismire  Hill  in  the  Buck  Mountain  Company's 
estate,  dividing  the  Southern  coal-field  of  that  Company  into 
two  basins — their  Basins  No.  1  and  2,  or  h  and  i  of  our  <- 

nomenclature.    (See  Cut,  fig.  209.)  '^Z^^^^^^^ 

The  efi"ect  of  this  saddle  is  barely  to  separate  the  Large  EastPkmire  hui. 

Buck  Mountain  Coal  of  these  basins  into  two  outcrops,  which  at  their  nearest  approximation 
almost  unite  upon  the  axis.  Between  these  basins  the  anticlinal  wave  is  comparatively  of  gentle 
curvature,  but  W.  of  the  termination  of  the  smallest,  or  Southern  basin,  the  dips  upon  its  two 
sides  grow  steeper  ;  that  of  the  S.  edge  of  the  Northern,  or  basin  i,  being  as  sharp  as  45°. 

Another  anticlinal,  J  of  the  Map,  lies  directly  in  the  range  of  this  axis  h,  and  in  all  proba- 
bility is  but  the  W.  prolongation  of  it  ;  and  my  only  reason  for  not  designating  them  upon  the 
Map  as  one  axis  is,  that  the  intervening  country  being  obscure  as  respects  the  dips,  and  there 
being  little  or  no  coal  in  it  to  incite  to  any  explorations  by  digging,  the  actual  continuity  of 
the  anticlinal  has  not  been  yet  established. 

This  anticlinal  J  divides  the  E.  extremity  of  the  proper  Hazleton  Coal  Basin  into  two  short 
and  broad,  but  shallow  branches,  the  S.  one,  or  that  of  the  Board  Yard  on  Hazle  Creek,  being 
seemingly  the  longest.  As  far  W.  as  the  road  leading  N.  from  the  Board  Yard  to  Jeddo,  this 
anticlinal  is  overspread  by  very  gently-dipping  beds  of  the  conglomerate  ;  but  a  little  fm-ther  "W. 
the  lower  Coal-measures  probably  close  over  the  axis.  The  effect  of  this  saddle,  thus  opposing 
itself  to  the  E.  prolongation  of  the  Hazleton  Basin,  has  been  to  lift  out  the  Coal-measures,  or  to 
expose  all  but  the  very  lowest  of  their  strata  to  a  wasteful  denudation.  The  mere  flattening-up 
of  the  bottom  of  the  basin  in  Hazle  Creek  at  the  W.  subsidence  of  this  saddle,  has  had  the  eff'ect, 
of  course,  of  exposing  to  removal  the  whole  of  the  upper  Coal-measures,  with  the  Big  Coal 
included.  This  axis  is  traceable  to  within  one-third  c«„„.„  kw.,,. 
of  a  mile  E.  of  Stockton  Colliery. 

Basin  h,  or  No.  1  of  the  Buck  Mountain  Com- 

,     J.        -         n-ii  •  Ti    T       •         f     1       -r>      1    n  r  Fl'^  "JIO. — Section  one  mile  Kast  of  Hazleton. 

panys  Lands. — ihis  small  basm  or  the  Buck  Moun- 
tain Coal,  now  nearly  wrought  out,  lies  on  the  S.  summit  of  East  Pismire  Hill,  just  E.  of  the 
Conyngham  Eoad.    The  basin,  tapering  to  a  narrow  point  E.,  has  had  all  the  coal  removed 
from  its  broader  W.  end.    It  is  a  symmetrical  httle  trough  of  the  large  coal,  the  N.  and  S.  dips 
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beino-  nearly  equal,  and  about  25° ;  its  length  is  about  three-fourths  of  a  mile.  This  Buck 
Mountain  Company's  coal-bed  is  here  evidently  the  lowest  productive  seam  of  the  series.  It 
lies  only  a  short  distance  above  the  conglomerate,  and  there  are  no  traces  of  any  other  coal-bed 
underlying  it.  Nevertheless,  it  is  by  many  persons  regarded  as  the  equivalent  of  the  great  Coal- 
seam  of  the  Hazleton  Basin,  the  chief  reasons  alleged  being  that  the  coal  itself  is  too  pure  for 
either  of  the  lowest  or  underlying  seams  ;  and  moreover,  that  it  contains  the  same  three  benches 
into  which  that  thick  mass  is  invariably  subdivided.  I  cannot,  however,  adopt  this  view  for 
the  following  reasons.  In  the  first  place,  it  implies  too  abrupt  a  change  in  the  Coal-measures, 
for  it  assumes  that  nearly  all  the  strata  between  the  conglomerate  and  the  great  coal — that  is  to 
say,  three  beds  of  coal  and  their  three  thick  overlying  masses  of  strata,  ponderous  conglomeritic 
sandstones  chiefly — should  all  vanish  on  account  of  an  original  deficiency  of  material,  within  the 
short  space  of  5  miles  from  where  we  know  the  series  to  be  full  and  complete. 

In  the  second  place,  it  presupposes  that  the  presence  or  the  absence  of  the  bird's-eye  struc- 
ture is  a  more  permanent  characteristic  than  it  truly  is,  not  considering  that  this  is  an  accidental 
consequence  of  a  peculiar  stage  of  metamorphism,  and  not  an  inherent  condition  belonging  to 
special  beds  of  coal  throughout  their  whole  extension.  That  this  bird's-eye  fracture,  so  usually 
accompanied  by  thin  perpendicular  scales,  or  pellicles  of  pure  white  silica  in  the  little  fissures, 
is  not  an  original  feature  of  the  coal,  but  a  superinduced  one,  is  manifest,  from  the  fact  of  its 
crossing  or  cutting,  and  not  coinciding  with,  the  lamination  or  plates  of  deposit  of  the  coal.  It 
has  evidently  been  introduced  long  subsequently  to  the  deposition  of  the  coal-beds  at  the  period 
of  their  upheaval,  consolidation,  and  metamorphism. 

The  argument  asserting  the  identity  of  the  Buck  Mountain  Coal  with  the  large  Hazleton 
Bed,  from  a  correspondence  between  the  two  as  respects  their  benches,  overlooks  the  fact  that  at 
various  points  both  in  the  Hazleton  and  the  Beaver  Meadow  coal-fields,  the  lowest  coal  of  the 
series  is  similarly  compounded,  and  made  up  of  three  separate  layers  or  benches,  as  may  be  seen 
by  consulting  the  statements  made  respecting  it  in  these  Chapters. 

Basin  i,  or  No.  2  of  the  Buck  ^fountain  Company. — This  basin  commences  somewhere 
within  one  mile  E.  of  the  Conyngham  Eoad,  and  just  N.  of  basin  li.  Its  W.  termination,  not  yet 
established,  is  a  little  W.  of  the  West  line  of  that  Company's  lands,  or  about  2  miles  N.E.  from 
the  Board  Yard.  Its  greatest  breadth  opposite  the  New  Slope,  from  outcrop  to  outcrop  of  the 
Big  Coal,  is  from  800  to  900  feet,  and  here  the  dip  of  the  strata  is  on  both  sides  about  45°. 
Notwithstanding  the  seeming  regularity,  there  occurs  within  the  basin  an  anticlinal  roll,  the 
coal-bed  being  lifted  in  a  saddle  just  in  front  of  the  bottom  of  the  mine  slope.  So  abrupt  an 
arrest  to  the  further  progress  of  the  slope,  required  the  cutting  of  a  short  tunnel  across  the  saddle 
to  intercept  the  main  N.  dip  by  which  the  coal  descends  into  the  bed  of  the  basin. 

Coal  of  the  Buck  Mountain  Company's  Basms. — This  coal-bed,  as  already  stated,  is  com- 
posed of  three  separate  benches  or  seams,  the  dimensions  of  which  are  as  follows  : — 

Good  coal. 
Coal  a  little  rough. 
Bough  and  bony  coal. 


An  upper  bench, 
Slate, 

A  middle  bench, 
Slate, 

A  lower  bench, 


9  feet  thick 
2 

5  or  6  „ 

A  thin  parting. 

2  or  2  feet  6  inches. 
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Basin  j,  or  that  of  the  Board  Yard. — Precisely  how  far  to  the  E.  this  shallow  Southern 
co»«c«  jiirfffe.  branch  of  the  main  basin  ranges,  is  not  at  present 

known  ;  but  it  ceases  probably  within  1^  miles  E. 
^^^^^iF't'^^' :\^-  'Jg;^^   of  the  Board  Yard. 
Kia  21  i.-iiazicton  Basin,  K.  of  the  Board  Yard.  Towards  the  N.  sidc  of  tMs  troucrh  a  coal-bed  has 

been  proved  a  little  S.  of  the  conglomerate  of  the  anticlinal,  at  a  point  about  300  yards  N.E.  of 
the  Board  Yard.  The  coal-seam  reached  at  a  depth  of  17  feet,  and  dipping  S.  with  a  gentle 
angle,  has  a  thickness  of  6  feet  4  inches.  It  is  a  rough  coal,  with  the  ordinary  bird's-eye 
fracture  so  common  in  the  lowest  coal-seams  of  this  district.  This  is  probably  Coal  No.  1  of 
the  series.  The  width  of  the  basin  at  this  point,  or  to  the  S.  outcrop  of  this  same  lowest  coal 
near  the  railroad,  is  about  400  yards. 

Another  outcrop  of  a  coal-bed  has  been  caught  by  shafting  at  a  point  about  half  a  mile  W. 
of  the  Board  Yard,  near  the  railroad.  Some  persons  have  conjectured  this  to  be  the  Main 
Hazleton  Coal  ;  but  there  is  no  actual  evidence  as  yet  that  the  large  coal  extends  so  far  down 
the  valley  of  Hazle  Creek,  no  actual  openings  having  been  made  upon  it  E.  of  the  Stockton  Mines. 

Basin  k. — The  North  Branch  of  the  E.  end  of  the  Hazleton  Basin  is  evidently  a  short  and 
shallow  recess  from  the  main  basin  N.  of  the  anticlinal  J.  Coal  has  been  lately  found  in  this 
basin  a  little  W.  of  the  road  leading  past  its  E.  end  to  Jeddo.  The  bed,  whose  outcrop  is  not 
far  S.  of  the  North-bounding  outcrop  of  conglomerate,  has  been  reached  by  a  shaft  18  feet  deep, 
the  top  rock  being  a  loose  grey  sandstone,  somewhat  pebbly.  The  coal,  evidently  the  lowest  of 
the  series,  has  a  total  thickness  of  9  feet.      It  consists  of — 


Feet. 

In. 

Feet. 

In. 

A  to])  bench,  . 

2 

4 

Slate,  . 

0 

6 

Slate,  . 

0 

G 

A  bottom  bench, 

3 

0 

A  middle  bench, 

2 

6 

This  coal  is  of  medium  quality,  inferior  to  the  great  bed  of  Hazleton,  but  not  the  rough 
bird's-eye  coal  so  generally  characteristic  of  the  lowest  seams.  The  dip  of  the  bottom  slate 
being  60°,  and  of  the  top  rock  45°,  the  coal-bed  is  evidently  squeezed,  and  this  is  indicated  by 
the  slippery  surfaces  of  the  fragments. 

Aiiticlinal  m,  or  that  of  Crystal  Ridge. — The  next  anticlinal  which  we  meet  with  in  our  pro- 
gress Westward  is  a  short  one,  which  belongs  to  the  S.  margin  of  the  basin  N.  of  Hazleton.  It 
seems  to  originate  somewhere  E.  of  the  Tamaqua  Eoad  in  the  lower  Coal-measures  S.  of  the  out- 
crop of  the  great  bed.  Advancing  AVestward,  it  enters  the  area  of  the  main  seam,  probably  near 
the  head-stream  of  Cranberry  Creek.  Within  this  interval  it  arches  the  Big  Coal  under  the  sur- 
face, and  thus  undulates  it  as  far  as  Boyd's  Run,  beyond  which  the  denudation  having  cut  away 
the  overlying  strata,  the  Big  Coal  is  at  the  Crystal  Eidge  Colliery,  and  for  some  distance  E.  of 
it,  cut  into  two  outcrops.  Still  further  Westward,  by  the  subsiding  of  the  anticlinal,  these  two 
outcrops  coalesce  again,  and  the  saddle  which  they  once  more  form,  droops,  and  finally  expires  in 
the  valley  of  the  South  Hazleton  Basin.  The  somewhat  oblique  course  of  this  saddle  to  the 
strike  of  the  coal,  but  especially  its  sinking  Westward,  causes  the  level  gangways  of  the  Laurel 
Hill  Colliery,  pushing  Westward  beyond  Hazleton,  to  encounter  first  its  N.  flank,  and  finally  its 
summit,  compelling  them  to  pause  or  turn. 

Anticlinal  N,  or  that  of  Cranberry  Ridge. — The  W.  part  of  the  Hazleton  Basin  is  subdivided. 
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as  already  mentioned,  into  two  long  branch  basins,  and  the  anticlinal  which  produces  this  fork- 
ing is  that  of  Cranberry  Eidge,  an  irregular  ridge  saddled  by  the  conglomerate  from  near  the 
Cranberry  Works  westward.  This  axis,  originating  somewhere  in  the  main  Hazleton  Basin 
W.  of  the  town  of  Hazleton,  first  divides  the  Coal-measures,  or  lifts  the  conglomerate  to  the  surface 
near  the  E.  end  of  this  Cranberry  Eidge  :  one  mile  further  Westward,  the  axis  seeming  to 
subside  a  little,  the  lower  Coal-measures  shut  together  over  the  line  of  the  saddle  for  a  short 
space,  but  presently  divide  once  more  into  two  outcrops  going  Westward,  the  Southern  one 
diverging  a  little  from  the  axis,  and  running  forward  to  constitute  the  N.  outcrop  of  the  Tom- 
liicken  Basin  ;  and  the  N.  receding  still  more  rapidly  from  it  until  it  crosses  the  head-waters  of 
Long  Eun,  and  reaches  those  of  Stony  Eun,  forming  in  this  line  the  S.  margin  of  the  N.  branch 
of  the  Hazleton  Basin.  This  axis  would  seem  to  be  the  cause  of  the  two  opposite  dips  visible 
near  the  Cranberry  Shaft.  There  is,  however,  within  the  mine  S.  of  the  shaft,  a  subordinate 
undulation  or  roll  of  the  strata,  but  it  is  no  part  of  the  main  anticlinal. 

Anticlinal  0,  or  that  of  Tomhichen  Ridge. — Another  anticlinal,  that  of  Tomhicken  Eidge, 
enters  the  Hazleton  coal-field  from  the  W.  This  penetrates  the  N.  broad  branch  of  the  Hazleton 
Basin  north  of  Long  Eun,  but  how  far  E.  it  prolongs  itself  cannot  at  present  be  ascertained. 
Being  near  its  expiration,  where  it  enters  the  Coal-measures  N.  of  the  sources  of  Long  Eun, 
its  only  effect  seems  to  be  to  spread  wider  the  lower  Coal-measures  in  the  Northern  Branch  Basin. 
It  is  probably  owing  to  this  anticlinal  that  the  N.  outcrop  of  the  large  coal-seam  is  cut  away  as 
it  is  at  Cranberry  village,  and  excluded  from  entering  the  Northern  Branch  Basin,  or  that  of 
Cranberry  Creek.  Whether  this  large  coal  sets  in  again  W.  of  Cranberry  Creek,  is  a  matter  not 
positively  determined,  some  shafting  being  now  in  progress  near  the  E.  line  of  the  Powell  Lands, 
with  a  view  to  ascertain  this.  If  it  does  indeed  exist  there,  it  must  be  N.  of  the  Tomhicken 
axis,  and  therefore  considerably  N.  of  Long  Eun,  which  flows  first  S.  of,  and  then  across,  that 
anticlinal.  My  own  view  is,  that  the  North  Hazleton  Basin  on  the  Powell  Lands  is  too  shallow 
to  contain  any  vestiges  of  the  great  coal-bed. 

Basin  n,  or  that  of  Big  Tomhicken. — The  Main  Hazleton  Basin  bifurcating,  as  already  mentioned, 
by  the  intrusion  of  the  Cranberry  Eidge  anticlinal  n,  sends  forward  to  the  W.  a  long  narrow 
branch  basin,  which  we  designate  by  the  letter  N.  This  containing  the  Big  Hazleton  coal-bed 
about  as  far  as  the  entrance  of  the  small  run  called  Eagle  Creek,  carries  thence  for  several  miles 
only  a  narrow  and  shallow  strip  of  the  lower  Coal-measures  in  the  middle  of  the  valley  of  the 
Big  Tomhicken.  The  dips  in  the  basin  are  very  regular  throughout,  its  length  growing  some- 
what steeper  as  we  advance  Westward  along  it,  but  nowhere  receding  45°.  Two  or  three  shafts 
have  been  sunk  on  coal  in  this  basin,  one  on  its  S.  edge  If  miles  W.  of  the  Powell  Lands,  where 
the  coal  dips  35°  N.,  but  its  thickness  is  doubtful.  Another  shaft  reaches  coal  about  half  a  mile 
W.  of  the  PoweU  line.  Near  the  E.  side  of  this  large  estate,  or  where  the  Phinney  Eoad  crosses 
the  basin,  there  remains  in  it  but  a  small  amount  of  the  lower  Coal-measures  ;  but  Eastward 
again  the  basin  widens  and  deepens,  and  at  Eagle  Creek  it  receives  the  W.  extremity  of  the  basin 
of  the  large  Hazleton  Coal- vein. 

Basin  o,  or  North  Branch  of  the  Hazleton  Basin. — As  already  intimated,  the  Big  Coal  seam 
extends  no  further  in  the  basin  N.  of  the  Cranberry  Eidge  axis  than  its  outcrop  at  Cranberry 
village,  unless,  indeed,  it  enters  it  W.  of  Long  Eun,  as  an  insulated  patch  penetrating  perhaps 
a  short  way  into  the  Powell  Lands  ;  but  at  present  the  evidence  is  insufficient  to  establish  even 
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this  conjecture.  The  W.  point  of  this  basin  is  at  the  source  of  Stony  Eun  north  of  the  Horse  Shoe 
Swamp,  or  some  4  miles  W.  of  Cranberry.  Here  the  basin  seems  to  divide  itself  into  two,  one 
fork  extending  up  Wolf  Eun,  the  other,  and  longer  one,  up  Stony  Eun.  North  of  the  middle  of 
this  basin,  and  near  the  E.  line  of  the  Powell  Lands,  or  the  N.W.  corner  of  the  Kunkle  Tract,  two 
or  three  coal-beds  have  been  carefully  opened  by  shafting ;  one  of  them  is  alleged  to  have  shown 
a  thickness  of  6  feet,  and  another  of  8  feet  of  coal,  and  the  dip  is  S.  30°.  Other  developments 
are  now  in  progress. 

The  Main  Hazleton  Coal  Basin. — Eestricting  our  attention  now  to  the  Main  Hazleton 
Basin,  to  the  exclusion  of  its  Eastern  and  Western  prolongations  and  branches, 
we  may  state  it  to  have  an  average  width,  from  outcrop  to  outcrop  of  its 
lowest  coal,  of  nearly  seven-eighths  of  a  mile,  being  narrowest  at  the  Stockton 
collieries,  and  widest  opposite  Crystal  Eidge. 

Of  the  lowest  Coal-measures  in  this  basin  but  few  particulars  present 
themselves  claiming  a  permanent  record  here.   There  appear  to  be  three  coals 
underlying  the  Hazleton  large  seam.   The  loivest  of  these  is  usually  the  thickest 
and  best  in  quality,  though  for  the  most  part  it  is  full  of  the  bird's-eye  fracture, 
Fig.  212.  — Coal  strata,  and  Very  rough.  Near  the  Sugar  Loaf  Mine  it  has  been  proved  7  feet  in  thick- 

Hazleton.  .  . 

ness,  outcropping  at  a  gentle  dip  about  150  yards  S.  of  the  face  of  the  con- 
glomerate. Further  W.,  and  on  the  same  N.  side  of  the  basin,  it  has  been  mined  in  a  small  gin- 
slope,  exhibiting  1 1  feet  of  rough  coal  in  three  benches.  Again,  about  3  miles  W.  of  Hazleton, 
it  has  been  opened  on  the  Kunkle  Tract,  in  the  N.  branch  of  the  Hazleton  Basin,  showing  a 
thickness  in  the  shaft  of  about  1 0  feet  of  rather  rough  coal.  There  it  is  close  to  the  conglomerate, 
the  dip  being  rather  steep.  On  the  S.  side  of  this  same  basin  it  has  been  opened  on  a  gentle 
N.  dip,  outcropping  about  120  yards  from  the  conglomerate,  and  show^ing  the  same  thickness  of 
10  feet.  StUl  further  W.,  but  in  the  S.  or  Tomhicken  basin,  it  has  been  exposed  by  shafting, 
dipping  N.,  and  exhibiting  a  thickness  of  15  feet,  with  three  benches.  Here  the  coal  resembles 
somewhat  that  of  the  Hazleton  bed.  Yet  further  W.,  though  still  some  2  miles  from  the 
junction  of  South  and  Big  Tomhicken,  this  coal  proved,  in  a  shaft  on  the  N.  slope  of  the  Cata- 
wissa  Eidge,  to  have  a  thickness  of  9  [X)  feet. 

The  Second  coal  ascending,  or  next  in  order,  opened  at  the  Laurel  HOI  Colliery,  seems  to 
possess  there  a  thickness  of  6  feet.  It  outcrops  about  600  feet  S.  of  the  outcrop  of  the  Big  Coal, 
dipping  at  an  angle  of  about  30°. 

On  the  N.  side  of  the  basin,  this  coal  outcrops  N.  of  Hazleton  in  a  well-marked  bench  about 
1000  feet  N.  of  the  outcrop  of  the  main  bed.  It  has  been  reached  by  shafting  in  that  neighbour- 
hood near  the  Wilkesbarre  Turnpike.  This  coal  is  usually  from  5  to  7  feet  in  thickness,  but 
it  is  generally  a  rough  and  bony  coal. 

The  Third  coal  of  the  series,  or  that  next  beneath  the  great  bed,  outcrops  on  the  N.  side  of 
the  basin,  at  a  gentle  dip  of  20°,  about  500  feet  from  it.  It  also  is  indicated  by  a  well-defined 
bench  on  the  sides  of  the  basin.  This  coal  has  been  proved  in  but  few  places,  but  its  usual 
thickness  is  known  to  be  about  5  feet.  In  quality  it  is  better  than  either  of  the  two  beds 
beneath  it. 

The  Fourth  or  Big  Hazleton  Coal  Bed. — The  next  in  ascending  order,  the  sole  source  of  the 
mining  wealth  of  the  Hazleton  Basin  at  the  present  time,  is  a  complex  mass,  consisting  of  three 
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main  seams  or  benches  of  coal.  These,  and  the  dividing-slates  which  make  up  the  total  mass, 
some  27  feet  in  thickness,  exhibit  in  the  Laurel  Hill  CoUiery  of  the  S.  side  of  the  basin  about 
the  foUoAving  average  dimensions  and  subdivisions  : — 

The  lowest  bench  of  coal  is  5  feet  thick,  but  only  2-^  or  3  feet  of  it  are  of  prime  ^ 
quality,  the  remainder  being  rough  bird's-eye  coal. 

The  hard  slate  rock  above  this  varies  much  in  its  thickness  throughout  the  ' 
basin  :  it  is  thinnest  on  the  N.  side,  as  at  Sugar  Loaf  and  Hazleton  No.  3  slope,  ' 
but  W.  of  Hazleton  No.  1  slope  it  begins  to  enlarge,  and  500  yards  further  it  has  fig.  213.— Big 

(JoalofHazle- 

SWelled  to  16  leet.  tun— General 

The  Seven-feet  bench  consists  of  good  coal,  though  one  band  of  it  is  rather 
coarse  ;  usually  it  is  of  the  best  quality  on  the  N.  side  of  the  basin.    This  bench  is,  however, 
remarkable  for  consistency  throughout  the  different  mines. 

The  division  above  the  Seven-feet  bench,  called  by  the  miners  "  the  benches,"  is  an  alterna- 
tion of  coal,  bony  coal,  and  slate,  but  it  includes  in  some  places  a  sufficient  amount  of  pure  coal 
to  admit  of  mining,  yielding  even  4-|  feet  of  coal,  of  a  coarse  quality. 

The  next  or  Six-feet  bench  has  in  some  places  a  thickness  of  8  feet,  and  in  others  not  more 
than  3  or  4  feet.  On  the  S.  side  of  the  basin,  at  Laurel  HiU,  this  is  a  coarse  coal,  though 
marketable  ;  but  in  all  the  colheries  on  the  N.  side  it  is  of  excellent  quality. 

The  top  bench  consists  of  slate  and  bone  coal,  with  no  marketable  coal  in  it.  Its  average 
thickness  is  4  or  5  feet.    This  is  often  left  as  the  roof  of  the  mine. 

The  immediately  overlying  rock  is  sometimes  a  rough  sandy  roof-slate  3  or  4  feet  in  thick- 
ness, and  sometimes  the  coarse  capping  grey  sandstone,  without  the  intervening  slate.  This 
sandstone  is  a  massive  deposit  many  yards  in  thickness,  and  embraces,  among  its  middle  beds, 
some  which  are  very  pebbly  or  conglomeritic. 

The  Fifth  coal,  and  uppermost  in  the  basin,  is  a  seam  about  4  feet  thick,  lying  at  a  consider- 
able interval  above  the  large  bed.  This,  like  the  rest,  is  a  White- Ash  coal.  It  has  been  proved 
to  approach  very  near  to  the  surface  in  the  centre  of  the  basin,  being  lifted  by  an  anticlinal 
undulation  under  the  main  street  of  the  village  of  Hazleton,  where  its  dips  have  been  established 
in  several  wells  and  other  excavations.  The  existence  of  this  anticlinal  is  an  intimation  that 
the  central  or  deeper  tracts  of  the  basin  are  not  without  important  undulations. 

HAZLETON. 

The  mines  in  the  Hazleton  Basin  are  as  follows  : — 

Hazleton  Slope  No.  1  is  sunk  upon  the  Big  Coal,  dipping  Southward  23°.  Its  length  is  210 
yards.  From  the  foot  of  the  slope,  gangways  are  driven  E.  and  W.  upon  the  coal.  In  a  similar 
manner,  at  higher  levels,  two  gangways  work  out  the  coal.  The  extreme  Eastern  point  reached 
in  1854  was  1100  yards  :  Westward  the  middle  Ijevel  was  driven  900  yards.  In  the  E.  gang- 
ways the  coal  at  times  is  somewhat  soft  and  crushed.  Between  the  lower  benches  of  the  Big 
Coal  in  this  mine  there  are  2  feet  of  slate,  which  thickens  up  to  1 6  feet  in  the  Western  gangways, 
500  yards  from  the  slope. 

Slope  No.  3  of  the  Hazleton  Company  is  situated  on  the  N.  side  of  the  basin  E.  of  Hazleton  ; 
its  length  is  150  yards.  The  inclination  near  the  surface  is  23°,  but  it  gradually  steepens  to  30°. 
Gangways  are  driven  at  two  levels  from  this  slope  E.  and  W.    Our  measurements,  representing 

VOL.  II.  2  K 


258 


EASTERN  MIDDLE  COAL-FIELD. 


the  tliickness  of  the  Big  Coal,  are  taken  between  this  mine  and  Slope  No.  1.  They  are  as 
follows  : — 

Feet.  Inches. 


Slate  and  Bone  Coal,      .  .  .  .  5  0 

15  0         Six-feet  bench. — Coal  good,  -....36 
Black  slate,        ...  ..07 
° '             Poor  Man's. — Coal,  fan-  quality,          .          .           .           .  4  0 

Slate,     ......  0  7 

Seven-feet  bench  I  ^'"I'T*^'  2  0 
I  Coal,  lower  10  mche.s,  pyritous,  ...50 
Slate,     ......  1  8 

KiG.  •2u.-n\g  Coal,       ^      f  ,  f  Coal,  bony,        .....  1  6 

Hazieto?.  Four-feet  bench  ^ 

(.  Coal,  good,        .  .  ...  3  6 


Sugar  Loaf  Sloj)e,  one  mile  E.  of  Hazleton ;  length  180  yards,  and  to  be  sunk  80  yards 
further.  Two  levels  and  gangways  E.  and  AV. — 600  yards  in  the  former  direction,  and  400  yards 
in  the  latter.    The  dip  is  about  28°  S.    The  Big  Coal  retains  its  average  dimensions. 

On  the  S.  side  of  the  basin  near  Hazleton,  the  Laurel  LLill  Slope  Mine,  No.  2  of  the  Hazleton 
Company,  is  sunk  180  yards,  at  an  inclination  of  25°  N.  There  are  two  levels,  one  80  yards 
down,  the  other  at  the  foot  of  the  slope.  The  E.  lower  gangway  sweeps  round  to  the  N.,  and 
turns  W.  to  meet  the  W.  gangways,  which  in  like  manner  are  deflected  to  run  E,  It  thus  appears 
that  there  is  a  small  local  basin,  proved  by  the  workings  of  this  mine,  which  heads  up  E.  and  W. 
Its  length  is  about  200  yards.  The  upper  level  gangway,  going  W.,  seems  to  be  uninfluenced  by 
the  roll.  It  is  1^  miles  long,  bearing  S.  75°  W.  The  breast  of  coal  W.  is  250  yards  above  this  gang- 
way ;  a  counter-level  was  therefore  needed  in  order  to  work  ofi"  the  coal.  In  this  coimter-lerel 
the  coal  was  found  to  flatten  W.  of  the  road  to  Tamaqua,  and  it  apparently  arches  over  into  a 
S.  dip.    The  anticlinal  thus  indicated  appears  to  expire  to  the  W. 

The  Crystal  Ridge  Slope  is  situated  S.  of  Hazleton  upon  the  Big  Coal,  dipping  S.  25° 
from  a  minor  axis  S.  of  that  above  alluded  to.  The  basin  is  reached  at  ICO  feet.  This  basin 
evidently  rises  in  its  course  W.,  for  the  gangways  in  that  direction  incline  for  some  distance. 
Coal  is  worked  from  the  N.  dips  of  this  basin.  These  N.  dips  at  first  rise  very  rapidly  from  the 
basin,  then  grow  flatter,  and  finally  steepen  at  the  outcrop.  An  upper  level  gangway  is  mined 
E.  and  W.  from  a  point  50  yards  down  the  slope  of  Crystal  Eidge. 

Cranberry  Shaft,  W.  of  Hazleton,  is  sunk  26  feet  to  the  top  of  the  Big  Coal,  and  40  feet 
to  the  gangway  level.  In  driving  the  gangway  W.,  a  rock-fault  w^as  met  between  600  and  700 
yards  from  the  shaft.  The  fault  bears  S.E.  Coal  was  met  again  by  going  30  feet  through  the 
fault.  Its  quality  was  found  unimpaired.  The  dip  in  the  gangway  is  S.  at  an  angle  of  20°;  but 
in  driving  up  the  breasts  some  distance  W.  of  the  shaft  the  coal  ran  flat,  and  it  was  expected  to 
turn  over  into  a  N.  dip  owing  to  the  influence  of  an  anticlinal.  The  coal-bed  basins  S.  of  the 
main  gangway,  and  the  branch  gangways  are  deflected  until  they  encounter  the  effects  of  a  gentle 
roll,  around  which  they  again  turn  and  follow  their  normal  course  W.  A  slope-mine  enters  upon 
the  same  great  bed  W.  of  the  shaft  to  the  level  of  the  main  gangway. 

In  the  Hazleton  Basin  at  Stockton,  2  miles  E.  of  the  village  of  Hazleton,  are  situated  the 
mines  of  Packer,  Carter,  and  Company. 

The  Old  Shpe  No.  1  is  sunk  on  the  S.  side  of  the  basin  upon  the  Big  Coal  bed.    Its  inclina- 
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tion,  at  first  45°,  steepens  to  58°.  The  slope  length  is  100  yards,  and  from  it  gangways  are 
worked  E.  and  W.  to  considerable  distances.  On  the  N.  side  of  the  Valley,  Slope  Mines  Nos.  2 
and  3  are  dependent  upon  the  same  great  bed,  which  retains  its  bulk  and  parting-slates  as  at 
Hazleton.  In  No.  2  the  dip,  at  first  50°,  flattens  at  the  bottom  to  30°  or  35°,  and  in  No.  3  it  is 
20°.  In  the  same  vicinity  a  water-level  tunnel  has  been  driven  N.  to  the  Big  Coal,  which  is 
mined  from  it  by  gangways  driven  E.  and  W,  The  tunnel  is  200  yards  long.  Before  meeting 
the  Big  Seam  two  small  beds  of  coal  or  coaly  matter  were  struck,  one  at  the  mouth  of  the  tunnel, 
the  other  150  yards  in.    The  dip  in  this  mine  is  20°  S. 

The  New  Horne  Coal  is  on  the  small  slope  ;  the  bed  is  11  feet  thick  ;  it  was  worked  for  7 
feet,  and  the  best  bench  of  4  feet  was  left  beneath.  On  the  lower  bench  was  traced  the  same 
coal  as  on  A.  S.  Roberts'  land,  3  miles  W. ;  it  proved  to  be  10  feet  thick,  and  good. 

The  Horne  Coal  is  about  9  feet  thick  at  Home's;  it  is  100  feet  S.  of  the  turnpike.  Mr 
Fenstermacher  found  it,  and  opened  a  coal  6  feet  thick  at  Roberts',  3  miles  W.,  which  he  regards  as 
the  same.  The  strike  betw^een  it  and  the  Four-feet  Coal  is  similar,  and  the  two  benches  showing 
the  outcrops  are  nearly  in  a  line  :  so  the  4-feet  is  but  an  upper  coal,  probably  the  next  adjacent. 

LIMITS  OF  THE  MAIN  COAL-SEAM,  AND  THE  COLLIERIES  AT  PRESENT  ESTABLISHED 

ON  IT  IN  THE  HAZLETON  BASIN. 

Directing  our  attention  now  to  the  area  occupied  by  the  great  coal-bed  of  the  Hazleton  Basin, 
we  find  that  this  has  a  length  of  from  5  to  5^  miles,  and  a  maximum  breadth  W.  of  Hazleton  of 
nearly  three-fourths  of  a  mile.  East  of  Stockton,  or  Carter's  Collieries,  the  two  outcrops  of  the 
basin  of  this  coal  seem  rapidly  to  approach  each  other,  and  to  indicate  its  terminating  at  no  great 
distance  E.,  the  extensive  denudation  of  the  Coal-measures  in  this  part  of  the  valley  of  Hazle 
Creek  having  tapered  it  oS.  From  Carter's  Slope  No.  1,  or  the  most  Eastern  working  on  the 
S.  edge  of  the  basin,  the  outcrop  rapidly  descends  into  the  bed  of  the  valley  to  meet  the  N.  outcrop, 
gradually  deflecting  in  the  same  manner,  but  precisely  where  they  unite  has  never  been  ascer- 
tained. Tracing  the  S.  outcrop  W.,  it  will  be  found  to  range  in  a  nearly  straight  course,  with  a 
gentle  undulation,  influenced  by  the  ravines  which  cut  the  N.  slope  of  the  hill  against  which  it 
rests  the  whole  way  to  the  vicinity  of  Eagle  Creek,  a  mile  W.  of  the  Crystal  Ridge  Mine.  The 
N.  outcrop,  traced  W.  from  Carter's  newly-established  mine.  No.  3,  observes  likewise  a  very  nearly 
straight  direction  till  it  approaches  within  a  fourth  of  a  mile  of  the  Cranberry  mining  village. 
There,  in  the  neighbourhood  of  the  valley  of  Cranberry  Creek,  the  upper  strata  have  been  exten- 
sively denuded,  and  the  edge  of  this  coal  turns  rapidly  towards  the  S.W.,  to  cross  the  creek  in 
the  direction  of  the  Cranberry  Mine  Shaft.  This  coal,  therefore,  does  not  extend  into  the  basin 
N.  of  the  anticlinal  axis  of  the  Cranberry  Ridge,  but  its  N.  outcrop,  in  its  W.  extension,  belongs 
to  the  Southern  Branch  Basin,  or  the  so-caUed  Cranberry  Basin.  From  the  Cranberry  Mines  we 
may  trace  it  therefore  along  the  S.  slope  of  the  Cranberry  Ridge  to  its  W.  termination,  where  it 
unites  with  the  S.  outcrop  near  the  entrance  of  Eagle  Creek  into  the  valley. 

Nine  collieries  are  at  present  seated  upon  this  valuable  mass  of  coal.  Three  of  these  are  on 
its  S.  outcrop — the  Stockton  CoUiery,  No.  1,  belonging  to  Packer  and  Carter  ;  the  Laurel  Hill 
CoUiery,  or  No.  2  of  the  Hazleton  Company,  the  W.  gangways  of  which  now  extend  for  1:^  miles 
W.,  passing  far  beyond  the  town  of  Hazleton  ;  and,  thirdly,  the  Crystal  Ridge  Colliery  and  Slope, 
working  like  the  others,  but  descending  S.  into  the  local  branch  basin  of  the  Crystal  Ridge,  the 
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property  of  the  Cranberry  Company.  Five  of  the  remaining  six  are  seated  on  the  N.  outcrop, 
Carter's  New  Mine  No.  3,  opposite  the  Stockton  Mine  No  1,  being  the  most  Eastern  ;  the 
Mine  No.  2  of  the  same  company,  three-quarters  of  a  mile  W.,  being  the  next  ;  the  Sugar  Loaf 
Mine,  half  a  mile  W.  of  this,  the  third ;  the  Hazleton  Company's  Slope,  No.  3,  five-eighths  of 
a  mile  still  further  W.,  the  fourth ;  and  the  Hazleton  Old  Slope,  No.  1,  1^  miles  yet  further, 
being  the  fifth. 

The  ninth  and  last  to  be  enumerated  is  the  Cranberry  Colliery,  seated  near  the  actual  out- 
crop, as  already  mentioned,  but  near  the  anticlinal  axis  of  the  Cranberry  Ridge,  and  therefore 
more  nearly  in  line  with  the  centre  of  the  Hazleton  Basin  than  with  either  margin  of  it. 

Dips. — The  configuration  of  this  basin,  or  the  more  central  part  of  it  embracing  the  large 
coal-bed,  will  be  understood  when  we  state  that  the  average  degree  of  dip  N.,  along  the  S.  out- 
crop, is  about  25°,  until  we  approach  it  E.  end,  where  it  is  as  steep  as  45°.  The  N.  outcrop  of 
the  same  coal  exhibits  at  the  various  collieries  S.  dips  varying  from  20°  to  30°,  except  at  Carter's 
Slope  No.  2,  where  the  outcrop  shows  a  steepness  of  nearly  50°.  The  N.  side  of  the  basin  appears 
to  flatten  in  descending  towards  the  synclinal  centre  of  the  valley,  whereas  the  curve  steepens,  at 
least  in  the  Stockton  Colliery,  on  the  S.  side.  It  has  been  already  intimated  that  the  centre  of 
the  basin  is  more  or  less  undulated  :  that  this  must  be  the  case  is  manifest  from  the  positions 
occupied  by  the  several  known  anticlinal  flexures  which  observe  directions  likely  to  carry  them 
a  greater  or  less  distance  into  the  interior  of  the  basin,  and  evidence  has  abeady  been  cited  of 
the  presence  of  a  saddle  quite  in  the  middle  of  the  trough  under  the  village  of  Hazleton.  Upon 
no  other  hypothesis  than  this,  of  a  somewhat  flat  but  undulated  synclinal  bed,  can  we  explain  the 
absence  of  a  considerable  series  of  coal-seams,  such  as  should  overlie  the  great  bed,  if  the  marginal 
dips  into  the  basin  should  continue  to  any  great  depth.  There  being  but  one  upper  coal-bed 
detected,  is  a  strong  intimation  that  the  strata  overlying  the  main  coal-seam  in  the  middle  of  the 
trough  are  comparatively  thin. 

I  estimate  the  total  area  of  the  great  Hazleton  bed  at  about  1 700  acres.  The  basin  is  remark- 
ably destitute  of  faults,  or  any  disturbances  which  cause  a  waste  of  the  coal  in  mining,  and  with 
due  care  it  is  practicable  to  abstract  at  least  five-sixths  of  all  this  coal  from  the  basin.  The  seam 
yields  of  merchantable  coal  a  thickness  varying  from  15  to  17  feet,  equivalent  to  a  net  product, 
with  good  mining,  of  20,000  tons  to  the  acre,  a  proportion  which  implies  an  aggregate  of  market- 
able coal  in  the  basin  of  about  34,000,000  of  tons. 


CHAPTER  lY. 

BLACK    CEEEK  BASINS. 
BIG  BLACK  CREEK  BASIN,  OE  BASIN  No.  4. 

The  E.  end  of  the  large  coal-field  of  Big  Black  Creek  is  penetrated  from  the  E.  by  several 
parallel  anticlinals,  which  subside  W.  within  it. 
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ANTTCLINALS  p  AND  q,  AND  BASINS  p,  q,  AND  r. 

Two  of  these  anticlinals,  p  and  Q,  are  noticeable  in  that  part  of  the  basin  which  extends  from 
near  the  Owl  Hole  westward  to  Fillmore.  They  subdivide  the  general  basin  into  three  subordi- 
nate but  closely-connected  troughs.  The  Southernmost  of  these,  Basin  p,  appears  to  be  narrow 
and  short,  not  extending  E.  much  beyond  the  Conyngham  Koad.  The  middle  one,  q,  1000  feet 
broad  at  the  Fillmore  Colliery,  is  the  longest,  heading  E.  within  half  a  mile  of  the  Owl  Hole  : 
this  is  Basin  No.  3  of  the  Buck  Mountain  Company,  who  have  newly  opened  a  colliery  in  it  by 
a  shallow  perpendicular  shaft,  sunk  just  in  the  synclinal  axis  at  the  point  where  a  branch  of 
Sandy  Creek  cuts  off  the  upper  strata,  giving  easier  access  to  the  coal. 

The  coal-bed  at  the  new  Buck  Mountain  Colliery,  No.  3,  consists  of  the  following  divisions  : 
an  upper  bench,  9  feet  in  thickness,  of  merchantable  coal,  without  slate ;  a  middle  bench,  from 
4  to  5  feet  of  good  coal,  rougher  than  the  upper  bench  ;  a  lower  bench,  2  feet  6  inches  of  bony 
coal  and  slate. 

The  Northern  basin  r,  shorter  than  the  preceding,  terminates  E.  very  nearly  opposite  the 
Buck  Mountain  Company's  shaft.  It  is  much  wider  than  the  middle  one,  its  N.  outcrop  being 
at  the  foot  of  the  Southernmost  high  ridge  of  E.  Buck  Moimtain.  At  Fillmore,  and  for  some 
distance  E.  and  W.,  the  mean  breadth  of  the  basin  is  not  more  than  half  a  mile. 

Only  one  bed  of  coal  has  hitherto  been  proved  in  this  division  of  the  Black  Creek  Basin.  It 
rests  at  a  short  interval  above  the  main  conglomerate,  and  is  evidently  the  equivalent  of  the  coal- 
bed  of  the  two  basins  of  the  Buck  Mountain  Company's  lands  in  East  Pismire  Hill.  It  is,  in 
other  words,  the  lowest  productive  coal  of  the  series,  and,  for  reasons  already  developed,  cannot 
be  the  representative  of  the  great  Hazleton  and  Beaver  Meadow  Bed. 


ANTICLINALS  e,  s,  AND  t,  AND  BASINS  s  AND  t. 


Three  other  antichnals,  N.  of  the  preceding,  enter  the  Coal-measures  from  the  E.,  insulating 
two  branches  of  the  main  Black  Creek  Basin  between  them,  namely,  s  and  t.  Of  the  coal  in 
these  we  know  at  present  extremely  little.  Near  the  N.  edge  of  the  more  Northern  of  these,  or 
more  than  half  a  mile  N.E.  of  Jeddo,  or  one-third  of  a  mile  E.  of  the  ravine  of  Cross  Creek, 
through  the  conglomerate  ridge  which  bounds  the  basin,  two  shafts  have  been  sunk  in  coal  on 
the  Jeddo  Lands.  The  bed  dips  S.  from  25°  to  30°,  and  is  in  two  branches,  the  upper  one  6  feet 
thick,  and  the  lower  one  5  feet,  with  3  feet  of  hard  slate  between  them.  Whether  this  is  the 
lowermost,  or  Buck  Mountain  Coal-seam,  or  whether  it  is  the  Hazleton  bed,  is  a  question  which 
must  remain  unsettled  until  the  strata  of  this  basin  are  more  systematically  exposed. 

Big  Black  Creek  Basin. — Between  Jeddo  and  the  Wilkesbarre  Turnpike  the  Black  Creek 
Basin  appears  to  have  an  average  breadth  exceeding  half  a  mile. 
Along  its  E.  half  it  is  somewhat  wider  than  this,  but  from  a  mile 
E.  of  the  road  to  the  road  itself,  thfe  area  of  the  large  coal  gradually 
contracts,  until  the  two  outcrops  unite  at  a  short  distance,  it  is 
believed,  W.  of  the  turnpike. 

Extremely  little  is  known  of  the  contents  of  this  basin.  A  large  coal  has  been  shafted  just 
W.  of  the  mouth  of  Cross  Creek,  on  the  N.  side  of  Black  Creek,  dipping  at  the  gentle  angle  of 
10°  N.    Its  thickness  was  not  clearly  ascertained.    To  which  bed  in  the  series  this  appertains, 


Fig.  215. -Black  Creek  Basin,  E.  of 
the  Wilkesbarre  Turnpike. 
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we  cannot  at  present  ascertain.  The  only  other  point  in  the  basin  where  a  large  coal-seam  has 
been  opened  is  on  the  lands  of  Siverey  and  Longstreth,  a  point  about  one  mile  E.  of  the 
Wilkesbarre  Turnpike  ;  this  is  on  the  N.  side  of  the  basin,  the  coal  at  its  outcrop  dipping  30°  S. 
The  bed  here  discovered  is  thick  ;  it  is  believed  to  be  the  equivalent  of  the  great  Hazleton  bed, 
and  from  the  distance  of  its  outcrop  from  that  of  the  upper  beds  of  the  great  conglomerate,  I 
infer  that  it  can  be  no  other.  Near  the  W.  end  of  this  basin,  and  on  the  N.  side  of  the  synclinal 
axis,  a  deep  and  expensive  boring  has  been  made  just  W.  of  the  Wilkesbarre  Turnpike  in  quest 
of  the  large  coal-seam.  It  is  immediately  N.  of  the  N.  outcrop  of  a  thick  pebbly  sandstone  or 
Pea-conglomerate,  supposed  by  the  engineer  to  be  the  cap-rock  of  the  great  coal-bed,  but  which  is 
in  reality  the  overlying  stratum  to  one  of  the  lowest  small  coals,  probably  the  second  in  the 
series.    The  boring  failed  to  reach  any  coal,  but  was  not  deep. 

There  is  a  small  detached  basin  71  in  the  general  synclinal  belt.  No.  4,  extending  as  far 
W.  as  Barne's  Run.  This  embraces  the  lower  Coal-measures ;  it  is  pretty  well  ascertained  to 
contain  none  of  the  large  upper  bed  of  Hazleton. 

BASIN  No.  5— LITTLE  BLACK  CEEEK  BASIN. 

Too  little  is  known  of  the  limits  of  the  Coal-measures,  and  especially  of  the  upper  or  Big 
bed  in  this  basin,  to  authorise  our  saying  much  respecting  it.  It  evidently  forks  into  two 
branches,  perhaps  a  couple  of  miles  E.  of  the  Wilkesbarre  Road,  by  the  intrusion  of  a  bold  axis,  V., 

of  conglomerate,  which  penetrates  this  synclinal 
belt  from  the  E.,  between  the  two  Northern  spurs 
of  the  East  Buck  ]\Iountain.    This  axis  lifts  the 

Fig.  216. — E.  end  of  Little  Black  Creek  Basin,  Buck  Mountain.  i  j.    l    j.i    T?         1  TTT     r  j.1  i  i  t 

conglomerate  both  E.  and  VV.  oi  the  road  leadmg 
from  the  Buck  Mountain  Mines  to  Howey's  Tavern,  insulating  from  each  other  the  two  basins 
of  the  lower  Coal-measures  v  and  iv,  branches  of  the  basin  of  Little  Black  Creek. 

The  large  upper  coal-bed  has  not  been  actually  opened  far  to  the  E.  of  the  Wilkesbarre  Road, 
which  is  a  long  distance  to  the  W.  of  where  the  basin  forks.  On  the  N.  edge  of  the  branch 
basin  v,  at  a  distance  of  a  third  of  a  mile  E.  from  the  road,  a  coal-bed,  believed  to  be  the  lowest 
of  the  series,  has  indeed  been  proved.    This  point  is  designated  on  the  ]Map  as  Roberts'  Shaft. 

The  outcrop  is  near  to  that  of  the  conglomerate,  and 
it  shows  a  S.  dip.    At  Balliot's  Old  Slope  the  Big  Vein 
"fig. 2i7.-Buck Mountain^t^Littie B^k ci-eek"       ^"^^s  wrought  a  fcw  ycars  ago  upon  its  S.  dip.  The 

E.  of  the  Wilkesbarre  Turnpike.  ^^^^  j^^^^  COal-bcd  haS  bcCU  Opeucd  about  a  foUrth 

of  a  mile  W.  of  the  turnpike,  upon  its  N.  dip,  and  S.  of  the  Little  Black  Creek.  It  there 
possesses  the  full  dimensions  of  the  great  Hazleton  bed,  its  total  thickness  being  27  feet. 

The  W.  limit  of  the  large  coal  in  this  basin,  according  to  those  who  have  attempted  to  trace 
it  by  the  external  indication  of  its  outcrops,  is  from  1  to  1^  miles  W.  of  the  Wilkesbarre  Turn- 

'<;^^^:;;;^^^_____,^..^__^  pike.    At  the  turnpike  the  N.  edge,  or 

"  ' '  ~  ^^^^^^^^^^^^^^^-^^^^^  outcrop  of  the  Big  Coal,  is  S.  of  Little 

Fig.  218.— Little  and  Big  and  Black  Creek  Basins,  near  the  junction  Black  CrCck. 

of  the  two  branches  of  Black  Creek.  rpj^^    J^^.^^    Coal-meaSUrCS    CXtCud  iu 

this  basin  to  the  neighbourhood  of  the  Berwick  Turnpike,  beyond  which  they  have  been  swept 
away  by  the  general  denudation  of  the  surface. 
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BASIN  OF  MAIN  BLACK  CEEEK,  OE  BASIN  No.  5  WEST. 

Along  the  whole  line  of  the  Main  Black  Creek,  from  the  mouth  of  Cranberry  Creek  westward 
to  Eoberts'  Creek,  there  extends  a  synclinal 
belt  of  the  Coal-measures ;  but  whether  these 
embrace  any  of  the  large  upper  bed  of  the 

1  i         j_  1  1    •       T        TTi  Fig. 'J  19. — Buck  Mountain  west  of  Black  Creek  Gap. 

region,  has  not  yet  been  ascertamed.  J^rom 

the  mouth  of  Cranberry  Creek  to  within  3  miles  of  the  sudden  turn  N.  of  Black  Creek,  or  a 
distance  of  5^  miles,  this  strip  of  the  Coal-measures  is  narrow,  and  apparently  quite  shallow  ;  but 
at  that  place  the  belt  rapidly  widens,  becoming  more  than  half  a  mile  broad ;  and  it  is  quite 
possible  that  this  division  of  the  basin  may      n.  /<rr^^5v------- 

contain  some  of  the  Big  Coal.    Crossing  Black  ' 

Creek  near  its  great  bend,  the  coal-basin,  pur-  ^  ^-.-^  . ,           ^    . .:  '  j'lr.^.,"  '   .'.1 

suing  its  course  W.,  but  gradually  contracting  220.-West  End  of  Buck  Mountain. 

in  breadth,  ascends  the  valley  of  Eoberts'  Creek,  a  distance,  it  is  believed,  of  about  one  mile.  Coal 
has  been  opened  near  the  turn  of  Black  Creek,  both  E.  and  W.  of  the  stream,  on  the  S.  side  of 
the  basin,  dipping  about  20°  N.  Coal  has  likewise  been  opened  further  W.  up  the  valley  of 
Roberts'  Creek. 

EAST  GEEEN  MOUNTAIN  BASINS,  No.  6. 

Basin  No.  6,  x. — Of  the  two  basins  already  stated  to  exist  in  the  general  synclinal  table-land 
of  Green  Mountain,  the  largest  and  most  important  is  that  of  the  W.  half  of  the  mountain. 
The  E.  extremity  of  this  wide  and  regular  coal-field  is  not  more  than  one-fourth  of  a  mile 
N.E.  of  Howey's  Tavern.  Its  W.  extremity  is  probably  about  half  a  mile  E.  of  the  W. 
terminating  knob  of  the  mountain  ;  the  whole  basin,  therefore,  has  a  length  of  at  least  2^  miles. 
Its  central  and  widest  portion  is  about  half  a  mile  broad.  It  seems  to  lie  somewhat  obliquely 
on  the  mountain,  its  S.E.  margin  approaching  quite  closely  to  the  anticlinal  belt  of  Red 
Shale  at  Howey's  Tavern,  and  its  Northern  margin  approximating  quite  closely  to  the 
N.  edge  of  the  table-land  at  the  head  of  Hell-Kitchen  Ravine,  one  of  the  few  localities  where 
any  coal  has  been  opened  in  it. 

At  this  last-named  spot  a  bed  of  coal,  evidently  a  large  one,  has  been  mined  to  a  small  extent 
on  Larkin's  estate.  Its  outcrop  is  about  300  feet  from  that  of  the  conglomerate.  It  dips 
very  gently  S.,  being  indeed  almost  fiat.  The  thickness  of  the  coal  here  has  not  been  fully  proved, 
an  upper  bench  being  nearly  washed  away  at  the  entrance  of  the  drift.  The  only  portion  mined 
is  a  bench  7  feet  thick,  the  upper  bench  crushing  down  upon  this  within  the  drift.  Coal  has 
likewise  been  opened  and  mined  to  a  small  extent  by  a  gin  near  the  S.  edge  of  the  basin, 
about  1  mile  W.  of  Howey's.  Here  the  prevailing  dip  is  to  the  N.  25°.  Both  here  and  at  the 
Hell -Kitchen  Ravine  the  coal  much  resembles  that  of  the  great  Hazleton  bed,  being  of  excellent 
quality. 

The  surface-features  of  this  mountain-basin  are  remarkably  smooth  and  regular,  implying  a 
relative  absence  of  interior  undulations  or  disturbances,  and  on  the  whole  this  promises  to  be  a 
valuable  coal-field. 
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Basin  No.  G,  i/. — The  other  and  smaller  basin  of  East  Green  Mountain  is  situated  about  a  mile 

N.  of  the  White  Haven  Eoad  leading  E.  from 
Howey's  Tavern.    This  small  trough  of  Coal- 
measures  is  seated  on  the  N.  verge  of  the  table- 
i.-scctiun  oi-  Kast  Giccn  iiouuLuu  Bumu.  j^ud  N.  of  tlio  auticlinal  undulation  X,  which 

divides  it  from  the  preceding  coal-basin.  It  is  believed  by  those  who  have  examined  it  for  coal, 
to  be  about  three-fourths  of  a  mile  long,  and  about  1200  feet  broad.  Hitherto  it  has  disclosed 
but  one  coal-bed,  which  at  its  outcrop,  exposing  coal  and  coal-dirt,  measured  in  the  trial-shaft 
about  8  feet  in  thickness.  It  dips  gently  S.,  the  shaft  being  on  the  N.  side  of  the  basin,  and  about 
150  yards  from  the  outcrop  of  the  conglomerate.  It  would  appear  to  be  the  lowest,  and  perhaps 
the  only  one,  in  the  basin. 


BASIN  No.  7,  OR  THAT  OF  M'^CAULEY  MOUNTAIN. 

There  is  a  small  patch  of  Coal-measures  on  the  summit  of  M'^Cauley  Mountain,  an  insulated 
outlying  synclinal  hiU,  situated  about  9  miles  E.  of  Catawissa.  The  length  of 
the  strip  of  productive  coal-strata  in  this  elevated  little  trough  is  apparently 
about  2  miles,  and  its  breadth  from  a  fourth  to  a  third  of  a  mile.  There  are  two 
large  beds  of  coal  here,  the  equivalents  in  all  probability  of  some  of  the  thick 
seams  of  the  Lower  White- Ash  group  of  the  Shamokin  and  Nanticoke  coal-fields. 
This  long-neglected  little  basin  has  been  recently  connected  with  the  market 


Fig.  ■222.— Coal-bed 
of  M'^Caulev's  Mt. 


by  a  short  branch-railroad  from  the  Catawissa  Road. 


Fig.  223. — One  of  the  Cave  Workings  in  the  South  Jline  of  the  Great  Lehigh 
Svimmit  Coal  Seam  :  lieight  about  40  feet. 
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CHAPTER  L 

MAHANOY  COAL-EEGION. 

GENERAL   STRUCTUEE  AND  TOPOGRAPHY. 

For  the  sake  of  clearness  in  the  ckssification  and  definition  of  the  several  parts  of  the  exten- 
sive and  complicated  Western  Middle  Coal  Region,  I  propose  to  call  this,  in  general  terms,  the 
Mahanoy-Shamokin  Basin  or  Coal-field,  as  being  one  great  synclinal  district  of  coal-bearing 
rocks,  almost  entirely  insulated,  or  surrounded  by  valleys  of  the  Umbral  red  shale.  It  is  essen- 
tially one  great  coal-field,  there  being  no  belt  of  any  other  rocks  than  the  coal-conglomerate 
penetrating  into  or  subdividing  it.  Being  almost  exclusively  watered  by  the  Mahanoy  and  Sha- 
mokin  creeks,  it  is  best  designated  by  the  united  names  of  these  two  streams. 

This  whole  coal-field  is  partially  but  not  entirely  separated  into  two  compound  or  undu- 
lated basins  of  productive  Coal-measures  by  the  elevated  anticlinal  mountain-ridge  called  Locust 
Mountain,  which,  in  the  central  and  Western  portions  of  its  length,  exposes  along  its  crest  a 
narrow  belt  of  the  Serai  conglomerate,  which  there  divides  the  true  coal-bearing  rocks  of  the 
Western  half  of  the  Mahanoy  Valley  from  the  same  strata  of  the  Eastern  half  of  the  Shamokin 
Basin. 

The  proper  designation  for  all  that  part  of  the  coal-field  which  is  embraced  between  the  head- 
waters of  the  Quakake  and  the  Little  Schuylkill  on  the  E.,  and  the  W.  source  of  Locust  Run 
of  Shamokin  Creek  on  the  W.,  is  the  Mahanoy  Basin  ;  for,  except  in  its  extreme  Eastern  spurs, 
and  at  its  e:^treme  Western  end,  it  is  everywhere  drained  by  the  tributaries  of  the  Mahanoy. 
From  its  Eastern  spurs  to  Big  Mine  it  is  bounded  on  the  S.  by  the  Mahanoy  and  Broad  moun- 
tains, and  on  the  N.  by  the  Big  or  Head  Mountain,  and  from  Big  Mine  Run  to  Locust  Knob,  the 
Western  termination  of  the  basin,  its  Sou  thern  boundary  is  still  the  Mahanoy  Mountain,  whilst  its 
Northern  is  now  the  crest  of  the  Locust  Mountain.  It  should  be  distinctly  understood,  however, 
that  the  Locust  Mountain  is  not  continuous  with  the  Big  Mountain,  and  therefore  does  not  com- 
pletely insulate  this  basin  from  the  Southern  branch  of  the  proper  Shamokin  Basin,  the  two  being 
really  united  by  the  subsidence  E.  of  the  Locust  Mountain  axis,  at  the  head-waters  of  Big  Mine 
Run. 

The  Shamokin  Basin  is  bounded  on  the  S.  by  the  Locust  Mountain  crest  from  Big  Mine  Run 
to  Locust  Knob,  and  thence  Westward  to  the  extremity  of  the  basin  by  what  should  properly 

VOL.  II.  2  L 


266 


WESTERN  MIDDLE  COAL-FIELD. 


be  called  the  Locust  Mountain,  but  is  frequently  entitled  the  Mahanoy  Mountain.  On  the  N. 
the  basin  is  limited  by  the  monoclinal  crest  of  the  Thick  or  Shamokin  Mountain. 

The  W.  end  of  this  basin  is  watered  by  the  sources  of  Zerbe's  Run,  which  falls  into  the 
Mahanoy  in  the  Red  Shale  Valley  outside  of  the  coal-field,  and  not  into  the  Shamokin.  At  the 
head-waters  of  Big  Mine  Run,  this  basin,  as  already  intimated,  is  actually  connected  with  that 


Fig.  224. — General  Section  from  Little  Muuiitaiu  to  BruLul  Muuntuin,  across  the  Shamokin  and  Mahanoy  Basins  E.  of  Big  Mine  Run. 


of  the  Mahanoy,  by  the  declension  Eastward  of  the  Locust  Mountain  anticlinal,  which  allows  the 
Coal-measures  an  uninterrupted  extension  by  a  narrow  belt  from  the  one  field  into  the  other. 


MAHANOY  AND  SHAMOKIN  COAL-EEGION. 

In  our  general  description  of  the  structure  of  the  anthracite  region,  the  external  boundaries  of 
the  Mahanoy  and  Shamokin  coal-region  have  been  already  defined,  and  the  great  anticlinals  of 
the  country  indicated,  which  elevate  the  belts  of  Umbral  red  shale  outside  of  it,  and  impart  to 
the  whole  coal-field  its  general  trough-like  configuration. 

This  extensive  coal-region  is  not,  however,  a  simple  synclinal  trough,  but  possesses  a  quite 
complicated  structure  from  the  presence  within  it  of  a  number  of  anticlinal  and  synclinal  undu- 
lations. Upon  a  correct  knowledge  of  these  mainly  depend  the  successful  development  and 
economical  mining  of  the  coal  contained  within  the  strata  ;  and  I  therefore  proceed  to  a  systematic 
description  of  these  flexures  as  the  groundwork  of  my  whole  statement  of  the  distribution  of  the 
several  coal-beds. 

In  tracing  the  anticlinal  and  synclinal  lines  which  define  respectively  the  saddles  and  troughs 
of  the  district,  I  will  observe  the  order  already  adopted  for  the  Pottsville  Basin,  commencing, 
that  is,  with  the  most  Southern  axes,  and  describing  each  axis  in  its  course  from  E.  to  W.  While 
tracing  the  anticlinals  or  saddles,  due  mention  will  be  made  of  the  lowest  coals  which  they  elevate 
to  the  surface  at  successive  points,  and  in  specifying  the  syncHnals  or  basins  embraced  between 
the  saddles,  similar  allusion  will  be  made  to  the  highest  coal-beds  included  mthin  these  troughs, 
or  which  have  escaped  denudation.    The  reader  should  consult  the  3d  Section  on  Plate  IV. 

DETAILED  DESCEIPTION  OF  THE  ANTICLINAL  AND  SYNCLINAL  FLEXUE!ES. 

Properly  regarded,  the  Mahanoy  and  Shamokin  coal-field  commences  at  the  E.,  in  the  high 

synclinal  knob  or  spur  called  the  Head  Mountain,  which  juts 
forward  into  the  Red  Shale  VaUey  of  the  Quakake.  Expand- 
ing into  a  wide  and  elevated  plateau,  it  ranges  Westward,  and 


Fig.  225.-East  End  of  Head  Mountain,  looking  w.  ^^^^^^  4  ^"i^g  ^^^^  ^  extremity  tlirows  Northward  a  broad 
flat  anticlinal  platform,  to  connect  itself  with  the  E.  crest  of  the  Spring  Mountain.  Here  the 
plateau  across  which  the  Hazleton  and  Tamaqua  Turnpike  passes  to  descend  through  Lindner's 
Gap,  has  a  width  of  nearly  a  mile  and  a  half.  From  Lindner's  Gap  the  table-land,  contracted 
to  an  average  width  of  one  mile,  ranges  on  for  about  3  miles  to  the  head  of  the  deep  anticlinal 
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cove  of  red  shale  which  lies  E.  of  the  source  of  Little  Pine  Creek,  Here  the  whole  basin  is 
suddenly  enlarged  by  the  addition  of  all  that  portion  which  embraces  the  three  E.  triljutaries  of 
the  Mahanoy.  This  expansion  of  the  general  basin  arises  from  the  introduction,  going  West- 
ward, of  the  whole  synclinal  trough  embraced  between  the  anticlinal  of  the  Eed  Shale  Cove, 
and  the  monoclinal  crest  of  the  proper  Mahanoy  Mountain,  That  section  of  the  basin 
which  extends  from  the  Eed  Shale  Cove  here  mentioned,  to  the  region  of  the  W.  head  of  the 
cove  of  the  Hassasock,  includes  therefore  the  prolongation  of  the  table-land  of  the  Head 
Mountain,  here  known  as  the  Big  or  Shamokin  Mountain,  and  also  the  E.  end  of  the  true 
synclinal  valley  of  the  Mahanoy,  These  two  divisions  are  connected  by  a  wide  tract  of 
nearly  horizontal  strata,  extending  from  the  head  of  the  Eed  Shale  Cove  to  the  mouth  of  the 
North  Mahanoy,  a  belt  which  may  be  regarded  as  produced  by  the  dying-away  of  the  anti- 
clinal of  the  Eed  Shale  Cove  at  the  one  end,  and  of  that  of  the  Bear  Eidge  at  the  other.  It 
does  not  appear  that  the  E.  anticlinal  actually  arches  the  strata  to  any  great  distance  Westward 
of  the  cove,  for  at  the  sources  of  Pine  Creek,  and  the  North  Mahanoy,  the  rocks  are  nearly  hori- 
zontal ;  nor  does  it  appear  that  the  Bear  Eidge  axis  is  prolonged  Eastward  as  a  true  wave  to  any 
extent  beyond  the  gap  of  the  North  Mahanoy,  yet  the  effect  of  these  two  anticlinals,  nearly  coin- 
cident in  line,  is  to  lift  and  flatten  the  lower  Coal-measures  along  the  whole  course  of  the  North 
Mahanoy  stream,  and  the  central  ridge  which  bounds  it  on  the  S. 

Anticlinal  of  Head  and  Big  Mountain,  No.  1. — The  Big  Mountain,  with  its  E.  prolongation, 
the  Head  Mountain,  carries  an  anticlinal  undulation  centrally  throughout  nearly  its  whole  course 
E.  from  the  Middleport  and  Catawissa  Eoad,  and  it  is  to  the  presence  of  this  line  of  uplift  that 
the  mountain  owes  its  elevation  and  table-land  form. 

The  topographical  features  and  the  dips  of  the  strata  alike  indicate  that  the  undulation 
passes  out  of  the  plateau  Eastward  through  its  S.  margin,  at  a  point  about  2  miles  E.  of  the 
Tamaqua  and  Hazleton  Turnpike — a  conspicuous  knob  in  the  side  of  the  mountain,  indicating  the 
point  of  emergence  where  it  enters  the  Eed  Shale  Valley  to  the  S,  of  the  Head  Mountain,  From 
this  point  Westward  the  axis  grows  progressively  sharper  as  far  as  the  gorge  of  the  East  Branch 
of  the  creek  down  which  the  turnpike  passes,  and  beyond  this  it  seems  gradually  to  flatten  down 
again  in  its  dips  as  it  ranges  on  to  the  district  opposite  the  North  Mahanoy,  In  this  latter 
neighbourhood  it  manifests  itself  in  the  high  and  regularly-arched  form  of  the  conspicuous  moun- 
tain-knob which  extends  for  about  a  mile  to  the  S.E.  of  the  deep  cove  or  hollow  in  the  N.  side 
of  Big  Mountain.  The  same  anticlinal  is  visible  at  the  crossing  of  the  Middleport  and  Catawissa 
Eoad,  and  may  be  traced  indeed  along  the  high  broad  summit  of  the  Big  Mountain  for  some 
miles  still  further  Westward. 

Coal  Basins  of  Head  and  Big  Mountain,  Nos.  1  and  2. — The  nearly  central  anticlinal  of  the 
Head  and  Big  Mountain  divides  two  smaU  coal-basins  which  occupy  a  part  of  the  summit  of  the 
plateau  in  the  vicinity  of  Lindner's  Gap.  The  whole  synclinal  table-land  being  here  more 
sharply  undulated  by  the  steeper  flexure  of  this  anticlinal  than  further  Westward,  the  two 
troughs  which  bound  the  saddle,  one  on  the  S.,  the  other  on  the  N.,  contain  here  a  moderate 
thickness  of  the  lower  Coal-measures.  But  the  flattening  and  liftino;  of  the  anticlinal  in  its 
course  Westward  appears  to  throw  out  these  coal-rocks  ere  we  reach  the  vicinity  of  the  Eed  Shale 
Cove  north  of  Pine  Creek.  What  the  exact  limits  E.  and  W.  of  the  productive  Coal-measures  may 
be  in  either  of  these  basins,  it  is  impossible,  in  the  present  unopened  condition  of  the  district,  to 
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define.  The  more  Southern  basin,  or  that  just  N.  of  Lindner's  Gap,  is  evidently  the  narrowest, 

but  being  bounded  by  steeper  dips  than  the  other,  may 
J^^^.r^^'^'—-^    1     ~.x         possibly  contain  two  or  three  oi  the  lowest  coal-seams. 


It  does  not  seem  probable,  however,  that  this  trough 
Fio.  226.-Head  Mountain,  s.w.  Side  of  Lindner's  Gap.  coutaius  any  Coal-measurcs  whatevcr  beyond  a  mile  or 
^''''''•-'^'^'=^"'''°^S:\\:eTrsl"''^"""''' so  E.  of  the  gap,  nor  is  it  likely  that  these  rocks 

range  Westward  of  the  gap  more  than  1  or  2  miles. 
In  regard  to  the  extent  of  the  Coal-measures  in  the  N.  trough,  or  that  which  terminates  in 
the  knob  of  the  Head  Mountain,  our  information  is  equally  vague.  It  is  probable  that  here  the 
Coal-measures  extend  considerably  further  Eastward  than  in  the  narrower  basin  to  the  S.  of  it, 
but  it  must  be  observed  that  in  this  basin  the  dips  are  gentle,  and  the  whole  trough  of  the  coal- 
bearing  rocks  is  therefore  necessarily  very  shallow. 

An  extensive  denudation  of  the  Coal-measures  in  the  vicinity  of  Lindner's  Gap  has  contri- 
buted to  reduce  their  depth.  The  ready  outlet  afforded  by  the  breach  of  the  Southern  Mountain, 
at  this  place,  to  the  denuding  currents  which  have  swept  over  the  region,  has  permitted  them  to 
excavate  a  large  amount  of  the  coal  strata,  which  are  everywhere  softer  than  the  conglomerates 
that  support  and  confine  them.  The  same  denuding  action  appears  to  have  succeeded  in  carry- 
ing off"  the  entire  mass  of  the  Coal-measures  from  nearly  every  other  part  of  the  Big  Mountain, 
where  the  flatness  of  the  undulations  has  given  the  waters  a  grasp  upon  the  upper  strata  ;  for  it  is 
almost  an  invariable  rule,  that  our  high  mountain  table-lands  contain  but  little  coal,  except  in  those 
troughs  where  a  considerable  steepness  of  dip  or  depth  in  the  synclinal  flexure  has  served  to  pro- 
tect the  upper  or  exposed  coal-formation  between  the  less  destructible  mountain-barriers  of 
conglomerate.  In  confirmation  of  this  statement  of  the  general  removal  of  denudation  of  the 
Coal-measures  from  the  table-land  of  the  Big  Mountain,  it  is  only  necessary  to  state  that  we  find 
nothing  but  the  upper  beds  of  the  Serai  conglomerate  across  the  whole  breadth  of  that  plateau, 
either  on  the  Tamaqua  and  Catawissa  Road,  the  Middleport  and  Catawissa  Eoad,  the  Newcastle 
and  Catawissa  Eoad,  or,  indeed,  over  any  part  of  the  mountain-summit  between  them. 


BEAE  EIDGE  ANTICLINAL,  AND  THE  SOUTH  BASIN  OE  THE  MAHANOY  SOUTH  OF  IT. 


Loaist  liidge. 


Fig.  227.- 


-Mahanoy  Basin  at  Eastern  Origin  of  Bear  Kidj. 
(The  Dips  are  sho-.vri  too  Hat.) 


1  Axis. 


Axis  No.  2. — The  axis  of  Bear  Ridge  first  conspicuously  displays  itself  in  a  fine  arch  E.  of 

Westhouse  Run,  or  about  one  mile  W.  of  Faust's 
Tavern,  and  N.  of  the  Mahanoy.  It  ranges  thence 
with  a  steadily-increasing  amount  of  flexure  along 
the  summit  of  the  Bear  Ridge,  crossmg  the  ravines 
of  Westhouse  Run,  and  the  stream  next  W.  of  it.    From  this  latter  stream  to  the  W.  end  of  the 

ridge  near  Girardville,  the  anticHnal  axis  ranges  along  the  N. 
slope  of  the  ridge,  a  little  below  its  sharp  and  rugged  crests, 
throughout  nearly  all  this  part  of  its  course.  The  flexure  is 
very  steep,  or  almost  perpendicidar,  on  the  N.  side  of  the  axis, 
the  main  summit  of  the  ridge  being  everywhere  composed  of 
moderately-inclined  South-dipping  conglomerates  of  the  lowest 
Coal-measures,  until  we  approach  its  W.  extremity,  where  the  S.  dips  likewise  become  yery  steep. 
The  annexed  cut,  from  a  sketch  taken  about  half  a  mile  E.  of  the  ridge,  will  seive  to  exhibit  the 


Fig.  228. — Broken  AnticHnal  Crest  of  Bear 
Ridge,  half  a  mile  E.  of  the  Ridge. 
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abruptness  of  the  anticlinal  flexure,  and  the  rugged  character  of  the  crest,  resulting  from  so 
sharp  a  change  of  the  dip. 

Axis  No.  3. — An  important  anticlinal  belt  traverses  the  entire  length  of  the  general  Mahanoy 
and  Shamokin  coal-field,  from  the  Eed  Shale  Cove,  which  is  near  the  head  of  Pine  Creek,  to  the 
vicinity  of  Ashland.  As  already  intimated,  it  does  not  actually  arch  the  strata  between  the  Eed 
Shale  Cove  and  the  mouth  of  the  North  Mahanoy,  but  merely  lifts  and  flattens  the  rocks  which 
support  the  productive  Coal-measures  ;  nor  is  it  at  all  certain  that  the  anticlinal  axis  of  the  cove 
is  strictly  in  line  with  that  which  originates  near  the  mouth  of  the  North  Mahanoy,  and  runs  West- 
ward at  least  as  far  as  Westhouse  Run,  yet  we  may  safely  view  the  two,  and  the  flat  region  between 
them,  as  constituting  one  anticlinal  belt  bounding  the  proper  coal-basin  of  the  Mahanoy  on  the  N. 

The  rise  of  the  anticlinal  just  W.  of  the  mouth  of  the  North  Mahanoy  causes  the 
commencement  of  the  basin  of  the  Coal-measures  north  of  that  axis,  and,  at  the  foot  of  the  Big 
Mountain,  makes  its  productive  coal  strata  extend  Eastward  in  this  second  trough  as  far  as 
Coal  Run,  a  small  tributary  of  the  North  Mahanoy.  It  is  here  that  a  bed  of  coal,  10  feet 
in  thickness,  has  for  some  years  been  superficially  mined  on  the  lands  of  Mr  C.  Loeser,  of 
Schuylkill  County.    But  Eastward  of  a-.  Bro-^jif, s.^r.h.„oy 

Coal  Run  this  basin  seems  to  expire,  _,.<<5^^^^^5^S^.«»^_L 
any  Coal-measures  that  it  once  con- 
tained having  been  washed  out  in  the  229--Section  W.  of  Mouth  of  North  Mahanoy,  looking  W. 

denudation  which  made  the  valley  of  the  North  Mahanoy.  How  far  to  the  Westward  this 
axis  No.  2,  and  the  coal-basin  to  the  S.  of  it,  may  extend,  we  cannot  now  determine. 

In  the  vicinity  of  Faust's  Tavern  there  occur  on  the  flanks  of  the  basin  of  the  South 
Mahanoy  at  least  three  beds  of  coal,  the  lowest  in  the  series.  One  of  them  is  perhaps  the 
equivalent  of  Loeser's  large  seam  ;  but  we  have  no  evidence  of  the  presence  so  far  Eastward  in 
the  basin  of  the  great  bed  of  the  East  Boston  Basin,  the  equivalent  apparently  of  the  so-called 
Jugular  Vein  of  the  neighbourhood  of  Ashland.  Nearly  opposite  the  centre  of  the  East 
Boston  Basin,  or  about  2  miles  W.  of  Faust's,  and  rather  low  on  the  N.  slope  of  the  Mahanoy, 
which  is  here  called  the  Broad  Mountain,  two  beds  of  coal  have  been  opened  by  experimental 
shafting.    The  uppermost  of  these,  or 


S.  Shamokin 
Bdnin. 


'  Rubje 


that  nearest  the  base  of  the  mountain, 
is  stated  to  be  20  feet  thick  ;  it  is, 
therefore,  probably  the  equivalent  of 
the  large  New  Boston  bed,  the  dis- 
tance between  their  outcrops  not  exceeding  about  1  mile  ;  the  other,  or  lower  seam,  is  said  to 
have  shown  in  the  shaft  a  thickness  of  from  7  to  .9  feet.  They  are  about  30  yards  asunder 
on  the  outcrop. 


Fig.  230.— Section  of  East  End  of  the  Mahanoy  Coal-field. 
(The  S.  and  middle  N.  dips  are  too  gentle.) 


COAL-MEASUEES  IN  BEAR  EIDGE. 

It  is  obvious  that  the  anticlinal  of  Bear  Ridge  elevates  very  low  strata  in  the  productive 
Coal-measures,  if  it  does  not,  indeed,  lift  to  the  surface  in  the  district  of  its  maximum  rise  the 
subjacent  Serai  conglomerates.  In 
the  Girard  Tunnel  it  would  seem  that  -"^^ 
the  upper  beds  of  coarse  Serai  con- 
glomerate do  rise  to  the  level  of  the  Fig.  231. -Section  at  the  Bear  Ridge  Tunnel. 
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tunnel,  and  we  find  the  same  rocks  on  the  crest  of  the  ridge  in  several  places  between  this  point 
and  its  AV.  knob.    The  flanks  of  the  ridge,  however,  support  some  of  the  lower  coal-seams. 

The  anticlinal  axis  of  the  Bear  Kidge  does  not  cease  with  the  termination  of  the  ridge  itself 
near  Girardville,  but  may  be  traced  Westward  through  the  valley  of  the  Mahanoy.  We  may, 
indeed,  recognise  indications  of  this  axis  at  several  points  on  the  Old  Pottsville  and  Danville 
Railroad,  as  at  Girardville  ;  and  again,  one  mile  W.  of  it,  and  even  still  further  W.,  near  Big 
Mine  Eun.  W.  of  this  last-named  locality  we  may  detect  at  one  point  a  gentle  N.  dip  of  the 
Coal-measures,  and  yet  further  Westward,  an  extent  of  horizontal  bedding  which  seems  to 
imply  the  final  dying-down  of  this  extensive  anticlinal.  It  is  possible  that  these  last  phenomena 
do  not  belong  to  the  Bear  Ridge,  but  to  some  other  more  trivial  one,  yet  they  are  so  nearly  in 

its  line  of  prolongation  Westward  as  to  justify  us  in  ascrib- 
ing  them  to  it.    While  if  thus  commences  at  the  sources 
c=  of  the  Mahanoy,  in  strata  below  any  productive  coal- 
Fio.  232.— Western  Oiigin  of  Bear  Eidyc  Axis.      geams,  hcrc,  at  its  W.  extremity,  near  Ashland,  it  afiiects 
some  of  the  highest  of  the  Coal-measures  of  the  Mahanoy  Basin,  the  bed  of  which  it  does  not 
arch,  but  merely  flattens. 

Basin  No.  3 — the  Mahanoy  Basin  proper,  ur  the  South  Mahanoy  Basin. — The  basin  or  syn- 
clinal valley  of  the  Mahanoy,  bounded  on  the  N.  by  the  anticlinal  of  Bear  Ridge,  which  we  have 
just  been  tracing,  and  on  the  S.  by  the  monocHnal  crest  of  the  Eastern  Mahanoy  Mountain, 
by  the  N.  brow  of  Broad  Mountain,  and  Westward  of  this  by  the  crest  of  the  proper  Mahanoy 
Mountain,  commences  at  the  E.  in  the  sharp  syncHnal  knob  lying  between  Pine  Creek  and 
the  Red  Shale  Cove  north  of  it.  The  gorge  of  Pine  Creek  reveals  distinctly  its  synclinal 
structure,  but  discloses  no  Coal-measures  so  far  Eastward  in  the  trough.  Passing  Westward 
down  the  symmetrical  spoon-shaped  valley  of  the  South  Mahanoy,  we  detect  in  the  terraced 
features  of  both  the  Mahanoy  Mountain  and  the  middle  ridge  of  the  basin  the  topographical 
indications  of  the  lower  coal-beds.  Opposite  Faust's  Tavern,  on  the  Middleport  and  Cata\^-issa 
Road,  the  productive  Coal-measures  rise  on  the  N.  slope  of  the  Little  Mahanoy  Mountain  to  an 
elevation  of  nearly  300  feet  above  the  South  Branch  of  Mahanoy,  and  their  upper  margin  ranges 
nearly  level  from  this  point  Eastward  along  the  flank  of  the  mountain,  preser^^ng  a  line  about 

Fig.  233.— Bear  Ridge  Tunnel,  Mahanoy  Basin,  looking  E.— 1  inch  =  100  feet. 


half-way  between  the  stream  in  the  bed  of  the  valley  and  the  N.  edge  of  the  mountain  summit. 
By  the  rise  of  the  basin,  this  nearly  level  line  gradually  approaches  the  foot  of  the  mountain, 
until  it  turns  to  constitute  the  extreme  Eastern  end  of  the  basin  of  the  coal-rocks.  This  will  be 
found  to  be  somewhere  within  or  just  E.  of  the  Paul  Hannah  Tract  of  the  Girard  Lands,  and 
but  a  short  distance  W.  of  the  extreme  head  of  the  South  Branch  of  the  Mahanoy.    The  N.  line 
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of  the  basin  may  be  traced  from  this  point  nearly  due  Westward  to  the  mouth  of  the  North 
Mahanoy,  and  thence  Westward  a  little  S.  along  the  summit  of  Bear  Ridge. 

Axis  No.  4 — Shenandoah  Axis. — A  third  anticlinal  axis  is  traceable  through  the  interior  of 
the  Mahanoy  Coal-field,  commencing  at  the  S.  foot  of  the  Big  Mountain,  E.  of  Coal  Run,  and 
terminating,  so  far  as  we  are  able  to  ascertain,  a  little  W.  of  Big  Mine  Run,  near  Ashland.  It 
is  faintly  visible  N.  of  the  North  Mahanoy  and  on  the  Middleport  and  Catawissa  Road. 
Ranging  Westward,  it  passes  along  the  crest  of  the  ridge,  the  S.  slope  of  which  contains  the 
source  of  Westhouse  Run,  and  crossing  the  next  stream,  it  follows  the  same  ridge  prolonged  to 
where  this  is  cut  by  the  Shenandoah,  south  of  Patrick  Kaley's  house,  on  the  Newcastle  and 
Catawissa  Road.  The  anticlinal  ridge,  wdiich,  E.  of  this  intersection,  bounds  the  Shenandoah 
Creek  on  the  S.  after  being  cut  by  it,  forms  the  N.  boundary  of  the  valley  of  that  stream  to  its 
junction  with  the  "Mahanoy.  The  crest  of  this  ridge,  carrying  the  axis,  passes  about  three- 
fourths  of  a  mile  N.  of  Girardville,  and  about  the  same  distance  N.  of  the  mouth  of  Big  Mine 
Run.  In  this  neighbourhood  it  is  the  South-bounding  ridge  of  the  valley  of  the  East  Branch 
of  Big  Mine  Run.  This  arch  is  not  exhibited  far  to  the  Westward  of  the  main  Big  Mine  Run, 
its  last  appearance  being  recognised  in  a  coal-shaft  on  a  vein  of  slaty  coal  which  just  saddles  the 
axis.  It  probably  expires  before  reaching  the  Catawissa  Road,  its  only  effect  there  being  a 
lifting  of  the  table -land  which  lies  S.  of  the  main  crest  of  Locust  Mountain.  Throughout  its 
range,  from  the  Middleport  and  Catawissa  to  the  Ashland  and  Catawissa  Road,  it  traverses  a 
wild  region  entirely  undeveloped,  and  it  is  impossible  to  specify  the  portion  of  the  Coal-measures 
brought  up  to  the  surface  along  the  crest  of  the  wave  ;  we  only  know  that  at  its  E.  extremity 
it  lies  N.  of  the  margin  of  any  productive  Coal-measures,  and  in  the  vicinity  of  Patrick  Kaley's, 
on  the  Shenandoah,  the  Coal-measures  saddle  the  axis,  and  on  Big  Mine  Run  it  brings  to  view 
the  strata  which  lie  next  below  the  great  Mammoth  coal-seam. 

Basin  No.  4. — We  are  ecpally  at  a  loss  to  define  the  part  of  the  coal  series  embraced  within 
the  basin  which  lies  next  S.  of  the  anticlinal  No.  3,  which  we  have  just  been  tracing  ;  we  can 
merely  say,  that  at  its  E.  extremity,  near  Coal  Run,  it  contains  Loeser's  Ten-feet  Coal  low  in  the 
White- Ash  measures  ;  and  that  near  its  W.  end,  where  Big  Mine  Run  intersects  it,  it  includes  the 
Jugular  and  probably  the  Mammoth  seams.  In  the  intermediate  tract,  especially  that  of  the 
valley  of  the  Shenandoah,  this  basin  is  almost  certainly  deeper  than  towards  either  extremity  ; 
and  if  the  axis  No.  2  expires,  as  we  have  reason  to  think  it  does,  before  reaching  the  Shenandoah, 
this  basin,  here  bounded  on  the  S.  by  the  Bear  Ridge  anticlinal,  must  be  greatly  deeper,  and 
supplied  with  a  far  thicker  series  of  Coal-measures.  The  determination  of  the  W.  limit  of  the 
feeble  intermediate  axis  No.  2  will,  therefore,  be  a  point  of  much  importance  in  any  future 
explorations  and  estimates  of  the  extent  of  coal  in  this  part  of  the  Mahanoy  coal-field,  now  in 
chief  part  the  property  of  the  city  of  Philadelphia.  Although  the  anticlinal  axis  No.  3  bounding 
this  basin  ranges  nearly  in  a  line  with  the  great  anticlinal  of  the  crest  of  Locust  Mountain,  it 
would  seem  not  to  be  continuous  with  it,  but  at  Big  Mine  Run  and  further  E.  to  lie  nearly  one- 
third  of  a  mile  to  the  S.  of  it.  It  is  thus  that  axis  No.  3  lifts  and  flattens  the  South-dipping 
strata  of  the  S.  flank  of  Locust  Mountain,  on  the  Ashland  and  Catawissa  Road.  (See  Section, 
Plate  IV.) 

On  Big  Mine  Run  the  belt  S.  of  the  anticlinal  No.  3  contains  two  or  three  subordinate 
anticlinal  undulations,  at  least  two  of  which  are  recognisable  near  the  Catawissa  Road  in  the 
vicinity  of  Repplier's  Tunnel.  « 
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Anticlinal  Axis  No.  5,  or  that  of  Ashland. — The  next  anticlinal  is  one  of  much  importance 
in  the  structure  of  the  Mahanoy  Coal-field.  It  appears  to  originate  somewhere  between 
the  Shenandoah  and  Big  Mine  Eun,  and  to  terminate  Westward  not  far  to  the  W.  of  the 
Old  Minersville  Eoad,  towards  the  head  of  the  general  basin  bounded  by  the  Mahanoy  and 
Locust  Mountains.  From  Big  Mine  Eun  to  the  Minersville  and  Shamokin  Eoad,  this  line  of 
anticlinal  flexure  follows  very  nearly  the  crest  of  the  middle  ridge  of  the  valley  of  the  Mahanoy 
and  Locust  Mountains,  or  that  which  passes  just  N.  of  Ashland.  This  ridge  possesses  con- 
siderable breadth  and  elevation  the  whole  way  from  Big  Mine  Eun  to  Big  Eun,  beyond  the 
W.  branch  of  which  it  rapidly  declines.  Throughout  the  chief  part  of  its  course  the  flexure  is 
sharply  folded  with  more  or  less  inversion  of  the  N.  side  of  the  wave  ;  and  there  is  good  reason 
to  suppose,  as  an  inspection  of  our  Section  along  Little  Mine  Eun  will  show,  that  in  some 
places  the  abruptness  of  the  folding  has  resulted  in  an  actual  dislocation  or  fault.  The  folded 
form  of  the  axis  is  clearly  proved  by  the  sections  on  Little  Mine  Eun  and  on  Locust  Eun  at  the 
Catawissa  Eoad,  and  is  finely  exposed  to  view  in  an  arch  of  the  strata  at  the  intersection  of  the 
ridge  by  Big  Eun  further  Westward.  It  assumes  the  character  of  a  depressed  normal  arch  when 
it  reaches  the  Old  Minersville  Eoad.  How  it  terminates  to  the  Eastward  we  are  not  at  present 
able  to  say. 

If  we  view  the  subordinate  undulations  which,  from  Big  Mine  Eun  to  Big  Eun,  everywhere 
follow  the  N.  side  of  this  inverted  flexure,  we  may  regard  the  whole  belt,  between  the  folded 
axis  and  the  synclinal  axis  at  the  foot  of  Locust  Mountain,  as  pertaining  to  the  inverted  side  of 
a  completely-undulated  and  greatly-compressed  wave.  Viewed  in  this  light,  the  structure  of 
the  Mahanoy  and  Locust  Mountain  basin,  as  exhibited  in  our  several  sections,  will  be  more 
readily  understood.  Let  us  now  pass  to  a  description  of  this  complex  basin,  and  to  the 
explanation  of  the  sections  through  which  we  design  to  illustrate  what  is  at  present  ascertain- 
able respecting  the  Coal-measures  which  it  includes,  and  the  undulations  which  disturb  them. 

BASINS  BETWEEN  THE  MAHANOY  AND  LOCUST  MOUNTAINS. 

Basin  No.  5,  or  Ashland  Basin  south  of  Anticlinal  No.  5. — This  interesting  and  very 
valuable  division  of  the  Mahanoy  coal-field  is  in  part  a  prolongation  of  that  trough,  in  the  strata 
which  we  have  styled  the  Mahanoy  Basin  proper,  but  which,  ceasing  with  the  cessation  of  the 
Bear  Eidge  anticlinal,  expands  itself  into  this. 

From  Big  Mine  Eun  westward,  even  to  the  junction  of  the  Mahanoy  and  Shamokin 
mountains,  or  more  strictly,  to  the  Western  end  of  the  Ashland  folded  anticlinal,  this  Ashland 
basin  has  the  structure  of  an  almost  perfectly  regular  trough.  Its  rocks  rise  from  a  central 
synclinal  line  or  axis,  where  they  seem  to  be  nearly  horizontal  towards  either  side  of  the  valley, 
with  an  almost  symmetrical  inclination  ;  those  on  the  S.  side  ascending  into  the  N.  flank  of  the 
Mahanoy  ]\Iountain,  and  those  on  the  N.  side  into  the  S.  slope  and  crest  of  the  Ashland  or 
Middle  Eidge.  The  only  departure  from  a  strictly  symmetrical  structure  is  in  the  greater 
general  steepness  of  the  dip  along  the  Southern,  compared  with  that  along  the  Western  side  of 
the  basin,  for  the  average  inclination  of  the  coal-beds  and  other  strata  in  the  Mahanoy  Mountain 
is  about  60°,  while  the  opposite  or  S.  dips,  on  the  flank  and  at  the  foot  of  the  Middle  Eidge,  does 
not  much  exceed  40°,  This  steepness  in  the  N.  dip  in  the  Mahanoy  Mountain  prevails  to  the 
Western  end  of  the  whole  coal-field,  while  the  Southern  inclination  in  the  ]\Iiddle  Eido-e 
gradually  subsides  to  horizontality,  as  the  axis  of  this  ridge  dies  away  Westward. 


MAHANOY  BASINS. 


273 


Two  watersheds,  or  summits  of  drainage,  occur  in  the  length  of  this  Ashland  basin  ;  they 
are  not  connected  apparently  with  any  upheavals  of  the  strata,  but  are  merely  the  results  of 
denudation.  The  more  Eastern  one  lies  about  midway  between  the  Mahanoy  and  Big  Run 
gaps,  while  the  other  is  nearly  midway  between  the  Big  Run  and  Locust  gaps,  the  latter  water- 
shed being  not  far  from  the  Western  end  of  the  Middle  Ridge.  The  bed  of  the  valley  here 
is  nearly  level  with  the  summit  of  that  anticlinal  range,  and  the  entire  surface  of  the  basin, 
tlierefore,  from  mountain  to  mountain,  is  much  elevated.  Connected  with  these  features  there 
will  probably  be  found  a  somewhat  increased  thickness  or  depth  of  Coal-measures  in  both 
instances  ;  in  the  case  of  the  watershed  near  Ashland,  by  a  piling-up  of  the  strata  in  the  middle 
of  the  basin,  and  in  that  of  the  summit  between  Big  Creek  and  Locust  gaps  by  a  similar 
addition  of  undenuded  coals,  assisted  by  the  subsidence  of  the  anticlinal  flexure  which  else- 
where lifts  all  but  the  lowest  measures  from  out  of  the  centre  of  the  coal-field. 

Basin  No.  6,  or  that  of  the  S.  Side  of  Locust  Mountain. — Viewing  this  somewhat  undulated 
synclinal  belt  as  commencing  somewhere  in  the  vicinity  of  Big  Mine  Run,  and  as  coalescing 
Westward  at  the  point  of  subsidence  of  the  folded  anticlinal  S.  of  it  with  the  Ashland  Basin, 
we  may  observe,  from  an  inspection  of  the  sections  along  Big  Mine,  Little  Mine,  Locust  and 
Big  runs,  that  towards  its  Eastern  end  is  an  elevated  and  much-disturbed  tract  of  the  lower 
Coal-measures  ;  and  this  condition  of  things  continues  until  we  pass  some  distance  Westward 
of  Locust  Run,  the  undulations  occupying  nearly  the  w^hole  breadth  of  the  belt  between  the 
folded  anticlinal  of  the  Middle  Ridge  and  the  normal  axis  of  Locust  Mountain ;  but  as  we 
approach  the  head-waters  of  Big  Run,  the  plications  and  undulations  no  longer  extend  as  far 
Northward  across  the  basin,  but  become  confined  to  its  S.  side,  showing  that  they  are  not 
in  reality  undulations  on  the  S.  leg  of  the  I^ocust  Mountain  arch,  but  are  secondary  dis- 
turbances connected  w4th  the  great  fold  of  the  Middle  Ridge.  Contributing  to  this  change  in 
the  structure  of  this  disturbed  belt,  is  a  progressive  cessation  Westward  of  the  more  Northern 
of  the  smaller  anticlinals  which  lie  within  it.  First,  the  Shenandoah  axis,  or  that  next 
adjacent  to  the  anticlinal  crest  of  the  Locust  Mountain,  expires  a  little  W.  of  the  Big  Mine 
Run.  In  the  next  place,  a  smaller  axis,  made  apparent  in  some  shaftings  near  Big  Mine  Run, 
ceases  at  Locust  Run,  being  detected  there  in  Repplier's  Tunnel,  under  features  which  show 
it  to  be  fast  expiring.  A  third  subordinate  saddle,  visible  on  Big  Mine  Run  just  N.  of  the  mine  in 
the  lower  Big  Coal  bed,  is,  from  evidence  derived  from  shafting  near  the  Catawissa  Road,  seen  to 
be  there  subsiding,  nor  does  it  appear  to  pass  far  to  the  Westward  of  the  ravine  of  Locust 
Run. 

Not  one  of  these  three  undulations  S.  of  the  Locust  Mountain  axis  reaches  the  centre  turn- 
pike, where  only  a  S.  dip  occurs  from  the  summit  to  the  base  of  the  mountain.  It  is  to  the 
presence  Eastward  of  these  anticlinal  waves  or  uplifts  that  we  must  impute  the  general  rising 
m  that  direction  along  this  belt  of  the  lower  Coal-measures,  and  the  general  elevation  of  the 
surface  S,  of  the  true  flank  of  the  Locust  Mountain ;  and  we  must  ascribe  their  absence  West- 
ward to  the  deepening  of  the  valley  between  the  mountain  and  the  central  ridge.  Connected 
with  this  deepening  there  is  doubtless  a  general  deepening  of  the  synclinal  trough,  or,  in 
other  words,  an  accumulation  of  Coal-measures  admitting  a  greater  number  of  coal-seams  : 
this  condition  prevails  to  the  Westward,  until  the  general  rising  of  the  bottom  of  the  whole 
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double  synclinal  trough,  indicated  in  the  drawing  together  of  the  Locust  and  Mahanoy  mountains, 
counteracts  it,  and  finally  shoals  out  the  Coal-measures. 

Along  the  S.  side  of  the  synclinal  belt  which  we  are  considering,  there  ranges,  connected 
with  the  inversion  of  the  N.  side  of  the  folded  anticlinal  of  the  Middle  Ridge,  a  compressed  or 
folded  basin,  traceable  from  Little  Mine  Run  to  Big  Run,  and  perhaps  ultimately  still  further 
in  both  directions.  While  the  South-dipping  rocks  of  the  N.  side  of  this  narrow  trough  decline  at 
an  angle  seldom  exceeding  45°,  the  same  beds,  where  they  are  overturned  to  form  its  S.  side, 
lean  past  the  perpendicular,  at  angles  as  low  as  55°,  and  in  some  instances  lower  than  50°. 
This  extreme  degree  of  inversion  is  visible  in  two  or  three  of  the  drifts  on  the  E.  side  of  Big 
Run.  On  Big  Run  this  folded  synclinal  exhibits  less  regularity  than  belongs  to  it  on  the  Little 
Mine  Run  east  of  Ashland.  An  inspection  of  our  sections  will  show  that  at  Big  Run  the 
S.  side  of  the  basin,  or,  what  is  the  same  thing,  the  N.  flank  of  the  inverted  anticlinal,  is 
excessively  disturbed  and  thrown  into  a  succession  of  folds,  in  at  least  two  of  which  there  is 
visible  an  overlap  of  the  strata  upon  themselves. 

COAL-BEDS  IN  THE  COAL-FIELD  BETWEEN  THE  MAHANOY  AND  LOCUST  MOUNTAINS. 

(Consult  Section  on  Catawissa  Eoad  and  Ashland  Gap.) 

Mahanoy  Gap. — The  water-gap  of  the  Mahanoy,  in  the  mountain  S.  of  Ashland,  aflfords  an 
excellent  opportunity  ,  for  measuring  the  thicknesses  of  all  the  strata,  from  the  upper  members  of 
the  Umbral  series  to  the  middle  Coal-measures,  and  for  determining  the  order  of  superposition 
of  many  of  the  coal-seams,  and  their  several  thicknesses.  The  mountain  being  here  cleft  to  its 
base,  and  furnishing  a  great  slant  length,  or,  in  miners'  language,  a  high  breast  on  the  lower  coal- 
beds,  this  spot  is  destined  to  become  the  scene  of  active  mining  operations  ;  and  as  a  preliminary 
to  these,  the  coals  have  been  systematically  opened  by  a  series  of  experimental  shafts,  and  by 
several  drifts  penetrating  the  end  of  the  mountain,  forming  the  W.  side  of  the  notch,  at  an 
elevation  a  little  above  the  stream. 

Defining  the  several  strata,  as  usual,  in  ascending  order,  the  first  mass  we  shall  specially  note 
is  the  Serai  conglomerate. 

Serai  Conglomerate. — Understanding  by  this  term  the  coarse  unproductive  portion  of  the 
Coal-measures,  which,  under  the  form  of  a  thick  succession  of  massive  beds  of  nut  and  egg-sized 
conglomerates  and  pebbly  sandstones,  forms  the  floor  of  the  lowest  productive  or  even  notable 
seams  of  anthracite,  we  may  define  it  as  here  including  but  a  comparatively  small  amount  of 
sandstone,  and  as  consisting  mainly  of  beds  of  silicious  pebbles  of  the  full  average  coarseness. 
The  thickness  of  this  mass  is  about  600  feet,  measuring  it  from  the  uppermost  layer  of  Red 
Shale  to  the  bottom  of  the  first  bed  of  coal. 

Alternating  with  the  upper  portion  of  the  Umbral  series,  occur  five  or  six  massive  strata  of 
grey  silicious  conglomerate  and  pebbly  sandstones,  in  nearly  equal  thickness  with  the  beds  of 
Red  Shale  which  separate  them.  These  passage-beds,  which  mark  the  first  invasion  of  the  currents 
transporting  the  pebbly  and  sandy  materials  of  the  Serai  Coal-measures,  occupy,  with  the  inter- 
posed layers  of  Red  Shale — the  last  depositions  of  the  tranquil  waters  thus  invaded — a  thickness 
of  not  less  than  another  600  feet. 
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First  or  Loivest  Coal,  No.  I.  of  the  Ashland  Series. — The  lowest  coal  is  no  more  than  18  or 
20  inches  in  thickness,  nor  does  the  seam  contain  this  much  of  pure  coal. 

To  it  succeeds  a  massive  bed  of  conglomerate,  and  another  of  sandstone,  having  an  aggre- 
gate thickness  of  not  less  than  300  feet. 

Coal  No.  II. — Upon  this  rests  the  second  coal,  impure  and  slaty,  appearing  to  be  5  feet  thick 
at  its  outcrop. 

Between  Coal  No.  II.  and  the  next  occurs  a  body  of  coarse  grey  sandstones,  in  thickness 
about  100  feet. 

Coal  No.  III. — This  third  coal  of  the  gap  has  been  supposed  to  be  the  so-called  Jugular  Vein, 
of  enormous  thickness  in  the  Mine  Hill  Basin.  Here,  at  the  water-level  of  the  gap,  it  is  believed 
to  have  a  diameter  of  only  5  feet.  Higher  towards  the  summit  of  the  mountain,  and  Westward 
along  its  N.  crest,  a  coal,  under  the  normal  size  of  the  Jugular,  occurs,  measuring  as  much 
as  28  feet,  including  in  this  thickness  not  more  than  2  or  3  feet  of  slate,  and  2  or  3  feet  of  impure 
or  bony  coal ;  but  it  is  a  different  coal  from  No.  Ill,  being  in  reality,  as  our  Section  on  Plate  IV. 
shows.  Coal  VI.  or  the  so-called  Mammoth  bed. 

Above  this  5 -feet  vein  lies  a  Nut  and  Pea-conglomerate  exceedina;  150  feet  in  thickness. 

Coal  No.  IV. — A  small  seam  about  3  feet  thick  succeeds  the  Pea-conglomerate. 

Sandstone  and  arenaceous  slates,  in  thickness  about  50  feet,  now  intervene  between  Coal 
No.  IV.  and  the  next  coal-bed. 

Coal  No.  V. — The  fifth  seam  is  likewise  a  very  thin  one,  being  only  a  foot  or  two  thick. 

A  thickness  of  about  30  feet  separates  the  Little  Coal  No.  V.  from  the  Great  Mammoth  Seam. 

Coal  No.  VI. — This  great  bed,  called  the  Mammoth  Vein,  in  the  Ashland  Basin,  measures  at 
this  place  about  25  feet.  It  consists  of  three  main  benches  of  coal,  insulated  from  each  other  by 
two  dividing- slates. 

About  120  feet  of  rock,  chiefly  coarse  sandstone  and  Pea-conglomerate,  divide  the  Mammoth 
bed  from  the  next  overlying  coal. 

Coal  No.  VII. — This  is  caUed  the  Six-feet  Coal  bed,  but  it  usually  contains  not  more  than 
4^  feet  of  coal.    It  includes  two  benches. 

Succeeding  the  Coal  No.  VII.  is  a  mass  of  Pea-conglomerate  and  sandstone  about  160  feet  in 
thickness,  in  which,  at  a  depth  below  the  next  coal-bed  of  some  40  feet,  occurs  a  stratum  of 
shale,  imbedding  balls  of  iron  ore. 

Coal  No.  VIII. — Next  in  order  is  a  coal  ordinarily  called  the  Twelve-feet  Vein,  but  it  is  not 
in  reality  more  than  about  9  feet  thick.    This  includes  four  benches. 

Separating  this  coal  from  the  next  is  a  mass  of  sandstone,  with  a  little  slate,  of  a  thick- 
ness of  70  feet. 

Coal  No.  IX. — This  is  a  double  coal  of  two  thin  seams,  the  whole  measuring,  with  the  inter- 
posed slate,  about  6  feet,  and  yet  not  containing  coal  enough  to  be  workable. 

About  30  feet  of  rock-sandstone  now  interpose,  then  we  have  the  next  coal. 

Coal  No.  X. — Upon  the  sandstone  rests  a  bed  of  coal,  which,  as  it  w^as  shafted,  seemed 
to  have  a  thickness  of  4  or  5  feet.    This,  at  the  Little  Breaker,  is  shown  in  the  Section. 

A  thick  mass  of  Pea-conglomerate  and  coarse  sandstone  follows  Coal  No.  X. :  it  has  a  thick- 
ness of  not  less  than  160  feet. 
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Coal  No.  XI. — The  next  seam  of  coal  is  not  a  pure  one,  but  consists  of  alternating  coal  and 
slate.    In  the  shafts  sunk  upon  its  outcrop  it  appeared  to  have  a  thickness  of  8  feet. 

Succeeding  this  occur  a  grey  sandstone  and  sandy  slate  through  a  thickness  of  nearly  200  feet. 

Coal  No.  XII. — We  now  come  to  a  thin  coal-bed  met  within  the  point  of  the  ridge  just  S. 
of  the  town  of  Ashland  ;  the  drift  is  obscure,  and  no  record  remains  of  the  thickness  of  the  seam, 
which  is  evidently  not  great. 

Between  this  last-mentioned  coal  and  the  cessation  of  all  rock-exposures  near  the  middle  of 
the  valley,  and  nearly  coincident  with  the  main  street  of  the  village,  there  are  about  200  feet  of 
strata  imperfectly  visible,  consisting  of  sandstones,  slates,  and  shales,  and  in  these  have  been 
found  two  or  three  very  thin  seams  of  soft  and  impure  coal.  This  brings  us  to  the  uppermost 
Coal-measures,  saved  from  denudation  in  this  portion  of  the  Ashland  Basin. 

We  have  here  enumerated  twelve  independent  beds  of  coal  of  various  dimensions,  from  2  feet 
to  25  feet ;  but  of  this  series  there  are  only  about  four  which,  under  present  circumstances,  it  is 
worth  the  while  of  the  colliers  in  this  district  to  mine  upon  a  scale  of  any  magnitude.  So 
greatly  more  remunerative  are  the  lower  thick  beds,  extending  in  breasts  more  than  half  the 
height  of  the  mountain  above  the  water-level,  that  the  thinner  seams,  especially  the  upper  ones, 
are  naturally  for  the  present  neglected. 


FLEXUEES  AND  COALS  ON  BIG  MINE  EUN. 


The  flexures  and  relations  of  the  few  coal-seams  developed  along  Big  Mine  Eun  must  be  now 
briefly  mentioned.  There  are  three  anticlinal  undulations  S.  of  the  main  axis  of  Locust  ]\Ioun- 
tain.  The  most  Northern  of  these  is  the  Shenandoah  anticlinal,  or  axis  No.  4  ;  and  the  most 
Southern  is  that  vs^hich,  a  little  E.  of  the  Catawissa  Road,  lifts  a  large  coal  as  it  rises  and  expands 
to  the  E. ;  while  the  middle  axis,  apparently  a  very  short  one,  is  that  which  occurs  in  Repplier's 
Tunnel  on  Locust  Run. 

The  large  bed  of  coal  shown  dipping  S.  at  an  angle  of  32°,  as  it  is  mined  at  Bast  and 
Company's  Colliery  on  the  W.  side  of  Big  Mine  Run,  is,  upon  the  most  natural  view  we  can 
adopt,  the  same  seam  which  is  seen  dipping  N.  on  the  N.  side  of  the  Locust 
Mountain  axis.  From  the  position  of  this  great  coal,  so  far  to  the  N.  of  the 
range  of  the  most  Northern  ascertained  outcrop  of  the  Mammoth  Vein,  and 
from  the  uplifted  condition  of  the  strata,  I  am  disposed  to  consider  it  as  the 
Mammoth  Seam  of  another  flexure  ;  and  this  view  will  receive  confirmation 
upon  a  comparison  of  this  section  with  those  illustrating  the  state  of  things 
on  Little  Mine  and  Locust  runs. 

For  the  subdivisions  of  this  so-called  Mammoth  Coal  on  Big  Mine  Run, 

Fig.  234.  —  Mammoth 

Coal,  Big  Mine  Kun.    scc  the  cut  hcrc  attached. 


FLEXUEES  AND  COALS  ON  LITTLE  MINE  EUN. 

A  study  of  the  relative  distances,  thicknesses,  and  dips  of  the  several  coal-beds  opened  on 
the  W.  side  of  Little  Mine  Run,  with  the  more  conspicuous  intervening  rocks,  makes  it  appear 
that  there  exist  at  that  ravine,  two  important  anticlinal  flexures,  the  more  Southern  one  ha\dng 
the  inverted  form,  while  the  more  Northern  has  a  normal  shape.    S.  of  the  Southern  or  folded 
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arch  is  one  of  the  two  very  thick  coal-seams  of  the  district,  the  thickness  of  which  at  its  outcrop 
is  26  feet,  and  next  S.  of  this  occurs  another  bed  of  medium  size,  here  having  a  diameter  of  about 
1 1  feet.  This  latter  has  been  regarded  by  some  persons  as  the  true  Mammoth  bed,  while  the  first- 
mentioned  is  considered  by  them  to  be  the  Jugular.  Upon  this  view,  the  inverted  coal  seen 
next  N.  of  the  fold,  and  represented  as  9  feet  thick,  is  the  lower  or  Jugular  Vein,  while  that 
which  outcrops  next  N.  of  this,  and  given  in  the  section  as  7  feet  thick,  must  be  regarded  as  the 
inverted  leg  of  the  arch  of  the  Mammoth  bed. 

Opposed  to  this  hypothesis  is  the  fact  that  the  fourth  of  these  large  coals,  or  the  second  one 
N.  of  the  arch,  is  manifestly  not  inverted,  but  displays  a  top  slate,  with  ferns  resting  in  natural 
position  upon,  and  not  beneath  it,  and  a  bottom  shale  with  Stigmaria  supporting,  and  not  overly- 
ing it.  In  its  coal,  moreover,  it  exhibits  none  of  the  ordinary  signs  of  a  movement  of  inversion, 
but  exhibits  every  symptom  of  having  been  lifted  only  into  a  normal  dip.  It  is,  in  other  words, 
one  of  the  most  regular  beds  embraced  in  the  section.  We  are  therefore  constrained,  while  we 
admit  the  inversion  in  the  strata  immediately  N.  of  the  arch,  to  assume  a  synclinal  flexure  just 
S.  of  this  7-feet  bed ;  or  to  conceive,  in  other  words,  that  the  9-feet  inverted  coal  and  it  are  one 
and  the  same  stratum  folded  back  again.  Upon  this  view,  which  is  inconsistent  with  the  idea 
that  these  only  moderately  thick  beds  N.  of  the  axis  are  parts  of  either  the 
Mammoth  or  the  Jugular  coals,  we  can  hardly  avoid  identifying  them  with  the 
second  bed  S.  of  the  arch,  represented  as  containing  a  mine-drift,  and  as  mea- 
suring 1 1  feet  in  thickness.  ' 

The  coal,  11  or  12  feet  thick,  S.  of  the  folded  flexure  on  Little  Mine  Eun,  fig.  235.— Patterson's 

,     .  .  .  Coal,  Little  Mine 

and  called  Patterson  s,  is  shown  in  the  accompanying  cut.  Run. 


FLEXURES  AND  COALS  ON  LOCUST  RUN,  AND  ON  THE  CATAWISSA  ROAD. 

(See  Section,  Plate  IV.) 

A  recent  revision  of  this  neighbourhood  (1857)  has  enabled  us  to  clear  up  some  of  its  seem- 
ing obscurity.  The  very  persevering  and  skilful  experimental  shaftings  and  provings  carried  on 
adjacent  to  Locust  Run,  and  on  the  Catawissa  Eoad  and  in  the  Mahanoy  Mountain  at  the  Ash- 
land Gap,  have  furnished  us  with  data  for  the  construction  of  a  section  which  represents,  we 
think,  pretty  nearly  the  true  structure  of  this  part  of  the  coal-field.  The  great  seam,  or  Jugular 
bed  of  Ashland,  is  thrown  by  a  fault  into  two  outcrops  on  the  brow  of  the  mountain.  On  the 
N.  side  of  the  basin  it  is  folded  back  under  itself  into  an  inverted  or  S.  dip,  and  its  arch  is  denuded 
into  two  outcrops  supposed  till  lately  to  indicate  two  separate  large  coal-beds.  It  rises  again 
further  N.,  twice  to  the  level  of  the  road,  high  on  the  slope  and  summit  of  Locust  Mountain.  The 
Section  exhibits  all  the  dips,  distances,  and  thicknesses  now  ascertained  by  mining  and  measure- 
ment. 

ANTICLINAL  FLEXURES  AND  INTERVENING  BASINS  OF  THE  SHAMOKIN 
COAL-FIELD,  WITH  THE  COALS  WHICH  THEY  PRESENT. 

Anticlinal  No.  6 — that  of  Locust  Mountain. — This  important  axis,  already  defined  as  bound- 
ing the  Shamokin  Coal-field  on  the  S.,  originates  in  the  valley  of  the  East  Branch  of  Big  Mine 
Run  somewhere  N.  of  Girardville,  and  apparently  about  one-third  of  a  mile  S.  of  the  Southern 
slope  of  Big  Mountain.    It  does  not  impress  itself  on  the  topography  until  it  reaches  Big  Mine 
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Run,  on  the  W.  of  wliich  the  arch  indicates  itself  in  a  knob,  around  the  E.  end  of  which  flows 
the  W.  branch  of  that  stream.  Rapidly  ascending  from  this  point  Westward,  it  forms  the  S.  part 
of  the  high  table-land  S.  of  the  Shamokin  Mountain,  across  which  passes  the  Ashland  and  Cata- 
wissa  Road.  From  the  Catawissa  Road  westward  it  continues  to  rise  nearly  to  the  centre 
turnpike,  beyond  which  it  slowly  subsides  to  the  neighbourhood  of  Locust  Gap,  where  the  axis 
seems  again  to  ascend  in  its  progress,  until,  by  finally  lifting  out  the  soft  Umbral  rock  subjacent 
to  the  coal  strata,  it  separates  the  conglomerate  which  previously  spans  it  into  two  monoclinal 
outcrops,  the  S.  one  slowly  swinging  Southward  to  unite  with  the  crest  of  the  ]\Iahanoy 
Mountain,  and  form  the  high  synclinal  summit  called  the  Locust  Knob,  and  the  N.  one  holding 
onward,  but  deflecting  slightly  Northward,  to  constitute  thence  the  monoclinal  South-bounding 
mountain-ridge  of  the  Shamokin  Basin.  Between  the  Catawissa  Road  and  the  Locust  Gap,  the 
line  of  this  axis  is  not  straight,  but  curves  sensibly  convex  Northward ;  but  from  Locust  Gap 
to  the  cove  of  Red  Shale  through  which  it  passes  out  from  between  the  Coal-measures,  it 
appears  to  hold  a  nearly  direct  course. 

Strata  elevated  to  the  Surface  hy  this  Anticlinal. — The  rocks  which  denudation  has  laid 
bare  on  the  back  of  this  anticlinal  wave  at  its  Eastern  origin,  are  the  middle  Coal-measures  ;  but 
from  Big  Mine  Run  to  a  point  about  one-third  or  half  a  mile  W.  of  its  intersection  with  the 
Catawissa  Road,  they  are  only  the  lowest  of  the  productive  coal-rocks ;  while  from  the  point 
mentioned  to  Locust  Gap,  and  indeed  throughout  its  entire  length  to  the  Red  Shale  cove  at 
Locust  Knob,  the  materials  exposed  are  the  different  members  of  the  conglomerate  beds  which 
underlie  the  true  Coal-measures. 

In  that  section  of  its  length  which  extends  from  near  the  Catawissa  Road  to  Locust  Gap, 
especially  the  portion  a  couple  of  miles  E.  and  as  many  W.  of  the  centre  turnpike,  there  would 
seem  to  be  two  or  three  subordinate  flexures  on  the  back  of  the  main  anticlinal  wave,  the  more 
Eastern  of  these  passing  Northward  of  those  originating  further  W.,  a  structure  which  perhaps 
is  connected  with  the  slightly  convex  sweep  of  the  mountain  in  this  neighbourhood.  The  Map 
will  illustrate  their  position. 

In  the  deep  notch,  called  Locust  Gap,  by  which  this  anticlinal  ridge  is  cut  to  its  base,  the 
upper  Egg-conglomerate,  in  a  massive  stratum  40  or  50  feet  thick,  may  be  seen  rising  from  the 
bed  of  the  notch  in  a  regular  arch,  the  crown  of  which  is  about  100  feet  above  the  level  of  the 
stream  called  Locust  Run,  which,  issuing  from  the  Western  part  of  the  IMahanoy  Valley,  flows 
N.  by  the  gorge  to  join  the  Shamokin  Creek.  The  arch  here  is  nearly  symmetrical,  the  strata  of 
its  N.  and  S.  abutments  dipping  about  20°.  On  both  sides  of  this  arch  are  several  regular 
terraces  or  benches,  formed  by  the  denudation  of  the  softer  strata — namely,  the  coal-beds,  and  the 
slates  adjoining  them  ;  and  these  terraces  or  benches,  as  they  are  familiarly  called,  extend  with 
greater  or  less  regularity  along  both  flanks  of  the  mountain  throughout  its  entire  length. 

Anticlinal  No.  7 — that  of  Mine  Ridge  and  of  Mount  Carmel. — Passing,  in  the  next  place,  to 
the  consideration  of  the  first  long  anticlinal  N.  of  the  foregoing  one  of  Locust  Mountain,  and 
deferring  the  description  of  the  several  subordinate  ones  included  between  these  two  principal 
waves,  until  the  synclinal  belt  including  them  is  under  treatment,  we  have  an  axis  of  remarkable 
length  and  straightness.  Coming  from  the  East,  it  foUows  for  several  miles  the  N.  foot  of  the  Big 
Mountain,  to  where  this  throws  a  spur  Eastward  about  2^:  miles  N.  of  Girardville.  Here  the 
saddle  enters  the  coal  strata  by  leaving  the  Red  Shale  at  the  head  of  the  cove,  between  the  main 
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mountain  and  its  spur,  and  traversing  a  table-land  of  the  Serai  conglomerate  between  this  cove 
and  the  Catawissa  Eoad.  This  table-land,  partly  anticlinal,  partly  synclinal,  contracts  Westward 
beyond  the  Catawissa  Koad  into  a  mere  mountain-spur,  along  the  S.  brow  of  which  now  runs  the 
anticlinal-line.  One  mile  W.  of  the  road,  the  broad  spur  becomes  a  narrow  ridge  of  symmetrical 
profile,  the  crest  of  which  droops  quite  rapidly  thence  to  the  forks  of  Shamokin  Creek.  This  end 
of  the  mountain  is  called  Mine  Eidge.  The  anticlinal  by  no  means  terminates  with  the  end  of 
the  ridge,  but  pursues  its  course  in  an  exceedingly  straight  line  for  many  miles  Westward. 
Passing  through  the  S.  edge  of  the  little  table-land  on  which  is  seated  the  village  of  Mount 
Carmel,  it  ceases  a  mile  further  to  elevate  any  ridge  at  all,  but  about  2  miles  to  the  Westward  of 
Mount  Carmel  it  again  makes  an  impression  on  the  surface,  holding  up  the  low  table-land  over 
which  the  Mount  Carmel  and  Shamokin  Eoad  passes,  and  which  here  begins  to  assume  the  name 
of  Green  Eidge.  The  axis  follows  the  summit  of  Green  Eidge  to  the  gap  through  which  the 
Shamokin  Creek  passes  North-westward,  exhibiting  there  a  fine  arching  of  the  coal  strata  ;  and 
holding  the  same  straight  course,  it  extends  along  one  of  the  crests  of  this  ridge  prolonged,  till  it 
crosses  Buck  (?)  Eun  about  1500  feet  S.  of  its  mouth,  at  the  bend  of  Shamokin  Creek,  beyond 
which,  in  the  same  line,  it  crosses  Gerhart's  Eun,  700  feet  above  its  mouth,  and  Mowray's  Eun,  some 
2900  feet  S.  of  its  junction  with  Carbon  Eun,  following  in  all  this  part  of  its  course  the  crest  of  the 
same  narrow  ridge.  The  Western  termination  of  this  anticlinal  is  in  the  high  ground  N.  of  the  crest 
of  IMahanoy  Mountain,  opposite  the  sources  of  Carbon  Eun.  By  the  slow  Northward  trend  of  the 
Mahanoy  Mountain,  this  anticlinal,  like  several  others  which  adjoin  it,  gradually  converges  towards 
that  ridge,  rising  and  flattening  itself  as  it  obliquely  approaches  the  crest  or  N.  flank  of  the  mountain. 
Opposite  the  vicinity  of  Locust  Gap,  this  Mount  Carmel  anticlinal  presents  its  greatest  depression, 
and  is  the  only  section  of  its  course  where  it  is  at  all  obscure  :  but  for  the  perfect  coincidence  in 
line  between  its  Eastern  and  Western  halves,  we  might  suspect  that  there  are  in  reality  two 
flexures — one  sinking  Westward  to  this  neighbourhood,  and  the  other  Eastward  from  the  flank 
of  the  Mahanoy  Mountain.  Future  mining  operations  will  probably  determine  the  question  of 
the  strict  continuity  of  the  two  portions  of  this  long  anticlinal  line.  The  fact  that  the  Locust 
Mountain  axis  undergoes  a  considerable  subsidence  of  level  in  this  vicinity,  seems  to  be  confir- 
matory of  the  view  here  presented  of  the  strict  continuity  of  the  Mount  Carmel  flexure. 

Strata  exposed  by  Denudation  along  this  Anticlinal. — From  the  head  of  the  cove  of  Eed 
Shale,  not  far  E.  of  the  Catawissa  Eoad,  to  a  point  about  1^  miles  W.  of  that  road,  the  different 
members  of  the  Serai  conglomerate  present  themselves  in  succession,  arching  over  the  anticlinal 
axis  as  it  very  slowly  sinks  towards  the  W.  At  the  point  where  the  last  uppermost  beds  of  the 
unproductive  conglomerate  hide  themselves,  and  the  Coal-measures  in  ascending  order  saddle 
the  axis,  the  anticlinal  crest  commences  to  fall  more  rapidly,  descending  in  the  next  mile  and  a 
half  to  the  point  of  Mine  Eidge.  The  most  Eastern  spot  at  which  clear  indications  of  coal  have 
been  discerned  by  us,  is  upon,  or  very  near,  the  crown  of  the  arch,  and  about  1^  miles  E.  of  this 
termination  of  the  ridge.  This  coal  appears  to  be  one  of  the  lowest ;  but  all  that  part  of  the 
coal  series  which  spans  the  anticlinal  near  the  end  of  the  ridge  has  been  explored  for  coal,  and 
three  beds  have  been  brought  to  light.  The  lowest  principal  bed  here  denuded  at  the  very  axis 
into  two  outcrops  is  probably  Coal  No.  VIIL  of  the  Shamokin  Basin  series.  It  has  a  thickness  at 
these  outcrops  of  13  and  16  feet.  A  higher  coal  is  exposed  at  Mount  Carmel,  just  S.  of  this 
axis  ;  but  from  Mount  Carmel  westward  for  more  than  3  miles,  we  know  at  present  extremely 
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little  of  the  coal-beds  which  arch  the  anticlinal  in  the  most  depressed  part  of  its  course.  Where 
Green  Ridge,  however,  begins  to  assume  some  elevation  S.  of  Quaker  Run,  the  strata  have  been 
successfully  explored  for  coal ;  and  about  1^  miles  E.  of  Green  Ridge  Gap,  the  large  coal,  No.  8 
of  the  series,  has  been  cut  from  off  the  summit  of  the  wave  into  two  outcrops.  At  the  arch 
in  Green  Ridge  Gap  (see  fig.  236),  the  generally  thick  Coal  No.  V.  ascends  above  the  water-level  to 
span  the  axis,  forming  a  curve  about  1100  feet  wide  at  its  base.  Buck  Ridge,  as  that  part  of  the 
hill  between  Green  Ridge  Gap  of  Shamokin  and  Buck  Run  is  called,  likewise  exposes  a  narrow  belt 
of  the  lower  Coal-measures,  between  two  outcrops  of  Coal  No.  VIII.  Westward  of  Buck  Run, 
the  anticlinal  slowly  rising  and  the  denudation  growing  upon  it  proportionately  less,  the  two  out- 
crops of  Coal  No.  VIII.  approach  each  other,  until  they  coalesce  again  a  little  E.  of  Gerhart's  Run. 
From  this  ravine  to  our  Cross  Section,  Westward  of  Shamokin  Gap,  the  axis  is  saddled  throughout 
by  very  nearly  the  same  division  of  the  Coal-measures — that  is  to  say,  Coal  No.  VIII.,  which  in 
some  places  overlaps  it,  and  in  others  is  denuded  into  two  contiguous  outcrops. 

To  assist  to  a  full  understanding  of  the  strata  exposed  along  this  extensive  line  of  flexure,  the 
reader  will  do  well  to  consult  our  sections  across  the  coal-field,  commencing  with  that  next  W. 
of  Ashland,  and  terminating  with  the  section  W.  of  Shamokin  Gap. 


Fig.  236. — Section  at  Green  Ridge  Gap. 


SYNCLINAL  VALLEY  OR  BASIN  NO.  7,  BEING  THAT  BETWEEN  THE  LOCUST  MOUNTAIN  AND 
MOUNT  CAEMEL  ANTICLINALS,  AND  HEEE  CALLED  THE  MOUNT  CAEIVIEL  BASIN. 

As  already  intimated,  this  long  valley  in  the  strata  is  connected  Eastward  with  the  Northern 
trough  of  the  general  Mahanoy  Basin,  by  the  subsidence  in  that  direction  of  the  anticlinal  of 
Locust  Mountain.  That  trough,  situated  on  the  S.  base  of  Big  Mountain,  and  limited  Southward 
by  the  Shenandoah  anticlinal,  or  No.  4,  has  its  E.  origin  at  the  N.  branch  of  the  Mahanoy ;  its 
greatest  breadth  N.  of  the  Shenandoah  stream  and  ridge ;  and  its  junction  Westward  with  this 
Mount  Carmel  Basin  in  the  vicinity  of  Big  Mine  Run.  There  it  forks,  by  the  rising-up  of  the 
axis  of  Locust  Mountain,  into  two  subordinate  troughs.  The  Northern  one,  following  the  base  of 
the  Big  Mountain,  which  presently  becomes  the  Shamokin  Mountain  as  we  pass  the  watershed 
between  the  Mahanoy  and  the  Shamokin  streams,  soon  takes  the  form  of  a  wide  symmetrical 
trough  between  the  wide  axis  of  the  Locust  Mountain  and  that  of  Mount  Carmel.  From  the 
Catawissa  Road,  where  the  Shamokin  and  Big  Mine  Run  of  Mahanoy  nearly  interlock,  the  bed 
of  the  valley  gradually  descends  Westward,  watered  by  the  Southernmost  branch  of  the  Shamo- 
kin as  far  as  the  gap  in  Jamie's  Ridge,  one-third  of  a  mile  E.  of  Mount  Carmel.  The  S.  branch 
of  Shamokin  Creek,  joined  by  the  middle  branch  at  the  point  of  Mine  Ridge,  and  flowing  for- 
ward half  a  mile  within  the  basin,  breaks  through  the  low  double  ridge  of  Mount  Carmel, 
Northward  ;  it  flows  along  the  N.  base  of  the  Northern  or  Jamie's  Ridge,  breaches  it  by  a  second 
gap  half  a  mile  Westward  of  Mount  Carmel,  and,  crossing  the  two  anticlinals,  enters  once  more 
the  Basin  No.  7,  which  we  are  describino-.  A  little  further  Westward,  the  N.  branch  of  Shamokin, 
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after  passing  througli  a  third  notch  in  Jamie's  Kidge,  and  thus  crossing  both  that  axis  and  the 
true  Mount  Carmel  one  S.  of  it,  likewise  falls  into  the  Shamokin  Creek  in  this  well-watered  basin. 
From  this  jDoint  the  main  Shamokin  stream  maintains  its  course  within  the  basin  for  several 
miles,  until,  being  opposed  by  the  rise  of  a  group  of  small  Western  anticlinals,  it  is  deflected 
Northward  so  as  to  pass  out  of  the  trough  through  the  picturesque  gap  of  Green  Ridge.  But  in 
this  middle  part  of  the  basin  several  mountain  tributaries,  the  chief  one  of  which  is  Locust  Run, 
entering  it  through  Locust  Gap,  contribute  to  swell  the  Shamokin  Creek,  and  to  irrigate  the 
surface  of  the  valley. 

The  configuration  of  this  basin  is  that  of  a  simple  synclinal  trough  the  whole  way  from  the 
Catawissa  Road  to  Mount  Carmel ;  but,  passing  the  latter  locality,  its  structure  becomes  more 
complex  through  the  introduction  of  fi.rst  one,  and,  further  Westward,  of  several  subordinate 
anticlinal  flexures,  the  influence  of  which  is  seen  in  the  increasing  variety  and  seeming  irregularity 
in  the  topographical  features  of  the  district,  as  we  trace  it  Westward  to  Buck  Run.  Viewed 
largely,  the  basin  presents  from  this  cause  three  divisions,  as  respects  its  structure  and  its  scenery  : 
an  Eastern  one,  a  simple  mountain-trough  watered  by  the  S.  branch  of  the  Shamokin  ;  a  middle 
one,  drained  by  the  main  Shamokin,  and  not  bounded  on  the  N.  by  any  well-defined  ridge  or 
creek,  but  by  a  low  and  irregular  table-land  ;  and  a  third  Western  one,  a  high-rolling  plateau 
leaning  against  the  Mahanoy  or  monoclinal  prolongation  of  Locust  Mountain,  and  rising  gradually 
Westward  to  merge  itself  into  it  as  part  of  its  long  Northern  slope, 

SUBORDINATE  ANTICLINAL  FLEXUEES  IN  THE  MOUNT  CARMEL  BASIN. 

Before  proceeding  to  a  statement  of  the  Coal-measures  actually  developed  and  inferred  to 
exist  in  the  difi"erent  parts  of  the  Mount  Carmel  Basin,  it  is  expedient  to  take  a  rapid  glance  at 
the  subordinate  flexures  which  undulate  its  bed. 

Anticlinal  a  of  Basin  7. — Commencing  with  the  most  Eastern  subordinate  axis,  and  referring 
to  the  Map  to  convey  an  exact  conception  of  its  position,  I  may  describe  it  as  originating  on  the 
E.  at  the  foot  of  Mount  Carmel  somewhere  near  our  section,  for  no  vestio-e  of  this  flexure  is  to 
be  seen  on  the  centre  turnpike.  Passing  about  1000  feet  S.  of  the  mouth  of  the  North  Branch 
of  the  Shamokin,  its  structure  is  best  exposed  in  this  neighbourhood,  where  it  crosses  the  Shamokin 
Road,  and  afterwards  the  Shamokin  Creek,  about  1200  feet  N.  of  Locust  Run.  Enterino-  the 
wide  low  table-land  of  Green  Ridge,  it  disappears  as  a  mere  low  wave  in  the  strata.  Every- 
where throughout  its  course  this  is  a  very  flat  or  gentle  flexure,  and  its  influence,  therefore,  in 
lifting  out  the  Coal-measures,  is  comparatively  unimportant.  It  is  the  principal  cause,  however, 
of  the  broad  high  plain  which  spreads  N.  from  the  foot  of  Locust  Mountain  nearly  to  the 
Shamokin  Creek,  and  over  which  passes  the  Minersville  Road. 

The  lowest  coal-bed  lifted  to  the  surface  anywhere  along  the  course  of  this  anticlinal,  seems 
to  be  that  which  the  Coal  Mountain  Company  is  now  mining  near  the  axis,  and  which  I  am 
disposed  to  regard  as  Coal  No.  9  of  the  Shamokin  Series.  This  seam  is  about  6  feet  thick,  and 
comprises  three  or  four  benches  of  coarse  hard  bird's-eye  coal  ;  this  is  at  the  Old  Orchard 
drift. 

Anticlinal  b  of  Basiii  1. — Next  in  order  among  the  subordinate  anticlinals  of  the  basin  is  one 
which  seems  to  originate  some  distance  W.  of  the  Western  termination  of  the  preceding,  and  a 
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little  S.  of  its  line  of  bearing.  It  commences,  that  is  to  say,  N.  of  the  Shamokin  Creek,  on  the 
S.  side  of  the  table-land  of  Green  Eidge,  and  crossing  the  Shamokin  near  the  concave  bend  above 
the  mouth  of  Wackle's  Eun,  it  passes  through  the  N.  side  of  the  point  of  Buck  Ridge,  the  main 
crest  of  which  it  then  follows  as  far  as  Buck  Run.  Here  the  flexure,  marked  by  a  steep  S.  dip 
and  a  very  gentle  N.  one,  is  still  discernible  ;  but  how  far  beyond  this  stream  it  prolongs  itself, 
we  are  unable,  in  the  obscure  condition  of  the  surface,  and  the  absence  of  mine-openings,  to 
determine.  It  would  seem,  however,  not  to  reach  our  section  E  of  Gerhart's  Eun.  This  anti- 
clinal, in  the  middle  part  of  its  range,  or  from  the  end  of  Buck  Eidge  to  Buck  Eun,  appears  to 
be  a  flexure  of  considerable  steepness,  especially  as  respects  its  S.  side, — a  fact  which  is  distinctly 
expressed  in  the  topography  of  the  belt  of  country  traversed  by  it.  Its  N.  dips  are  very  gentle 
in  consequence  of  the  contiguity  of  a  flat  anticlinal  to  the  N.  of  it. 

Of  the  coal-beds  elevated  to  the  surface  along  this  anticlinal  we  know  but  little,  except  near 
the  E.  end  of  Buck  Eidge  and  at  Buck  Eun.  Nowhere  does  it  seem  to  expose  to  view  the  large 
coal.  No.  VIII.,  but  throughout  its  length  it  is  saddled  by  the  group  included  between  that  coal 
and  No.  XII.  or  XIII.  Coal  XII.  has  been  opened  by  shafting  just  at  the  axis  on  the  N.  slope 
of  the  point  of  Buck  Ridge,  and  one  or  two  beds  between  that  seam  and  Coal  VIII.  are  accessible 
at  the  passage  of  the  axis  across  Buck  Run. 

Anticlinal  c  of  Basin  7. — There  is  a  small  flexure  developed  by  shafting  very  near  the  Mahanoy 
Mountain,  on  the  cross  section  at  the  sources  of  Gerhart's  Run.  In  position  it  seems  to  lie 
somewhat  to  the  S.  of  the  course  of  axis  b  of  Basin  7.  This  short  flexure  originates  apparently 
somewhere  near  the  Shamokin  and  Mahanoy  Road,  and,  running  W.  obliquely  towards  the  crest 
of  the  mountain,  dies  away  high  on  its  flank  opposite  Mowray's  Run.  The  coals  which  it  arches 
are  those  immediately  above  the  large  seam,  No.  VIIL 

Anticlinal  D  of  Basin  7. — Just  W.  of  the  passage  of  Shamokin  Creek,  across  the  end  of  Buck 
Ridge,  and  through  Green  Ridge,  we  detect  another  anticlinal  flexure  on  the  N.  flank  of  Buck 
Ridge.  Whether  this  axis  exists  at  all  in  Green  Ridge,  or  to  the  E.  of  the  Shamokin  Creek,  is 
at  present  a  matter  of  doubt,  but  the  topography  of  that  table-land  does  not  intimate  its 
presence.  It  is  a  flexure  of  considerable  length,  and  of  remarkable  parallelism  with  the  axis  of 
Buck  Ridge,  and  indeed  with  all  the  subordinate  flexures  of  the  Western  division  of  Basin  7. 
It  is  not  more  than  600  feet  distant  from  the  main  Buck  Ridge  anticlinal,  or  axis  b,  both  at  the 
end  of  the  ridge,  and  on  Buck  Run  ;  and  on  the  section  at  Gerhart's  Run,  it  is  distant  from 
axis  c  about  1000  feet.  In  its  Eastern  portion  it  is  a  wave  upon  the  N.  flank  of  Buck  Ridge  ; 
in  its  Western,  an  undulation  on  the  long  slope  of  the  Mahanoy  Mountain. 

There  is  a  very  feeble  flexure  of  the  strata  from  700  to  1000  feet  N.  of  the  crest  of  the 
mountain,  or  from  400  to  700  feet  S.  of  axis  e,  indicated  on  the  local  cross-section  of  the  Scott 
and  Hunter  tracts,  and  this  is  probably  the  W.  prolongation  of  the  anticlinal  d. 

Coals  exposed  along  Axis  d  of  Basin  7. — Near  the  end  of  Buck  Ridge,  Coal  No.  XII.,  or  the 
same  seam  which  saddles  the  anticlinal  b  in  that  neighbourhood,  arches  over  this  flexure,  and 
separates,  going  Westward,  into  two  outcrojis.  In  like  manner,  as  we  advance  along  the  anticlinal, 
after  once  attaining  the  summit-level  between  the  Shamokin  and  Buck  Run,  and  especially  as  we 
descend  into  the  ravine  of  Buck  Run,  lower  and  lower  coals  are  exposed  by  the  W.  ascent  of 
the  axis,  and  by  denudation,  until  near  the  bed  of  that  ravine  the  large  coal.  No.  VIIL,  is 
accessible  on  both  its  dips  above  the  water-level.  Passing  Buck  Run,  the  next  higher  coals  lap 
over  the  anticlinal,  and  even  when  we  reach  the  section  at  the  head  of  Gerhart's  Run,  only  the 
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covering  rocks  of  Coal  VIII.  are  at  the  surface,  the  coal  itself  not  cropping  out.  Here  the  S.  dip 
of  the  saddle  being  extremely  gentle,  we  have  an  intimation  that  the  axis  is  almost  exhausted, 
and  that,  after  forming  for  a  short  distance  a  belt  of  horizontal  measures,  it  vanishes  altogether, 
and  leaves  its  space  occupied  by  only  N.  dips.  In  the  central  part  of  its  range,  or  where  it 
crosses  Buck  Eun,  the  N.  limb  of  this  arch  becomes  extremely  steep. 

Anticlinal  e  of  Basin  7. — The  fifth  and  last-recognised  anticlinal  of  the  Mount  Carmel  Basin 
is,  Hke  the  preceding,  confined  to  its  Western  division,  or  that  beyond  the  Green  Eidge  Gap. 
Originating  on  the  N.  slope  of  Buck  Eidge  east  of  Buck  Eun,  it  crosses  this  stream  above  its 
forks,  and,  ranging  parallel  with  the  others,  runs  on  to  the  tributaries  of  Buck  Eun,  which  it 
likewise  crosses  as  it  rises  obliquely  past  the  head  of  Mowray's  Eun  into  the  sloping  flank  of  the 
Mahanoy  Mountain,  where  it  disappears.  Both  on  Buck  Eun  and  Gerhart's  Eun  the  N.  side  of 
this  flexure  is  very  steep  ;  but  at  the  more  W.  of  these  localities  its  S.  dips,  also  steep  at  Buck 
Eun,  have  become  very  gentle.  This  marks  a  near  approach  to  the  final  termination  of  the 
flexure,  the  manner  of  its  disappearance  being  evidently  analogous  to  that  of  anticlinal  D  next 
S.  of  it. 

Coals  exposed  on  Axis  e  of  Basin  7. — At  Buck  Eun  the  anticlinal  e  exposes  both  dips  of  Coal 
No.  X.  immediately  at  the  axis,  a  little  above  the  water-level  of  the  ravine ;  but  E.  and  W.  of 
the  stream,  where  the  denudation  has  been  less,  the  next  higher  coals  seem  to  lap  over  the  arch ; 
even  on  the  cross  section  at  Gerhart's  Eun,  a  coal,  apparently  the  same,  has  been  shafted  just  at 
the  axis  on  a  N.  dip  ;  and  it  is  not  until  we  reach  a  point  opposite  Mowray's  Eun  that  it  appears 
to  bring  up  Coal  VIII.  StiU  further  W.,  for  the  anticlinal  is  a  long  one,  it  exposes  at  the  cross 
section  of  the  Scott  Tract,  and  probably  at  a  cross  section  a  little  AV.  of  this,  the  still  lower  coal, 
No.  VII. ;  here  the  flexure  is  within  1200  feet  of  the  crest  of  the  mountain,  and  its  S.  dips  are 
very  feeble,  showing  that  it  is  almost  gone. 

Anticlinal  f  of  Basin  7. — We  come  now  to  the  last  of  the  W.  group  of  anticlinals  included 
within  the  basin  bounded  by  the  main  axis  No.  7.  It  is  seemingly  a  short  and  feeble  undulation  of 
the  strata,  not  recognisable  as  far  E.  as  Gerhart's  Eun,  and  not  developed  on  Mowray's  Eun,  if 
indeed  it  exists  there.  Our  knowledge  of  it  is  confined  to  the  developments  made  by  shafting 
on  the  local  section  of  the  Scott  and  Hunter  tracts. 

Coals  on  Axis  r,  Basin  7. — The  lowest  coal  exposed  to  view  near  this  axis  is  Coal  V., 
showing  that  this  is  a  flexure  of  considerable  lifting  power,  or,  in  other  words,  that  it  is  here 
rising  rapidly  to  the  Westward. 

OF  THE  SEVEEAL  SUBOEDINATE  BASINS  EMBRACED  IN  BASIN  NO.  7,  OR  THAT  OF 
MOUNT  CARMEL,  AND  OF  THE  COALS  CONTAINED  IN  THEM. 

Proceeding  now  to  the  consideration  of  the  subdivisions  of  the  Mou'nt  Carmel  Basin,  or  those 
lesser  synclinal  flexures  into  which  it  is  separated  by  the  anticlinals  just  above  described,  and  to 
the  Coal-measures  which  have  been  preserved  from  denudation  in  them,  and  commencing  as 
usual  at  the  E.  end,  we  have  to  note  their  positions  and  contents  as  follows  : — 

Basin  a  of  Basin  7. — Designating  the  E.  division  of  the  general  basin  No.  7,  or  that  watered 
by  the  South  Branch  of  the  Shamokin,  as  basin  a,  we  will  here  recall  attention  to  what  has  been 
already  said  respecting  the  simplicity  of  its  synclinal  structure.  Bounded  on  the  S.  by  the  axis 
of  Locust  Mountain,  which  exposes  throughout  nearly  the  entire  length  of  this  trough  the  con- 
glomerates below  the  coal-seams,  the  S.  border  of  the  Coal-measures  within  this  trough  is  usually 
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from  500  to  800  feet  below  the  crest  of  that  mountain.  The  only  exception  to  this  state  of  things 
is  W.  and  E.  of  the  Catawissa  Eoad,  where  the  lower  Coal-measures  themselves  saddle  South- 
ward over  the  axis,  to  pass  uninterruptedly  into  the  N.  basin  of  the  Mahanoy.  From  the  vicinity, 
of  the  Catawissa  Eoad  westward  along  the  flank  of  Locust  Mountain  the  limit  of  productive  coal 
gradually  gets  lower  on  the  mountain  as  far  as  the  centre  turnpike,  beyond  which  it  as  slowly  climbs 
its  slope  again  towards  the  Locust  Gap.  On  the  opposite  side  of  the  basin,  the  true  coal-bearing 
rocks  ascend  to  within  a  few  hundred  feet  of  the  crest  of  the  Mine  Ridge  Spur  of  the  Big 
or  the  Shamokin  Mountain,  as  we  may  here  indifferently  designate  the  high  plateau  traversed  by 
the  Catawissa  Road.  The  gradual  sinking  of  this  anticlinal  Westward  causes  the  boundary  of 
the  coal  to  approach  the  crest,  and  finally  to  cross  it  at  a  point  once  before  indicated  as  that  of 
the  disappearance  of  the  conglomerate  on  the  back  of  this  broad  saddle.  This  point  is  rather  mora 
than  1^  miles  W.  of  the  Catawissa  Road.  From  thence  to  the  point  of  the  ridge  at  the  fork  of 
the  South  Branch  of  Shamokin,  higher  and  higher  Coal-measures  come  in  along  the  N.  edge  of 
the  basin,  until  the  large  vein  No.  VIIL  there  shows  itself ;  and  with  the  progressive  subsidence 
of  the  axis,  a  considerably  higher  coal  occupies  a  like  position  at  the  turnpike  at  Mount  Carmel. 
It  is  obvious,  then,  that  whereas  only  the  lowest  part  of  the  White- Ash  coal  series  has  been  retained 
within  the  trough  in  the  vicinity  of  the  Catawissa  Road,  a  much  more  elevated  portion  of  the 
Coal-measures  remains  in  the  W.  end  of  this  division  of  the  coal-field  in  the  neighbourhood  of 
Mount  Carmel.  There,  indeed,  the  upper  coals  pertain  apparently  to  the  Grey-Ash  group,  or  the 
bottom  of  the  Red- Ash  group  ;  and  supposing  the  entire  series  of  the  Shamokin  coal  series  in 
existence  thus  far  towards  the  E.,  at  a  point  not  positively  established,  there  must  lie  within 
the  centre  of  the  trough  in  this  neighbourhood  not  less  than  thirteen  or  fourteen  separate 
coal-beds. 

Basin  h  of  Basin  7. — The  introduction  of  the  low  subordinate  anticlinals  or  saddles  a  and  h  to 
the  S.W.  of  Mount  Carmel,  divides  the  general  basin  No.  7  into  two  lesser  troughs.  The  more  S., 
and  much  the  most  caj)acious  of  these,  situated  along  the  foot  of  the  Locust  Mountain,  and  pro- 
longed into  the  flank  of  the  Mahanoy  Ridge,  we  designate  as  basin  h  of  Basin  7,  while  that  N.  of 
the  two  saddles,  ranging  for  the  chief  part  of  its  length  through  the  plateau  of  Green  Ridge,  we 
may  entitle  basin  c. 

The  branch  basin  h,  traversed  in  the  middle  part  of  its  course  by  the  Shamokin  Creek,  and 
there  bounded  on  the  N.  by  Green  Ridge,  commences  more  than  one  mile  E.  of  Locust  Gap,  and 
ends  apparently  W.  of  Buck  Run,  probably  at  the  head  of  Gerhart's  Run. 

Coals  inBasinh  of  Basin  7. — Throughout  nearly  its  entire  length,  from  opposite  the  North  Branch 
of  Shamokin  to  the  head  of  Buck  Run,  this  fine  trough  of  the  Coal-measures  contains  all,  or 
nearly  all,  the  coal-seams  embraced  between  the  bottom  of  the  series  and  the  Grey-Ash  group. 
Even  E.  of  Locust  Run,  it  probably  holds  relatively  narrow  tracts  of  the  Tenth,  and  even  the 
Twelfth  beds  ;  and  in  its  more  central  districts,  probably  the  Grey-Ash  coals  themselves,  or  about 
No.  XIV.  This  last  statement  is  rendered  probable  by  om-  finding  Coal  XII.  sadelling  the  axis 
of  Buck  Ridge  near  the  E.  end  of  that  hill.  Even  as  far  Westward  as  the  head  of  Buck  Run,  we 
find  what  is  probably  Coal  XL  near  the  centre  of  this  basin,  and  No.  X.  itself  has  been  shafted  in 
the  same  central  line  of  the  trough  on  the  section  just  E.  of  Gerhart's  Run.  The  statements 
abeady  made  respecting  the  coals  brought  to  view  along  the  two  saddles  a  and  h,  will  suflice  to 
indicate  the  lowest  which  have  their  outcrop  along  its  N.  margin.  It  is  along  its  S.  border,  or 
in  the  terraces  of  the  Locust  and  the  ]\Iahanoy  ridges,  that  the  lowest  coal-beds  basining  within 
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this  trough  have  their  outcrops  at  the  surface.  There  they  may  be  mined  by  slopes,  and  in  some 
of  the  more  favourable  ravines  by  drifts,  endwise  into  the  mountain,  but  along  the  central  or 
synclinal  portion  of  the  valley  they  will  be  best  reached  by  perpendicular  pits 
or  mine-shafts. 

On  both  sides  of  Locust  Gap,  Coal  VIII.,  or  the  Mammoth  Seam,  is  now 
mined.  On  the  E.  side  it  presents  the  dimensions  and  divisions  shown  in 
the  cut. 

Basin  c  of  Basin  7. — The  Northern  of  the  two  branch  basins  of  Basin  7  com- 
mencino;  near  Mount  Carmel,  and  bounded  by  the  saddles  a  and  b,  receives    fig  237. -Connor's 

O  •'  Blammoth  Coal, 

for  the  first  2  miles  the  drainage  of  Shamokin  Creek,  till  this  stream  is  deflected  locust  Kun. 
by  the  E.  end  of  Green  Kidge  into  basin  h  South  of  it.  From  this  point  of  passage  of  the 
Shamokin  to  its  place  of  return  Northward  through  Green  Ridge,  the  basin  lies  entirely  in 
the  broad  flat  low  table-land  forming  the  E.  end  of  the  ridge — this  table-land  being  the  resultj 
in  fact,  of  the  anticlinals  of  Buck  Ridge,  and  of  Green  Ridge  or  saddle  h,  and  the  main  axis 
No.  7.  To  the  W.  of  the  Green  Ridge  Gap  the  trough  soon  terminates  as  a  simple  synclinal, 
by  the  introduction  of  the  anticlinal  flexures  d  and  e  ;  and  indeed  it  is  not  expedient  to  regard 
it  as  a  simple  basin  W.  of  the  passage  of  the  Shamokin  through  the  ridges. 

Coal-beds  preserved  in  Basin  c. — Coal  X.  appears  to  be  the  highest  bed  yet  developed  or 
likely  to  be  found  in  that  part  of  basin  c  which  is  occupied  by  the  Shamokin  Creek,  though 
Eastward  of  the  commencement  of  the  trough,  or  near  Mount  Carmel,  higher  beds,  as  I  have 
already  shown,  lie  in  the  same  belt  of  ground.  The  insertion  of  the  saddle  a  evidently  renders 
this  basin  more  shallow  than  the  wider  one  E.  of  it.  The  W,  division  of  the  trough,  or  that 
occupying  the  table-land  of  Green  Ridge,  possesses  probably  about  the  same  portion  of  the  coal 
series  until  we  approach  the  Green  Ridge  Gap,  where  Coal  VIII.,  lifted  by  the  Westward  rise  of 
the  main  anticlinal  No.  7,  occupies  the  Northern  half  of  this  trough.  It  is  probable  that  coals  as 
high  as  the  twelfth  of  the  series  find  a  place  in  the  basin  along  the  S.  side  of  Green  Ridge, 
for  there  both  the  anticlinals  A  and  b  are  either  much  depressed  or  altogether  absent. 


OF  THE   NAEEOW  TROUGHS  IN  BASIN  No.  7,  W.  OF  GREEN  RIDGE  GAP. 

It  will  be  seen,  upon  inspecting  the  Map  and  Sections,  that  between  the  main  axis  No.  7  and 
the  more  local  anticlinal  b,  the  three  subordinate  saddles  d,  e,  and  F  form,  with  these  others,  four 
parallel  narrow  synclinals  in  the  prolongation  of  basin  c,  which  we  have  been  just  describing. 
Having  already  indicated  explicitly  the  several  coals  denuded  at  the  axes  of  these  anticlinals,  it 
is  unnecessary  to  mention  in  detail  what  highest  coals  are  preserved  within  these  four  respec- 
tive troughs.  It  will  be  sufficient  to  call  attention  to  the  sections  which  cross  them,  and  to 
the  general  fact  that  the  coal-beds  IX.,  X.,  and  even  XL  and  XII.  in  the  higher  grounds,  are 
procurable  in  the  less  denuded  portions  of  these  basins  between  the  Green  Ridge  Gap  and 
Gerhart's  Run  ;  while  AV.  of  this  stream,  Coal  VIII.,  and  even  yet  lower  coals,  are  generally 
the  highest  retained  beds. 

SHAMOKIN  BASIN. 

At  the  date  of  our  last  visit  to  the  mines  of  the  Shamokin  Basin  (September  1854),  the 
following  Coal  Companies  were  in  operation  in  the  vicinity  of  Mount  Carmel  and  Shamokin  : — 
Coal-Run  Improvement  and  Railroad  Company. — A  tunnel  was  driven  Northward  across  the 
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measures  into  the  South-dipping  rocks  of  Eed  Ridge  from  a  point  N.E.  of  Mount  Carmel ;  at  34 
feet  from  the  mouth,  it  cut  a  coal  measuring  from  6  to  9  feet,  of  good  quahty.  This  bed  has 
not  much  surface  above  it,  and  the  tunnel  was  continued  to  a  distance  of  122  feet,  where  a 
thin  seam  of  1  foot  was  cut.  Beyond  this,  larger  coals  are  to  be  met,  which  the  tunnel  had 
not  reached. 

Locust  Mountain  Coal  and  Iron  Company. — This  Company  at  the  same  date  were  driving 
a  tunnel  Northward  into  Eed  Ridge,  farther  Eastward  and  50  feet  higher  than  the  Coal-Rim 
Company's.  The  first  coal  met  in  this  tunnel  was  struck  at  a  distance  of  233  feet ;  it 
measured  2  or  3  feet.  A  slaty  seam  1  foot  thick  was  met  51  feet  farther  in,  and  at  the  end  of 
the  tunnel,  318  feet  from  the  mouth  and  34  feet  from  the  slaty  coal,  a  seam  corresponding  to  the 
9 -feet  bed  cut  near  the  mouth  of  the  Coal-Run  Company's  Tunnel  was  passed  through.  It  was 
proposed  to  push  forward  120  yards  more  where  the  large  seam.  Coal  VIIL,  would  be  met. 
Before  reaching  it,  two  smaller  coals  would  be  passed  :  the  upper  bed  measures  4  or  5  feet  at  the 
outcrop  ;  the  lower  9  feet,  though  it  is  generally  much  thicker.  The  large  bed  will  have  a  breast 
of  240  feet,  at  a  dip  of  50°  or  60°. 

On  the  line  of  our  Section  south  of  the  above  collieries,  and  on  the  N.  side  of  Little  Mine 
Ridge,  a  fine  bed  of  coal  overlying  Coal  VIIL  is  mined  by  Mr  Eckel  on  a  steep  N.  dip.  Its 
thickness  and  subdivisions  are  annexed  : — 


Feet.  Inches. 

Coal,        .         .          .         .         .         .         .         .    3  to  4  0 

Slate,       ........          0  6 

Coal,  6  0 

Slate,       .          .          .          .         .         .          .         .         0  6 

Coal,        ........          4  5 


The  gangways  are  driven  Eastward.  The  coal  below,  or  No.  VIIL  of  the  Shamokin  series, 
is  mined  in  the  same  neighbourhood.    Its  subdivisions  are  as  follows  : — 

Feet.  Inches. 

1  6 

3  0 

0  6 

4  3 

1  6 

2  6 

This  coal  has  been  opened  on  gentle  S.  dips  on  the  S.  side  of  Little  Mine  Ridge,  and  both  of 
the  beds  have  been  proved  yet  further  Southward  on  the  N.  dips  of  Locust  Mountain,  where 
their  dimensions  are  large. 

The  Coal  Mountain  Coal  Company  are  working  two  mine-drifts  in  the  gap  of  Jamie's 
Ridge,  W.  of  Mount  Carmel.  The  Southern  gangway  enters  a  South-dipping  bed  of  coal.  Its 
thickness  between  top  and  bottom  slates  is  10-^  feet,  including  7  feet  of  workable  coal.  Not 
over  50  yards  N.  of  this  a  6-feet  bed  of  coal  is  entered.  The  dip  is  60".  The  two  openings 
are  probably  on  the  same  seam.  E.  of  Jamie's  Ridge  Gap  the  "  Old  Orchard  Drift "  enters  upon 
a  6-feet  bed  of  coal,  dipping  5°  N.  The  coal  is  divided  into  three  or  four  benches,  and  exhibits 
a  hard  coarse  bird's-eye  variety. 

The  Green  Ridge  Coal  Company  have  coal  opened  on  both  flanks  of  two  anticlinals — that  of 
Jamie's  Ridge  on  the  S.,  and  Red  Ridge  on  the  N. 


Fig.  238.— Eckel's  Coal 
VIIL,  near  Mount 
Carmel. 


Coal,  good, 
Coal,  . 
Coal,  bony. 
Coal,  . 

Slate  and  bony  coal, 
Coal,  rouffh. 


EED  EIDGE. 
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No.  1  drift-mine  enters  upon  a  coal  dipping  45°  S.  on  Jamie's  Ridge  ;  the  coal  measures 
9  feet  in  four  benches  ;  the  top  bench,  4  or  5  feet  thick,  is  the  best.  No.  2  mine,  on  the  N.  dips 
of  the  same  axis,  enters  a  coal  10  or  11  feet  thick.  The  dip  is  56°.  This  coal,  and  that  of 
No.  1  drift,  are  no  doubt  the  same.  Over  it  several  smaller  coals  are  found.  The  lowermost 
measures  2  feet,  a  second  4  feet,  and  a  third  is  not  fairly  proved.  No.  3  gangway  belongs  to 
a  bed  dipping  15°  or  20°  S.  from  Red  Ridge  anticlinal.  This  seam  is  estimated  to  contain  16 
or  1 7  feet  of  coal  in  five  or  six  benches,  of  which  the  upper  two  and  the  lower  are  the  best.  Its 
ash  is  a  light  gi'ey.  The  coal  in  No.  4  mine  dips  from  45°  to  50°  N.  It  is  13  ^^^^ 
feet  thick,  divided  into  several  benches  by  partings  of  slate.  From  this  mine  3 »  BSS 
1 1  feet  of  coal  are  workable.    The  arch  of  Red  Ridge  anticlinal  is  finely  exposed 

°  1  YiG.  239.— No.  1  Mine, 

between  NOS.  3  and  4  drifts.  Lancaster  Collieiy. 

In  Locust  Gap,  S.  of  the  Green  Ridge  Company's  mines,  several  fine  seams  of  coal  have 
been  proved,  and  extensive  collieries  are  about  going  into  operation.  ^ 

The  Lancaster  Colliery  is  situated  near  the  end  of  Coal  Run  Ridge.    '  ^^^^^S.o  6-2  0 
Annexed  are  Sections  of  the  coal-seams  of  Mines  No.  1  and  No.  2  of  this    *'^  H||Ph 

colliery.  Fkj  240.— No.  2  Mine, 

A  nticlinal  No.  8,  or  that  of  Red  Ridge.— The  next  high  leading  anticlinal  Lancaster  coiiiery 
of  the  coal-field  N.  of  No.  7,  or  that  of  Mount  Carmel,  is  that  of  Red  Ridge.  This  is  actually 
traceable  continuously  no  further  than  a  little  W.  of  the  North  Branch  of  Shamokin  Creek,  but 
as  an  axis  exists  almost  precisely  in  the  same  line,  about  2  miles  further  W.,  near  Hornberger's, 
and  the  topographical  features  of  the  intervening  ground  are  indicative  of  such  a  flexure,  we  can 
hardly  hesitate  to  consider  them  as  the  same,  and  thus  to  extend  the  axis  nearly  to  the  valley  of 
Shamokin  Creek.  But  there  occurs  another  anticlinal  almost  strictly  in  the  same  prolongation, 
ranging  through  the  hiU  N.  of  the  Shamokin  Creek,  and  crossing  the  valley  of  that  stream  about 
2000  feet  N.  of  the  mouth  of  Buck  Run  ;  and  though  I  would  by  no  means  maintain,  in  the 
present  imperfectly  opened  condition  of  the  country,  that  this  is  a  still  further  extension  of  the 
same  axis,  I  deem  it  highly  probable  that  it  is  a  part  of  it.  Possibly  these  two  sections  of  the 
anticlinal  W.  of  the  North  Branch  of  Shamokin  may  not  be  in  exact  line  with  each  other  and 
vdth.  the  axis  of  Red  Ridge,  yet  they  lie  so  nearly  in  one  range,  and  belong  so  strictly  to  the 
same  belt  of  strata,  that  we  cannot  go  far  wrong  for  either  scientific  or  practical  deductions,  if 
we  view  them  as  one  continuous  flexure.  Adopting  this  enlarged  notion  of  the  anticlinal,  it  is 
one  of  the  most  important  in  the  Shamokin  coal-field,  for  it  enters  it  at  its  Eastern  end,  issuing 
from  the  Northern  of  the  two  coves  of  Umbral  Red  Shale,  or  that  embraced  between  the  two 
Eastern  spurs  of  the  Shamokin  Mountain  ;  and  ranging  across  the  table-land  of  the  Catawissa 
Road,  and  along  the  narrow  crest  of  Red  Ridge  to  its  termination,  it  does  not  cease  until  it 
reaches  the  valley  of  Carbon  Run. 

This  anticlinal  flexure  is  of  the  normal  type,  like  the  other  main  ones  which  accompany  it — 
that  is  to  say,  neither  side  of  the  curve  is  inverted.  That  portion  of  it  which  constitutes  Red 
Ridge  exhibits,  like  the  anticlinal  of  Locust  Mountain,  a  generally  steeper  S.  than  N.  dip,  neither 
inclination  in  Red  Ridge  exceediug,  except  in  a  few  places,  45°.  At  the  W.  point  of  Red  Ridge, 
and  again  near  Little  Quaker  Run,  and  stiU  further  W.,  where  it  crosses  the  Shamokin  S.  of  the 
furnace,  the  N.  slope  of  the  wave  is  in  each  instance  a  little  steeper  than  the  S.  An  additional 
fact  connected  with  this  anticlinal  is  the  progressive  steepening  of  the  flexure  as  it  prolongs  itself 
"Westward  ;  for  while,  in  its  Eastern  half,  its  dips,  as  stated,  seldom  surpass  45°,  those  which  it 
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exhibits  where  it  crosses  the  Shamokin  Valley  south  of  the  town  of  Shamokin,  are  as  steep  as  60°  on 
the  S.  side,  and  70°  on  the  N.  side  of  the  axis.  This  pinching-up  of  the  wave,  as  it  were,  is  by  no 
means  an  uncommon  feature  in  our  anticlinals.  In  the  present  instance  it  appears  to  be  con- 
nected with  the  unusual  multiplication  of  flexures  in  that  part  of  the  basin  which  lies  opposite 
Shamokin,  a  multiplication  which  suggests  an  unusual  amount  of  inward  compression  of  the 
two  boundaries  of  the  basin,  produced  probably  at  the  elevation  of  the  great  external  anticlinal 
waves,  between  which  the  whole  coal-field  lies  as  one  corrugated  or  wrinkled  trough.  The  true 
Western  termination  of  this  axis  I  have  not  been  able  to  ascertain,  but  it  is  probably  somewhere 
near  the  sources  of  Carbon  Eun. 

COAL-MEASUEES  EXPOSED  BY  DENUDATION  ALONG  ANTICLINAL  No.  8, 

OE  THAT  OF  EED  EIDGE. 

At  the  passage  of  the  Ashland  and  Catawissa  Eoad  across  the  Red  Ridge  anticlinal,  the  only 
rocks  exposed  for  a  distance  of  many  hundred  feet  are  the  middle  and  upper  beds  of  the  Serai  con- 
glomerate, and  we  encounter  on  the  axis  the  upper  beds  of  the  Umbral  Red  Shale  ;  but  a  short 
distance — perhaps  not  a  third  of  a  mile — to  the  E.  of  this  road,  the  anticlinal,  which  is  here  by 
no  means  steeply  arched,  by  slowly  subsiding  Westward,  allows  the  two  margins  of  the  lower 
Coal-measures,  which  it  separates,  to  encroach  gradually  upon  it  as  it  sinks,  until  at  a  distance  of 
about  a  mile  W.  of  the  Catawissa  Road  these  outcrops  unite,  and  thence  forward  to  the  termination 
of  Red  Ridge,  and  indeed  to  the  Western  cessation  of  the  axis  itself,  it  is  saddled  only  by  pro- 
ductive Coal-measures.  At  first  the  crest  of  Red  Ridge  is  overlapped  only  by  the  lowest  of  the 
workable  coal-seams,  but  near  its  point,  where  the  North  Branch  of  the  Shamokin  cuts  through 
it,  the  large  coal-seam  No.  8,  which  may  be  viewed  as  in  the  middle  of  the  AVhite-Ash  series, 
presents  its  two  outcrops  closely  approaching  each  other,  and  within  1000  feet  or  so  W.  of  the 
gap  :  these  outcrops  run  together,  and  this,  and  even  higher  beds,  from  that  point  forward  bend 
over  the  axis  without  being  cut  or  denuded.  Between  the  mouth  of  Cedar  Run  and  Little 
Quaker  Run,  or  the  mouth  of  Big  Quaker  Run  itself,  much  obscurity  prevails  respecting  the 
coals  brought  to  the  surface  along  the  anticlinal ;  we  only  know  that  they  must  be  high  in  the 
series.  That  part  of  the  axis  which  crosses  Shamokin  Creek  exposes,  near  the  water-level  of  the 
stream,  coals  w^hich  our  Section  shows  must  be  about  the  thirteenth  or  fourteenth  of  the  series, 
or  those  next  above  the  White- Ash  group,  and  it  is  obvious  that  somewhat  higher  beds  prevail 
along  the  ridge  through  which  the  axis  passes.  The  present  state  of  the  district  does  not  enable 
us  to  be  more  specific. 

Basin  No.  8,  or  that  included  between  Anticli7ials  No.  7  and  No.  8. — The  long  narrow 
trough  or  basin  embraced  between  the  Mine  Ridge  or  Mount  Carmel  anticlinal  axis,  and  the 
similar  axis  of  Red  Ridge  and  its  prolongation  on  the  N.,  though  quite  as  long  as  the  basin  S.  of 
it,  is  both  narrower  and  of  less  complexity.  It  contains,  as  far  as  we  know,  only  four  subordinate 
anticlinals,  one  of  them  in  its  Eastern  half,  and  three  in  its  Western.  Before  proceeding  to  the 
distribution  of  the  coal  in  the  basin,  it  is  essential  to  describe  these  anticlinals  and  their  efiects 
on  the  strata. 

Anticlinal  a  of  Basin  8,  or  Axis  of  Jamie's  Ridge. — This  anticlinal  seems  to  rise  near  the  point 
of  Mine  Ridge,  and  to  diverge  Northward  from  the  Mount  Carmel  axis  at  a  very  acute  angle, 
and  follow  the  crest  of  Jamie's  Ridge.  It  holds  up  the  N.  edge  of  the  plateau  of  the  village  of 
Mount  Carmel,  as  the  Mount  Carmel  axis  does  the  Southern.    Crossed  by  the  South  Branch  or 
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Main  Shamokin  Creek  once  E.  and  again  W.  of  Mount  Carmel,  it  is  next,  at  the  distance  of  half 
a  mile,  at  the  third  notch  in  the  ridge,  traversed  by  the  North  Branch  of  the  Shamokin.  From 
this  point  Jamie's  Ridge  grows  wider  and  flatter,  and  indicates  through  its  external  structure 
less  precisely  the  position  of  the  anticlinal ;  but  further  to  the  W.,  where  the  axis  crosses  Quaker 
Eun,  we  are  once  more  enabled  to  fix  its  place  with  precision  :  this  is  just  S.  of  the  passage 
across  the  stream  of  the  Shamokin  Road.  From  this  point  it  ranges  on  in  the  same  straight 
course  towards  Quaker  Run,  beyond  which  we  lose  it. 

The  want  of  parallelism  of  this  axis  to  the  two  principal  ones  which  adjoin  it,  is  a  feature 
deserving  of  especial  attention,  particularly  when  we  note  that  a  similar  want  of  parallelism  pre- 
vails between  axis  a  of  Basin  7,  and  the  main  anticlinal  No.  7,  and  that  these  two  oblique  anticlinals 
are  themselves  mutually  parallel.  This  fact  would  seem  to  suggest  that  they  owe  their  birth  to 
a  different  movement  from  that  which  produced  the  larger  anticlinals  between  which  they  are 
enclosed,  and  that  they  can  hardly  be  regarded  as  merely  secondary  corrugations  of  the  strata 
engendered  by  inward  lateral  compression  of  the  sides  of  the  general  basin,  or  the  special  ones 
including  them. 


ReilKuhje.  .■  Jamie's  BkhK. 


Fig.  241.— Section  of  Green  Ridge  and  Red  Ridge  at  North  Branch  of  Shamokin  Creek  at  the  Collieries,  looking  E. 

OF  THE  COAL-MEASUEES  EXPOSED  ALONG  AXIS  A  OF  BASIN  8,  OR 
THAT  OF  JAMIE'S  OE  GEEEN  EIDGE. 

At  the  intersection  of  this  anticlinal  by  the  North  Branch  of  Shamokin  Creek — the  point,  namely, 
where  the  amount  of  vertical  uplift  along  it  seems  to  have  been  greatest — the  lowest  coal  lifted 
into  view  above  the  water-level  of  the  valley  is  the  large  seam.  No.  VIII.  This  spans  the  arch  in  a 
beautiful  curve,  dipping  S.  at  an  angle  of  35°  an^l  N.  at  one  of  50°  ;  the  bed  is  here  about  12 
or  13  feet  thick.  Outside  of  it,  at  each  base  of  the  ridge,  are  other  higher  coals.  From 
this  gap  of  the  North  Shamokin  east  half  a  mile  to  the  passage  of  the  main  Shamokin,  through  the 
same  ridge,  the  two  outcroj)s  of  the  large  seam,  ranging  along  the  opposite  sides  of  the  ridge, 
gradually  converge,  until  they  come  together  just  E.  of  the  Shamokin.  The  E.  descent  of  the 
anticlinal  axis  implied  in  this  convergence,  causes  the  coal  to  be  saddled  by  higher  strata  from  this 
gap  E.,  so  that  at  Mount  Carmel  the  only  coals  exposed  at  the  surface  are  those  next  abov^e  the 
big  one.  Still  further  E.,  again,  the  influence  of  the  Mount  Carmel  axis  upon  this  one  shows 
itself  in  slightly  lifting  aU  the  strata  in  that  direction,  so  that  Coal  VIII.  once  more  emerges  from 
below  the  water-level. 

In  the  opposite  direction,  or  W.  from  the  North  Branch  of  the  Shamokin,  the  axis  either 
maintains  its  level  for  2  or  3  miles,  or  sinks  very  slowly.  Just  S.  of  the  axis  on  Quaker  Run,  a 
large  coal  has  been  opened  in  two  places,  that  nearest  the  saddle  measuring  about  10  feet  in 
thickness.  Whether  this  is  Coal  VIII.,  or  a  bed  higher  in  the  series,  we  have  not  the  data  for 
determining  ;  but  I  am  disposed  to  regard  it  as  a  higher  coal,  probably  No.  X.  or  No.  XII.  Still 
further  to  the  W.,  just  on  the  S.  brow  of  the  low  flat  hill  S.  of  Ilornberger's,  a  coal  has  likewise 
been  found  basining  a  little  N.  of  this  axis,  but  what  its  thickness  is,  and  what  its  exact  place 
in  the  series,  are  points  not  yet  known.  I  think  it  probable,  however,  that  this  is  about  Coal  XII. 
VOL.  II.  2  0 
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Anticlinal  b  of  Basin  8. — Three  other  subordinate  anticlinals  occur  in  this  synclinal  belt,  which 
we  have  called  Basin  No.  8,  The  most  Southern  of  these  seems  to  take  its  origin,  or  to  have  its 
E.  end,  on  the  N.  slope  of  Green  Kidge,  between  Shamokin  Creek  and  Buck  Run,  where  it  forms, 
indeed,  an  independent  lower  crest.  Crossing  Buck  Run  about  600  feet  S.  of  its  junction  with 
the  Shamokin,  the  axis,  ranging  along  the  same  line  of  crest,  crosses  Gerhart's  Run  about  half  a  mile 
above  its  mouth,  and  Mowray's  Run,  2000  feet  S.  of  its  junction  Avith  Carbon  Run.  Beyond  this 
point  the  anticlinal  ranges  through  the  Scott  Tract  into  the  N.  flank  of  the  Mahanoy  Mountain, 
expiring  in  a  depressed  flexure  high  upon  its  slope  near  the  W.  end  of  the  high  knob  which  the 
mountain  exhibits  S.  of  the  head  of  Carbon  Run. 

Coals  exposed  along  Axis  b  of  Basin  8. — At  the  passage  of  Buck  Run  across  this  anticlinal,  the 
large  coal.  No.  VIIL,  ascending  from  the  mouth  of  Buck  Run,  arches  the  saddle  above  the  water- 
level  of  the  ravine,  but  is  not  denuded  on  the  ridge  either  E.  or  W.  of  it  ;  but,  basin  ing  between 
this  axis  and  the  main  anticlinal  No.  7,  it  outcrops  to  the  N.  of  the  latter.  We  know  but  little 
of  the  coal  brought  to  the  surface  by  the  axis  at  its  intersection  with  Gerhart's  Run,  but  appa- 
rently it  is  Coal  X.  Further  W.,  a  coal,  deemed  by  us  to  be  Coal  X.,  has  been  shafted  near  the 
axis  both  E.  and  W.  of  Mowray's  Run.  Reaching  Section  No.  2,  W.  of  Shamokin  Gap,  the  ascent 
of  this  axis  is  discernible  in  the  rising  out  of  Coal  VIIL  to  the  surface,  pretty  high  towards  the 
foot  of  the  mountain.  This  is  on  the  Scott  Tract,  beyond  which  no  systematic  diggings  have 
been  yet  undertaken  in  quest  of  coal. 

Anticlinal  c  of  Basin  8. — Parallel  with  the  preceding  anticlinal,  and  at  an  average  distance  of 
800  or  900  feet  N.  of  it,  range.s  another  long  straight  wave  in  the  Coal-measm-es.  This  appears 
to  commence  towards  the  E.,  near  the  base  of  Green  Ridge  ;  or,  more  precisely,  it  first  shows  itself 
in  the  W.  bank  of  the  Shamokin  Creek,  a  little  W.  of  the  mouth  of  Buck  Run,  where  the  next 
coal  over  the  large  bed  just  peeps  to  the  surface,  arches,  and  disappears  again.  From  this  spot 
the  axis  is  traceable  W.  to  where  it  is  intersected  by  Gerhart's  Run,  and  again  by  Mowray's  Run, 
and  stiU  further  to  our  Section-line  W.  of  Shamokin  Gap.  Beyond  this  point  it  encroaches, 
like  the  preceding  axis,  upon  the  long  sloping  flank  of  the  Mahanoy  Mountain,  and  probably  at 
last  draws  near  to,  or  even  merges  into,  its  crest.  If  thus  prolonged,  its  termination  must  be 
somewhere  near  the  bend  of  the  crest  opposite  the  extreme  source  of  Carbon  Run.  Like  nearly 
all  the  axes  S.  of  it,  this  anticlinal  flattens  its  S.  dips  rapidly  as  it  obliquely  ascends  the 
Mahanoy  Mountain.    It  there  however  preserves,  or  even  increases,  the  steepness  of  its  N.  dip. 

Coals  exposed  along  Axis  c  of  Basin  8. — There  can  be  little  doubt  that  the  coal  brought  to  the 
water-level  of  Shamokin  Creek  by  this  anticlinal  is  No.  IX.  of  our  series,  or  the  next  seam  above 
the  large  one,  No.  VIIL  Just  W.  of  Mowray's  Run,  coal  has  been  opened  at  the  axis,  which  is 
possibly  Coal  VIIL  itself,  though  of  the  identity  of  this  I  feel  uncertain.  Further  W.  again,  at 
the  section  through  the  Scott  Tract,  about  the  same  portion  of  the  series  is  again  exposed  upon 
the  axis,  and  beyond  this  we  know  nothing  specifically  about  it. 

Anticlinal  d  of  Basin  8. — Another  shorter  anticlinal  occurs  in  the  same  belt  in  the  W.  part  of 
Basin  No.  8,  also  parallel  with  the  rest,  and  S.  of  Carbon  Run.  At  our  W.  section  through  the 
Scott  Tract,  it  lies  about  900  feet  N.  of  axis  c,  where  it  occupies  the  crest  of  a  flat  hill,  or  a 
swell  at  the  foot  of  the  mountain.  It  is  possible,  judging  from  the  topography,  that  this  axis 
exists  as  far  E.  as  the  crest  of  the  hill  next  W.  of  Gerhart's  Run,  but  we  have  no  specific  proofs 
of  its  course  either  E.  or  W.  of  the  section,  where  we  have  intersected  it ;  we  can  only  infer,  from 
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certain  topographical  features,  that,  like  the  many  axes  S.  of  it,  it  advances  W.,  encroaching  upon 
the  flank  of  the  Mahanoy  Mountain,  until  it  expires  somewhere  N.  of  the  summit.  We  are 
equally  ignorant  at  present  as  to  what  coal  this  axis  brings  to  the  surface  at  our  cross  section, 
but  we  are  entitled,  from  several  considerations,  to  infer  that  it  must  be  a  bed  high  in  the  White- 
Ash  series,  perhaps  Coal  X.  or  XI. 

OF  THE  SUBOEDINATE  BASINS  INCLUDED  IN  BASIN  8. 

Owing  to  the  oblique  position,  in  the  general  Basin  No.  8,  held  by  the  anticlinal  of  Jamie's 
Ridge,  this  general  basin  is  naturally  subdivided  into  two  portions — one  extending  from  the 
Catawissa  Road  to  about  the  mouth  of  Quaker  Run,  and  the  other  from  Mount  Carmel  to  the 
place  of  disappearance  of  the  Red  Ridge  axis  somewhere  on  Carbon  Run.  I  shall  now  pass  to 
the  consideration  of  these  synclinals,  and  to  an  account  of  the  coal  strata  which  they  contain. 

Basin  a  of  Basin  8. — The  Eastern  division  of  Basin  8,  which  we  shall  call  Basin  «,  commences 
in  a  narrow  point  of  the  Coal-measures,  about  1000  feet  E.  of  the  Catawissa  Road,  the  trough 
originating  on  the  spur  embraced  between  the  two  coves  of  Umbral  red  shale  which  there  head 
up  into  the  Shamokin  Mountain.  Crossing  the  road,  this  synclinal  rapidly  assumes  the  form  of 
a  regular  valley,  which,  descending  W.,  is  watered  for  nearly  its  whole  length  to  the  point  of 
Red  Ridge,  first  by  the  middle,  and  then  by  the  Main  Shamokin  Creek.  Contracting  as  it  goes 
W.  of  the  N.  branch  of  the  Shamokin,  it  soon  loses  altogether  the  structure  of  a  valley,  and  the 
only  streams  which  traverse  it  are  Cedar  Run,  and  the  feeble  N.  tributaries  of  Quaker  Run. 

Coal-measures  in  Basin  a  of  Basin  8. — From  the  points  already  indicated  on  Mine  Ridge  and 
Red  Ridge,  where  the  upper  beds  of  the  Serai  conglomerate  are  saddled  over  by  the  lowest 
productive  coal-seams,  the  crests  of  these  two  ridges,  and  of  Jamie's  Ridge,  constitute  the  natural 
limits  of  this  basin.  Mention  has  been  already  made  of  the  Coal-measures  exposed  at  the 
borders  of  the  basin  by  these  anticlinals,  and  it  now  only  remains  to  state  what  higher,  coals 
have  been  preserved  from  denudation  in  the  more  central  or  deeper  parts  of  the  trough.  For 
the  first  mile  W.  of  the  Catawissa  Road,  it  is  probable  that  only  the  lower  White- Ash  coals,  or 
those  beneath  the  large  bed,  No.  VIII.,  have  any  existence  in  the  basin  ;  but  further  along  the 
valley,  probably  at  our  Section  No.  8,  and  certainly  at  Section  No.  7,  we  have  the  fullest  evidence 
of  the  presence  of  nearly  the  whole  of  the  upper  White- Ash  group.  From  near  the  point  of  Mine 
Ridge  to  near  the  termination  of  Red  Ridge,  the  average  depth  of  the  basin  is  probably  nearly 
constant,  the  gradual  rise  of  the  Jamie's  Ridge  axis  apparently  compensating  for  the  slow 
subsidence  of  that  of  the  Red  Ridge.  At  the  North  Branch  of  the  Shamokin  Creek  there  are 
probably  three  or  four  coals  in  the  basin  higher  than  Coal  VIII.,  but  the  width  between  the  out- 
crops of  the  uppermost  is  of  course  inconsiderable.  In  the  neighbourhood  of  Quaker  Run  and 
Little  Quaker  Run,  the  basin  contracts  to  not  more  than  one-half,  or  even  one-third,  of  the 
breadth  which  it  has  E.,  yet  it  retains,  by  the  subsidence  of  all  the  anticlinals  towards  this 
central  part  of  the  coal-field,  the  same  upper  White-Ash  coals  ;  but  precisely  what  coal  it  is 
which  basins  on  the  ridge  a  few  hundred  feet  S.  of  Hornberger's,  it  is  impossible  to  say  until 
more  mining  has  been  done. 

Basin  h  of  Basin  8. — Crossing  the  anticlinal  of  Jamie's  Ridge,  we  proceed,  in  the  next  j)lace, 
to  trace  briefly  the  coals  left  in  Basin  b  of  Basin  8,  or  that  embraced  between  Jamie's  Ridge  and 
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the  Mount  Carmel  anticlinal  as  far  as  Green  Eidge  Gap.  At  the  narrow  Eastern  point  of  this 
synclinal  belt,  or  the  little  plateau  of  Mount  Carmel,  the  first  coals  under  the  surface  are  those,  it 
would  seem,  which  next  overlie  the  thick  bed.  No.  VIIL,  and  the  same  may  be  said  of  that  part  of 
the  basin  which  extends  from  the  North  Branch  of  Shamokin  Creek  to  Quaker  Eun.  Indeed,  it 
is  probable  that  the  surface  coals  of  the  middle  or  synclinal  part  of  the  basin,  throughout  nearly 
its  whole  length  to  the  mouth  of  Quaker  Eun,  are  those  embraced  between  Coal  IX.  and  Coal  XIL 
inclusive  ;  while  W.  of  Quaker  Eun,  with  the  disappearance  of  Jamie's  Eidge  axis,  the  bed  of  the 
basin,  occupied  by  the  Shamokin  Creek,  embraces  three  or  four  still  higher  coals.  That  this  is 
true  may  be  seen  by  inspecting  our  Main  Shamokin  cross-section,  which  exhibits  the  very 
highest  coals  of  the  district,  dipping  in  synclinal  posture  in  the  centre  of  this  trough.  Beyond 
this  intersection  of  the  basin  by  the  Shamokin  Creek,  N.  of  Buck  Eun,  it  is  not  practicable,  in 
the  present  undeveloped  state  of  the  ground,  to  attempt,  a  detailed  tracing  of  its  coal-beds.  It 
will  suffice  to  state  that,  following  the  trough  W.  to  Carbon  Eun,  we  must  there  meet  with  lower 
and  lower  Coal-measures  gradually  coming  up,  as  successive  anticlinals — such  as  B,  c,  and  d  of 
the  basin  we  are  in — intrude  themselves  and  give  a  Westward  lift  to  aU  the  rocks. 

Having  already  specially  indicated,  as  far  as  known,  what  coal-beds  are  brought  to  the 
surface  by  these  subordinate  anticlinal  waves  which  lie  between  the  two  long  axes  No.  7  and 
No.  8,  and  having  thus  shown  incidentally  very  nearly  what  the  uppermost  coals  must  be  which 
they  retain  between  the  various  cross-sections  of  Buck  Eun,  Gerhart  s  Eun,  Mowray's  Eun,  and 
those  through  the  Scott  Tract,  it  would  be  superfluous  and  tedious  to  attempt  to  define  in  more 
detail  the  uppermost  coals  of  these  narrow  troughs.  I  shaU  therefore  here  terminate  my 
description  of  Basin  No.  8,  and  pass  to  the  consideration  of  the  anticlinal  No.  9,  or  that  of  Coal 
Eun  Eidge,  and  of  the  basin  next  S.  of  it,  or  that  of  the  North  Branch  of  Shamokin  Creek. 

ANTICLINAL  NO.  9,  OE  THAT  OF  COAL  EUN  EIDGE. 

The  last  or  most  Northern  main  anticlinal  of  the  coal-field  is  that  of  the  mountain-spur  of 
the  Shamokin  Mountain,  called  the  Coal  Eun  Eidge,  which  is  the  third  of  the  chief  mountain 
anticlinals  of  the  proper  Shamokin  Basin,  not  counting  the  bounding  one  of  the  Locust  Moun- 
tain. The  three  large  anticlinal  waves — that  of  Mine  Eidge,  of  Eed  Eidge,  and  this  of  Coal  Eidge 
— distribute  the  Coal-measures  of  the  E.  half  of  the  Shamokin  Basin  into  four  very  spumetrical 
synclinal  troughs,  the  most  Northern  of  which  is  the  Coal  Eun  Valley,  embraced  between  this 
high  axis  and  the  monoclinal  crest  of  the  Shamokin  Mountain.  It  will  be  observed,  upon 
inspecting  the  Map,  that  these  three  mountain-spurs  are  successively  longer  the  further  N.  they 
are,  the  Coal  Eidge  being  longer  than  the  Eed  Eidge,  and  this  last  longer  than  Mine  Eidge. 
This  interestino;  fact  lends  some  countenance  to  the  view  which  would  make  the  Mine  Eidge 
anticlinal,  or  No.  7,  terminate  near  the  North  Branch  of  Shamokin  ;  and  that  of  Eed  Eidge,  or 
No.  8,  end  either  near  the  source  or  the  mouth  of  Quaker  Eun.  But  even  if  this  view  be  the 
correct  one,  the  assumption  that  I  have  made,  that  these  two  axes  are  prolonged  much  further 
W.,  does  not  seem  to  vitiate  any  practical  deductions.  (The  reader  will  gain  a  clearer  conception 
of  the  relations  of  the  coal  strata  in  these  ridges  and  basins,  if  he  will  here  consult  the  4th 
Section  on  Plate  IV.  of  the  Coal  Sections,  or  that  E.  of  Mount  Carmel.) 

The  Coal  Eidge  axis  enters  the  coal-field  through  the  outer  flank  of  the  Shamokin 
Mountain,  at  a  recess  in  its  crest  S.E.  of  the  terminating  knob  of  the  Coal  Eun  Basin.  This 
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recess  is  really  an  anticlinal  cove  in  the  Eed  Sliale,  but  shorter  and  less  excavated  than  those 
through  which  the  Eed  Eidge  and  Mine  Eidge  axes  enter  the  basin.  For  about  3  miles  W. 
from  the  synclinal  knob,  the  crest  of  the  anticlinal  wave  displays  an  extensive  denudation 
of  the  Coal-measures,  the  summit  of  the  mountain  exposing,  over  an  average  width  of 
more  than  1000  feet,  no  coal-bearing  rocks,  but  only  the  Serai  conglomerate.  But  within  less 
than  half  a  mile  W.  of  the  passage  of  the  centre  turnpike  across  the  ridge  the  axis  commences 
rapidly  to  decline,  and  here  the  lower  productive  coal  strata  close  over  the  conglomerate.  Near 
this  point  the  structure  of  the  mountain  becomes  a  little  complicated,  two  additional  anticlinals, 
one  S.  and  the  other  N.  of  the  main  axis,  appearing  on  its  flanks,  and  running  closely  parallel 
with  it.  The  main  axis  of  the  ridge,  intersected  by  our  shaftings,  and  clearly  proved  in  position 
by  openings  in  the  coal-beds,  and  by  observation  upon  the  rocks,  declining  rapidly  in  its  degree 
of  flexure  at  Coal  Eun,  crosses  the  valley  of  that  stream  only  a  little  above  the  old  gangways  at 
the  water-level  in  its  W.  bank.  Here  the  S.  dip  from  the  axis  is  between  25°  and  30°,  while 
on  the  N.  side  it  is  nearly  flat,  from  the  lifting  influence  of  the  saddle  next  N.  of  it.  Westward 
from  Coal  Eun  the  main  anticlinal  very  rapidly  subsides,  seeming  hardly  to  reach  the  ravine  of 
the  Luke  Fidler  Colliery.  Throughout  the  E.  half  of  Coal  Eidge  the  S.  leg  of  the  arch  appears 
to  be  materially  steeper  than  the  N.  one,  but  along  the  W.  half  to  Coal  Eun  the  proximity  of 
the  waves  upon  its  flank  seems  to  interfere  with  the  preservation  of  this  form,  the  N.  axis,  or 
B  of  Axis  9,  becoming  soon  a  more  inflected  wave  than  the  main  one  of  the  crest  of  the  moun- 
tain. From  a  point  about  due  S.  of  the  passage  of  the  turnpike  across  Shamokin  Mountain,  the 
subordinate  S.  axis  of  Coal  Eidge,  or  a  of  Axis  No.  9,  seems  to  constitute  a  summit  about  as  high 
as  that  of  the  main  axis,  and  to  form  indeed  the  principal  crest  towards  the  end  of  the  ridge. 
An  inspection  of  Section  1  of  Coal  Eun  Basin  shows  the  arch  of  Coal  Eun  Eidge  flat,  or  even 
slightly  concave,  on  its  summit,  a  structure  which  arises  from  the  presence  of  two  anticlinals, 
the  main  one,  No.  9,  producing  the  S.  dip,  and  the  auxiliary  one,  B  of  Axis  9,  the  N.  dip.  The 
S.  axis,  the  feeblest  of  these,  seems  to  expire  altogether  before  reaching  the  gap  of  Coal  Eun,  while 
the  Northernmost  is  here  even  somewhat  stronger  than  the  chief  or  middle  one,  and  prolongs 
itself  considerably  beyond  it  to  the  W.  How  near  to  the  town  of  Shamokin  this  actually 
approaches,  we  are  unable  yet  to  say. 


COAL-MEASUEES  EXPOSED  ALONG  THE  COAL  EIDGE  ANTICLINAL. 

The  first  productive  Coal-measures  over  the  Serai  conglomerates  appear  to  saddle  the  crest  of 
Coal  Eidge  about  haK  a  mile  W.  of  the  centre  turnpike.  From  this  point  W.,  higher  and  higher 
strata  undulate  across  the  complex  anticlinal,  until,  at  Coal  Eun  Gap,  the  coals  which  rise  in  the 
double  arch  above  the  water-level  are  probably  as  high  in  the  series  as  Nos.  X.,  XL,  and  XH. 

BASIN  No.  9,  OE  THAT  OF  THE  NOETH  BEANCH  OF  SHAMOKIN. 

Between  the  Eed  Eidge  axis  and  the  anticlinal  of  Coal  Eidge  occurs  a  long  and  quite  regular 
synclinal  trough  in  the  Coal-measures,  descending  W.  from  the  middle  of  the  more  Northern 
spur  in  which  the  Shamokin  Mountain  terminates  E.  The  chief  part  of  this  spur,  which,  near 
its  junction  with  the  main  mountain,  is  a  high  flat  table-land,  is  covered  only  with  the  difierent 
members  of  the  Serai  conglomerate,  no  productive  Coal-measures  appearing  to  exist  upon  it 
further  E.  than  about  one-third  of  a  mile  E.  of  the  Ashland  and  Catawissa  Eoad.    There  the 
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true  coal-basin  begins  in  tlie  middle  of  the  flat  synclinal  table-land;  Eapidly  expanding,  the 
N,  edge  of  the  true  coal-basin  presently  gains  the  monoclinal  crest  of  the  Shamokin  Mountain, 
and  pursues  it  to  the  head  of  the  recess  at  which  the  Coal  Eun  axis  enters  it,  beyond  which  the 
boundary  follows  the  S.  side  of  the  flat  summit  of  Coal  Eidge  to  the  point  half  a  mile  W.  of  the 
Centre  Turnpike,  where,  as  already  intimated,  the  conglomerates  are  saddled  over  by  the  more 
productive  coal-rocks,  from  which  point  to  Coal  Eun  Gap  the  N.  limit  of  the  basin  must  be 
considered  as  the  chief  axis  of  Coal  Eidge,  whichsoever  this  may  be  along  the  difierent  portions 
of  its  undulated  summit. 

Following  next  the  S.  limit  of  the  productive  coal-basin,  we  still  find  the  line  crossing  the 
Catawissa  Eoad  a  few  hundred  feet  N.  of  the  crest  of  Eed  Eidge,  and  gradually  ascending 
that  crest  until,  at  a  distance  of  perhaps  three-fourths  of  a  mile  W.  of  the  road,  it  turns  across 
it,  and  is  joined  by  the  N.  edge  of  the  same  coal-rocks  belonging  to  Basin  No.  8,  south  of  it.  From 
this  point  of  the  first  saddling  of  the  Coal-measures  the  true  S.  limit  of  Basin  No.  9  is  the  anti- 
clinal axis  of  Eed  Eidge,  approximately  coincident  with  the  crest  of  the  mountain.  To  the  W. 
of  the  notch  in  the  ead  of  the  ridge,  at  the  passage  of  the  North  Shamokin  Creek,  no  well-defined 
topographical  feature  bounds  the  basin  on  the  S.  as  far  forward  as  Coal  Eun,  unless,  indeed,  we 
generalise  the  range  of  hills  passing  N.  of  Hornberger's  into  a  sort  of  broken  ridge.  The  structure 
of  the  general  synclinal  belt  between  Axis  No.  8,  south  of  Shamokin,  and  the  line  of  extension  of 
the  Coal  Eidge  anticlinals,  is  so  undulated  W.  of  Coal  Eun  Gap,  especially  near  Shamokin,  there 
being  in  this  interval  at  least  four  anticlinal  waves,  that  it  is  not  expedient  to  consider  Basin 
No.  9  as  really  prolonged  any  further  in  that  direction. 

OF  THE  COAL-MEASUEES  PRESERVED  IN  DIFFERENT  PARTS  OF  BASIN  No.  9. 

Though  this  basin  of  the  N.  branch  of  Shamokin  Creek  is  from  its  Eastern  end  to 
Shamokin  Creek  remarkably  regular  and  free  from  undulations,  yet  it  is  not  entirely  exempt 
from  them  ;  and  for  the  sake  of  accuracy  in  my  description  of  the  distribution  of  the  coal-beds 
within  it,  an  allusion  to  the  positions  occupied  by  these  subordinate  flexures  is  indispensable. 

First,  there  occurs  in  the  N.  slope  of  Eed  Eidge,  not  1  mile  E.  of  the  gap  of  North 
Shamokin  Creek,  a  gentle  undulation,  exhibiting  a  very  feeble  S.  dip,  with  a  steeper  N.  one, 
the  axis  being  about  800  feet  N.  of  the  main  anticlinal  of  the  ridge.  The  efiect  of  this  is  to 
lessen  the  number  of  separate  coal-seams  in  this  part  of  the  mountain,  while  it  multiplies  their 
outcrops.  How  far  this  small  flexure,  which  jjroperly  belongs  to  the  anticlinal  wave  of  Eed 
Eidge,  extends  E.  and  W.  along  its  flank,  it  is  impossible  in  the  present  unopened  condition  of 
the  basin  to  ascertain. 

The  second  and  only  other  known  flexure  or  disturbance  within  the  North  Branch  Basin  occurs 
at  the  S.  foot  of  Coal  Eidge,  near  the  Centre  Turnpike.  A  perpendicularly-dipping  coal,  shafted 
both  E.  and  W.  of  the  road,  implies  the  proximity  of  a  sharp  crushed  axis  S.  of  it  ;  and  the 
existence  of  apparently  the  same  coal  dipping  Southward  at  a  very  high  angle  some  300  feet 
further  N.,  by  indicating  a  squeezed  basin,  supports  this  view  of  a  compressed  anticlinal.  To 
what  distance  this  acute  flexure  extends  low  on  the  slope  of  the  mountain  we  are  unable  to 
say,  but  it  seems  to  have  no  existence  li  miles  to  the  Westward,  where  all  the  coal-beds  of  the 
slope  and  base  of  the  ridge  have  l)een  carefully  opened  and  proved,  and  where  only  undisturbed 
Southward  dips  prevail. 
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That  the  lower  Coal-measures  actually  pass  to  the  Eastward  of  the  Catawissa  Road  is 
obvious  from  the  materials  on  the  surface,  and  from  certain  shaftings  on  two  or  three  coal-beds 
in  the  neighbourhood  of  the  turnpike.  That  the  Coal-measures  also  rise  high  upon  the  summit 
of  Shamokin  Mountain,  is  a  fact  equally  well  established  by  actual  digging  along  its  crest  W.  of 
the  road.  Descending  along  the  basin,  we  shall  find,  of  course,  successively  higher  coals  basining 
out  to  meet  us  as  we  advance  down  the  bed  of  the  valley  ;  but  no  developments  have  been  yet 
made  to  show  at  what  point  the  several  lower  and  middle  White-Ash  seams  have  their  Eastern 
spoon-shaped  terminations.  From  all  the  data  afibrded  by  the  developments  made  in  shafting, 
from  the  gap  of  the  North  Branch  in  Red  Ridge  to  Coal  Run  and  the  Shamokin  Creek,  we  are 
entitled  to  infer  that  the  uppermost  coal-seams  remaining  in  the  centre  of  this  synclinal  belt, 
where  the  North  Shamokin  Creek  turns  to  pass  out  of  it,  are  those  which  overlie  the  large 
Coal-bed,  No.  YIIL,  perhaps  as  high  in  the  series  as  Coal  X.  or  XI.  ;  that  those  which  lie  highest 
in  the  basin  N.  of  Hornberger's  are  the  Coals  XL,  XII.,  and  possibly  XIII. ;  and  that  those 
which  we  meet  with  at  the  jjassage  of  Coal  Run  across  the  basin  are  the  Nos.  XIII.  and  XIV. 
of  the  series.  It  is  not  practicable,  in  the  present  infancy  of  mining  in  the  district,  to  trace  the 
distribution  of  the  coals  in  this  synclinal  range  with  any  more  precision. 


ANTICLINALS  IN  THE  PEOLONGATION  OF  BASIN  9,  SOUTH  OF  SHAMOKIN. 

Four  anticlinal  undulations,  as  already  intimated,  occupy  the  width  of  this  general  synclinal 
belt  opposite  Shamokin  between  the  leading  anticlinal  No.  8  and  the  prolongation  of  those  of 
Coal  Ridge.  That  these  are  in  some  sense  subordinate  to  this  synclinal  tract  or  basin,  must 
be  inferred  from  the  circumstance  that  they  nowhere  lift  out  the  lower  White-Ash  coals, 
neither  of  them  brmging  to  the  surface  anything  deeper  seated  than  Coal  XII. 

Axis  A  of  Basin  9. — The  first  or  most  Southern  of  these  flexures  has  its  E.  commencement 
probably  about  opposite  Coal  Run  Gap,  for  S.  dips  connected  with  it  are  visible  in  two  or  three 
coal-beds,  shafted  at  the  N.  foot  of  the  narrow  neck  which  separates  Coal  Run  from  Quaker 
Run.  From  this  point  it  ranges  Westward  to  the  valley  of  the  Shamokin  through  the  depression 
between  the  two  synclinal  summits  of  the  mass  of  land  enclosed  between  the  Shamokin  and 
Coal  Run,  and  crosses  the  Shamokin  Valley  about  400  feet  S.  of  the  Furnace.  Its  course  West- 
ward of  the  vaUey  is  between  two  similar  knobs,  the  prolongations  of  the  same  synclinal  basins. 
Indications  of  this  axis  occur  about  1400  feet  N.  of  Carbon  Run,  and  opposite  the  mouth  of 
Gerhart's  Run,  beyond  which,  though  it  is  probably  prolonged  for  a  good  distance,  we  have  not 
traced  it.  The  road  from  Shamokin  to  Trevorton  probably  passes  for  some  distance  along  the 
crest  of  this  anticlinal  near  the  head  of  Carbon  Run  ;  but  in  the  present  unopened  state  of 
the  district  it  is  not  expedient  to  state  this  too  positively. 

Coals  exposed  at  Axis  a. — The  lowest  coal  denuded  at  the  water-level  on  the  arch  of  this 
anticlinal  is  apparently  the  Coal  XIV.  of  our  Shamokin  series,  though  I  would  not  at  present  be 
very  positive  in  my  count  to  within  one  coal.  Three  other  seams  of  workable  dimensions 
overlie  this  bed  of  the  anticlinal  axis,  and  the  uppermost  of  these,  by  my  estimate  Coal  XVII, 
of  the  basin,  outcrops  in  synclinal  manner  all  round  each  of  the  two  synclinal  ridges  which 
bound  this  axis.  Each  basin  terminates  about  half  a  mile  E.  of  the  Furnace,  Of  this  w^e  feel 
assured,  inasmuch  as  the  seam  has  been  carefuUy  traced  by  shaftings  conducted  by  Patrick 
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Daly,  the  most  skilful  practical  explorer  of  coal,  by  digging,  in  all  the  anthracite  coal  region. 
This  anticlinal  appears  to  subside  gradually  in  going  Westward. 

Axis  B  of  Basin  9. — North  of  the  preceding  about  1000  feet  ranges  parallel  with  it  another 
shorter  axis,  commencing  apparently  W.  of  Coal  Run,  crossing  the  valley  of  Shamokin  Creek 
some  600  feet  N.  of  the  furnace,  and  dying  out  probably  Westward  of  Carbon  Eun.  We  only 
know  it  distinctly  where  the  denuded  valley  of  the  Shamokin  exposes  it.  It  lifts  just  the 
same  coals  to  the  surface,  though  not  quite  as  high  as  are  brought  up  on  the  axis  S.  of  it.  This 
anticlinal  would  appear  to  sink  Eastward. 

Axis  c  of  Basin  9. — The  third  anticlinal  of  the  group  is  a  considerably  longer  one,  being 
traceable  from  near  Coal  Run  to  the  vicinity  of  Furnace  Run,  W.  of  Shamokin.  The  position 
of  this  saddle  is  a  little  S.  of  the  North-dipping  openings  on  the  uppermost  coals  of  the  Luke 
Fidler  Tract,  just  N.  of  the  Shamokin  Road.  Crossing  from  the  valley  of  Coal  Run,  it  goes 
through  the  narrow  hill  which  divides  this  from  the  Shamokin  Valley,  and  crosses  the  latter  just 
900  feet  S.  of  the  railroad  bridge  over  Coal  Run.  About  one-third  of  a  mile  W.  of  the  mouth 
of  Carbon  Run  the  axis  has  been  proved  by  shaftings  nearly  300  feet  S.  of  the  Trevorton  Road, 
but  W.  of  the  section  there  we  have  no  means  at  present  of  tracing  it  in  its  prolongation.  The 
sharpness  of  the  flexure,  however,  its  N.  dips  being  70°  and  its  S.  45°,  implies  that  it  ranges  on 
for  some  distance.    This  axis,  in  fact,  evidently  rises  Westward. 

Like  the  two  preceding  saddles,  this  flexure  elevates  to  the  water-level  of  the  Shamokin 
Valley  Coal-bed  XIV.  of  the  basin. 

Axis  D  of  Basin  9. — The  fourth  and  last  flexure  of  the  group,  a  shorter  and  feebler  one  than 
the  last,  is  that  of  the  beautifully-developed  arch  just  S.  of  Coal  Run,  at  the  town  of  Shamokin. 
Indications  of  it  may  be  detected  as  far  Eastward  as  the  ra\4ne  of  the  Luke  Fidler  Colliery,  and 
its  influence  upon  the  strata  is  conspicuous  E.  of  the  old  sawmill  pond  on  the  railroad.  It 
crosses  the  valley  of  the  Shamokin  Creek,  and  indeed  appears  to  be  three  times  intersected  by 
the  stream  in  its  windings.  Whether  this  and  the  anticlinal  developed  by  coal-shaftings  on 
Furnace  Run  1200  feet  W.  of  its  mouth,  are  the  same,  is  at  present  doubtful,  since  that  flexure 
lies  200  or  300  feet  too  far  N.  for  a  parallel  prolongation  of  the  saddle  next  S.  of  Shamokin. 

Being  a  feebler  anticlinal  uplift  than  either  of  the  three  preceding  axes,  the  N.  dips  from 
it  are  comparatively  gentle,  not  exceeding  30° ;  the  S.  limb  of  the  arch,  however,  disappears  at 
an  angle  of  60°. 

The  lowest  coal  elevated  to  the  level  of  the  railroad  upon  the  summit  of  this  arch  is 
apparently  No.  XII.  of  the  Shamokin  series  ;  possibly  it  is  No.  XIII.    A  careful 
° tracing  of  the  ground  Eastward  indicates  this  coal  to  be  the  same  as  the  Southern 
or  upper  one  of  the  Luke  Fidler  Ravine.    Our  cut  exhibits  the  size  and  divisions 

FlO.  242.— Luke  Fidler      „    ,  ,      t^.  ,  -, 

Coal-seam.  01  the  Luke  r  idler  coal,  so  called. 
Looking  at  the  configuration  of  all  five  of  the  anticlinal  waves  which  cross  the  Shamokin 
stream  between  the  mouth  of  Coal  Run  and  that  of  Buck  Run,  we  are  struck  with  the 
accordance  which  prevails  among  them  all  except  the  most  Northern,  or  that  last  described. 
Each  is  a  little  steeper  on  the  N.  leg  of  the  arch  than  on  the  S.  ;  their  distances  asunder  are 
nearly  equal,  and  they  are  remarkably  parallel.  The  last  of  the  group,  however,  or  that  nearest 
Shamokin,  betrays  the  opposite  law  of  curvature  of  its  arch,  the  S.  limb  being  the  steep  one,  and 
the  N.  the  flat.    Such,  too,  is  the  form  of  the  flexure  developed  in  the  coal-shafts  on  Furnace 
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Run.  It  is  worthy  of  note,  that  this  flattening  of  the  N.  clip  takes  place  only  in  the  Northern 
flexure,  or  the  first  one  which  begins  to  feel  the  influence  of  the  general  uprising  of  the  Northern 
side  of  the  basin,  or  the  strata  of  the  Shamokin  Mountain. 

When  we  embrace  in  one  comprehensive  view  all  the  numerous  anticlinal  flexures,  twelve 
at  least  in  regular  series,  which  occupy  the  undulated  synclinal  valley  of  the  Shamokin  Coal-field 
in  the  region  of  the  Shamokin  Gap,  we  are  struck  with  the  circumstance,  that  while  all  the 
Southern  ones,  or  those  which  enter  the  long  Northern  slope  of  the  Mahanoy  Mountain,  exhibit 
a  progressive  flattening  of  their  Southern  sides,  lifted,  as  it  were,  by  the  general  uprise  of  the 
strata  of  the  S.  side  of  the  coal-field,  the  middle  group  observes  the  normal  law  of  the  Appala- 
chian anticlinals,  which  is  to  have  their  Northern  incurvation  steeper  than  their  Southern  ;  and 
that  the  Northern  set,  or  all  those  which  range  at  the  base  or  on  the  flank  of  the  Shamokin 
Mountain,  reversing  the  configuration  of  those  of  the  Mahanoy  Ridge,  have  their  S.  slopes  the 
steepest,  and  their  N.  ones  flattened,  as  if  raised  by  the  opposite  or  S.  dip  of  the  Northern  side 
of  the  great  trough.  This  modification  of  the  form  of  the  subordinate  flexures,  by  the  position 
they  occupy  in  the  general  basin,  is  not  confined  to  this  Western  end  of  the  Shamokin  Coal-field, 
but  prevails  everywhere  in  the  more  undulated  districts  of  the  entire  coal-region.  I  conceive  it 
to  be  in  the  strongest  manner  significant  of  the  mode  of  origin  of  these  lesser  undulations,  which 
I  regard  not  as  flexures  pervading  the  whole  thickness  of  the  earth's  once  flexible  crust,  such 
as  unquestionably  the  great  Appalachian  anticlinals  are,  but  as  more  superficial  corrugations 
produced  in  a  secondary  manner  within  the  wide  crust-waves,  by  the  plicating  action  of  the 
lateral  forces  engendered  upon  the  contraction  of  the  area  of  the  upper  strata,  by  the  approxi- 
mation of  the  sides  of  the  great  troughs  into  which  the  crust  was  heaved. 

BASIN  No.  10,  OE  THAT  OF  COAL  EUN  AND  ITS  INCLUDED  ANTICLINALS. 

The  Northernmost  of  the  sub-basins  of  the  Shamokin  Coal-field  is  that  of  Coal  Run,  bounded 
on  the  S.  by  the  complex  anticlinal  of  Coal  Ridge,  and  on  the  N.  by  the  monoclinal  crest  of  the 
Shamokin  Mountain.  As  a  distinct  synclinal  trough,  this  belt  is  not  prolonged  much  to  the  W. 
of  Coal  Run  Gap,  for  the  disappearance  of  the  Coal  Ridge  anticlinals  E.  of  Shamokin,  and  the 
introduction  of  other  flexures  N.  and  W.  of  that  town,  conspire  to  destroy  the  simple  basin 
structure  which  it  possesses  further  E.,  and  to  compel  us  to  adopt  a  new  classification  of  the 
coal-field  W.  of  Shamokin  Gap,  and  N.  of  Carbon  Run.  For  convenience,  however,  we  will 
extend  our  description  beyond  the  proper  Coal  Run  Basin,  or  from  the  synclinal  mountain-knob 
in  which  it  commences  N.E.  of  Mount  Carmel,  to  the  notch  in  the  mountain  by  which  the 
Shamokin  Creek  passes  out  of  the  coal-field.  Thus  limited,  it  may  be  defined  as  a  straight  basin 
about  three-fourths  of  a  mile  in  breadth  in  its  central  widest  portion — with  a  gradual  descent  to 
the  Westward — of  a  simple  synclinal  structure  at  its  Eastern  end — undulated  in  its  centre,  along 
its  middle  section,  by  a  sharp  straight  anticlinal  wave — and  undefined  in  its  Western  end  by  any 
Southern  anticlinal  boundary. 

As  in  similar  former  instances,  it  will  be  expedient,  before  entering  on  any  statement  of  the 
Coal-measures  found  within  this  basin,  to  trace  the  subordinate  anticlinals  which  occur  within 
it,  especially  a  long  and  very  regular  one  which  ranges  near  the  centre  of  the  trough. 

A  nticlinal  a  of  Basin  10. — This  flexure  of  the  strata  undulating  the  bed  of  the  trough,  which 
but  for  it  would  be  a  remarkably  symmetrical  synclinal  wave,  seems  to  commence  at  the  E.  near 
VOL.  II.  2  p 
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the  Centre  Turnpike,  and  to  pursue  a  straight  course  a  little  N.  of  Coal  Run.  Crossing  our  several 
exploratory  shafts  in  its  progress  along  the  valley,  its  position  has  been  accurately  determined.  Con- 
verging a  little  upon  the  Northern  axis  of  Coal  Ridge,  or  b  of  Axis  9,  it  passes  N.  of  Coal  Run  Gap 
about  1200  feet  from  that  axis.  Here  leaving  the  valley,  it  takes  the  summit  of  an  irregular  table- 
land, and  afterwards  the  crest  of  a  ridge  into  which  this  is  prolonged,  in  the  very  point  of  which, 
and  not  more  than  a  few  hundred  feet  from  the  E.  edge  of  the  village  of  Shamokin,  it  displays 
itself  in  a  regular  arch  of  coarse  sandstone.  If  it  range  so  far,  it  must  pass  a  little  N.  of  the 
village.  Except  near  Coal  Run  Gap,  which  is  not  far  from  the  middle  of  its  length,  this  flexure 
is  everywhere  much  steeper  in  its  Southern  limb  than  in  its  Northern,  the  dips  in  the  former, 
for  some  2  miles  W.  of  the  Centre  turnpike,  being  between  55°  and  75°,  while  the  N.  dip  only 
amounts  to  about  10°,  So  likewise,  near  Shamokin,  the  S.  leg  of  the  arch  dips  30°,  and  the 
N.  leg  only  1 0°.  Opposite  Coal  Run  Gap,  however,  where  its  distance  from  the  Northern  axis  of 
Coal  Ridge  is  less,  the  influence  of  this  is  to  flatten  the  S.  dip  to  20°,  while  the  N.  dip  here 
amounts  to  30°.  The  direction  of  this  wave  is  singularly  parallel  with  that  of  the  crest  of  the 
mountain  N.  of  it. 

The  influence  of  this  central  anticlinal  in  lifting  the  bed  of  the  coal-basin,  and  in  throwing 
out,  or  causing,  by  exposure  to  denudation,  the  loss  of  some  of  the  higher  coals  which  would 
otherwise  have  occupied  the  bed  of  the  valley,  is  not  to  be  overlooked,  and  it  behoves  us  to 
ascertain,  if  possible,  what  the  highest  beds  are  which  have  been  left  to  saddle  over  it  at  the 
lowest  water-levels  which  intersect  it.  To  determine  this  for  all  parts  of  the  basin  would  not  be 
an  "easy  task,  but  expensive  experimental  shaftings,  conducted  under  my  direction,  have  enabled 
me  to  ascertain  that,  in  all  probability,  the  axis  north  of  Coal  Run  Gap  just  lifts  to  the  crown  of 
the  hill,  through  which  it  passes,  the  Coal  X.  of  the  basin.  But  whether  or  not  precisely  the 
same  part  of  the  Coal-measures  is  exposed  all  along  to  the  Eastward  is  doubtful,  since  a  mere 
difference  in  the  steepness  of  the  flexure,  and  therefore  in  the  depths  of  both  the  subordinate 
troughs  into  which  it  divides  the  basin,  may  make  a  material  diff"erence  in  the  number  of  coal- 
beds  preserved  or  washed  away  through  its  agency.  I  believe,  however,  that  very  nearly  the 
same  Coal-measm^es  will  be  found  to  ranse  along  this  axis  throughout  almost  its  entire  length 
from  W.  of  the  Turnpike  to  Shamokin  village. 

Axis  B  of  Basin  1 0. — ^ Another  secondary  anticlinal,  originating  at  the  base  of  the  Shamokin 
Mountain  N.E.  of  the  village,  lies  about  600  feet  N.  of  this  last.  This  flexure  is  distinctly  to  be 
seen  on  both  sides  of  the  Southern  entrance  of  Shamokin  Gap,  where  the  bridge  crosses  the 
stream,  there  forming  a  beautifully-regular  low  arch  in  the  coarse  sandstone  and  Pea-conglomerate 
which  overlies  the  Coal  X.  or  XI.  of  the  basin.  It  is  indicated,  likewise,  on  our  main  Shamokin 
Cross  Section,  1000  feet  or  so  N.E.  of  the  upper  edge  of  the  viUage.  Beyond  this,  to  the  East- 
ward, it  seems  by  its  bearing  to  encroach  slightly  upon  the  flank  of  the  mountain.  Between  the 
village  and  Shamokin  Gap,  we  may  perceive,  in  the  steepness  of  the  hill-side  N.  of  the  road,  the 
influence  of  this  axis  on  the  topography.  How  far  to  the  Westward  of  the  gap  this  flexure 
extends  I  have  at  present  no  data  for  determining,  but  as  the  flexure  is  a  gentle  one,  we  may 
infer  that  its  length  is  not  great. 

The  reader  will  be  much  assisted  in  following  the  foregoing  description  of  the  numerous 
secondary  anticlinal  flexures  and  basins  of  the  Shamokin  Coal-field,  by  consulting,  at  the  same 
time,  the  Map  of  the  coal  region,  and  the  5th  and  6th  Sections  on  Plate  lY.,  or  that  through 
Shamokin,  and  that  across  the  head-waters  of  Gerhart's  Run. 
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DESCEIPTION  OF  THE  COAL  -  MEASUEES  IN  COAL  EUN  BASIN  AND  AT  SHAMOKIN  GAP. 


The  fine  natural  section,  rendered  still  clearer  by  mining,  of  the  Shamokin  Gap,  a  cut  of 
which  is  here  presented,  illustrates  well  the  Coal-measures  of  the  Shamokin  Mountain  and  the 
Coal  Eun  Basin. 


Fig.  243. — Section  of  Shamokin  Mountain  at  Shamokin  Gap,  looking  E. — 1  hu-h  =  iOQ/eet. 


The  productive  Coal-measures  in  this  basin  appear  to  begin  on  the  E.,  in  the  very  summit  of 
the  synclinal  knob  in  which  the  basin  terminates,  and  the  first  or  lowest  coal  of  the  conglomerate 
series  occupies  the  crest,  or  even  a  bench,  high  on  the  N.  slope  of  the  Shamokin  Mountain, 
for  the  chief  part  of  the  distance  to  the  Shamokin  Gap.  Coals  have  been  shafted  in  these  positions 
just  W.  of  the  summit-level  of  the  Centre  Turnpike.  The  same  lower  coals,  or  those  within  the 
coarse  conglomerate,  must  outcrop  on  the  broad  summit  of  Coal  Kidge  for  a  distance  to  the  E.  of 
the  turnpike  ;  but  the  more  productive,  or  middle  and  upper  Coal-measures,  as  already  intimated, 
first  saddle  the  crest  of  the  mountain  about  half  a  mile  to  the  W.  of  the  road.  The  2d  coal- 
seam  generally  outcrops  in  a  bench  either  on  the  very  crest  of  the  mountain,  or  just  a  little  S.  of 
it,  the  3d  in  another  bench  usually  very  high  on  its  S.  slope,  and  the  4th  and  5th  in  terraces 
still  lower  down.  All  these  coals  lie  between  massive  strata  of  the  coarse  conglomerate  rock, 
of  which  the  main  body  and  crest  of  the  Shamokin  Mountain  consist. 

Coal  No.  I.  is  nowhere  more  than  2^  feet  thick;  Coal  II.,  where  opened,  contains  in  some  places 

6  feet  of  coal ;  and  Coal  III.,  about  125  feet  S.  of  it,  contains,  with  a  thickness  of  8  feet,  often  6  or 

7  feet  of  good  coal.  Coal  IV.,  at  a  distance  of  100  feet  S.  of  the  last,  exhibited  in  the  shafts 
opposite  Coal  Eun  Gap  a  thickness  of  6  feet,  and  promised  to  yield  about  A\  feet  of  coal ;  while 
Coal  v.,  distant  from  the  Coal  IV.  only  75  feet,  with  a  dip  of  45°  to  the  S.,  showed  a  thickness  of 
2-^  feet  at  the  points  where  it  was  best  exposed.  Nearly  all  these  beds,  apparently  in  full  develop- 
ment on  our  Sections  N.  of  Coal  Eun  Gap,  are  more  or  less  crushed  by  mechanical  j)ressure  at 
the  gap  of  Shamokin  Creek  further  Westward.  Comparing  this  group  of  five  coals  within  the 
Serai  conglomerate,  we  may  either  regard  the  lowest,  or  No.  I.,  as  the  equivalent  of  the  outside 
coal  of  Trevorton  or  Zerbe's  Gap,  called  0  of  that  series ;  or  we  may  consider  the  small  5th 
seam  as  an  additional  upper  coal  entering  the  conglomerate  group  Eastward  of  the  Shamokin 
Gap,  and  suppose  the  0  of  Trevorton  to  thin  out  altogether  before  coming  so  far  E. 

Ascending  in  the  series,  the  next  group  of  coals  consists  of  those  which  overlie  the  coarse  con- 
glomerates of  the  mountain,  which  are  limited  upward  by  a  well-marked  little  conglomerate 
stratum  of  small  pebbles.  This  group  generally  embraces  about  four  workable  seams,  and  in  all 
six  coals  of  notable  size.  The  lowest  of  these  usually  have  their  N.  outcrops,  or  the  N.  limits  of 
their  special  basins,  at  the  S.  foot  of  the  steep  slope,  or  upper  part  of  the  mountain  ;  in  other 
words,  at  the  upper  limit  of  the  long  inclined  plane  which  rises  from  the  bed  of  the  valley  to  the 
first  abrupt  acclivity  of  the  ridge ;  each  such  outcrop  is  indicated  by  an  obvious  depression  or 
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shelf  upon  the  side  or  at  the  base  of  the  mountain.  Descending  into  the  bed  of  the  basin,  these 
upper  coals,  or  those  of  the  softer  Coal-measures,  probably  six  or  seven  in  number,  where  the 
whole  are  present,  rise  again  in  the  anticlinal  flexure  of  the  middle  of  the  valley,  the  upper  ones 
cropping  out,  and  the  lower  ones  arching  the  axis.  Taking  another  dip,  they  trough  themselves  ' 
a  second  time  in  the  S.  or  immediate  valley  of  Coal  Eun,  to  rise  a  second  time  in  the  N.  flank  of 
Coal  Eun  Eidge,  either  to  outcrop  there,  or  to  saddle  in  turn  the  axes  of  that  mountain,  according 
to  the  part  of  the  basin  across  which  we  trace  them.  These  coals  do  not  appear  above  the  water- 
level  of  Coal  Eun  in  the  gap  at  the  W.  end  of  Coal  Eidge,  for  the  little  conglomerate  surmounting 
them  there  forms  the  interior  stratum  of  the  flat  anticlinal  arch.  To  the  Eastward  they  rise  and 
lap  over  the  axis  or  outcrop  on  both  slopes  of  the  ridge.  They  may  be  reached  by  the  ordinary 
method  of  mine  slopes,  by  stationary  power,  for  a  distance  of  some  3  miles  Eastward  from  Coal 
Eun  Gap.  The  middle  large  coals  of  this  group.  No.  VIII.,  for  example,  outcrop  on  the  summit 
of  the  Anticlinal  Mountain,  probably  between  our  Sections  No.  4  and  No.  3  of  the  Coal  Eim 
series.  The  lowest  coal  of  this  middle  group,  the  equivalent  of  No.  V.  of  the  Trevorton  Scale, 
outcrops  at  the  foot  of  the  upper  steep  declivity  of  the  Shamokin  Mountain,  while  on  Coal  Eun 
Eidge  it  lies  saddled  over  by  the  beds  above  it,  until  we  reach  the  neighbourhood  of  the  Centre 
Turnpike,  where  it  comes  out  to  the  day  near  the  anticlinal  axis.  It  is  probable  that  this  bed 
does  not  basin  out  Eastward  in  the  valley,  until  we  reach  a  point  a  mile  at  least  E.  of  the 
turnpike. 

The  next  large  coal  of  the  group.  No.  VIII.  of  the  whole  basin,  containing  about  6  feet  of 
good  coal  at  the  points  where  it  has  been  proved  or  mined,  is  one  of  the  productive  beds  at  the 
Shamokin  Gap.  To  this  succeeds  Coal  IX.,  apparently  the  Twin  Coal  of  Zerbe's  Gap.  In  the 
basin  before  us  this  is  in  reality  two  coals,  divided  by  an  argillaceous  sandstone  or  hard  sandy 
shale,  varying  from  1 5  to  1 8  feet  in  thickness  ;  the  lower  bed  at  the  Shamokin  Gap  being  6  feet 
thick,  while  the  upper  is  usually  about  7  feet ;  but  N.  of  Coal  Eun  Gap  the  upper  bed  has  8  feet 
of  coal  in  the  shafts,  and  the  lower  about  3  feet.  These  dimensions  are  the  smallest  under  which 
this  double  coal  usually  presents  itself,  and  in  the  basin  South  of  the  Coal  Eun  Valley  it  has  in  some 
places  14  and  even  20  feet  of  total  thickness  of  coal,  with  a  dividing  rock  thinned  down  to  only 
a  few  inches  of  slate.    On  the  Sunbury  Eailroad  E.  of  Shamokin,  and  therefore  S.  of  the  Coal 

  Eun  Basin,  the  coal-seams  VIII.  and  IX.  have  their  dimensions  and  diAdsions 

irfiSSi^a      shown  in  the  annexed  cut. 

The  upper  or  third  group  of  coals,  or  that  which  overlies  the  so-called  little 
■■■■I  ^ "  conglomerate,  embraces,  where  the  formations  are  fullest  in  the  coal-field,  about 

6G  ^^^^^^H 

,  ^  ^^^3. 2  0  fi'^s  seams,  of  a  thickness  of  3  or  more  feet  each  ;  some  of  these  take  their  place  in 
the  middle  of  the  Southern  trough  of  the  Coal  Eun  Basin,  or  that  between  Coal 
J-""'  Eidge  and  the  anticlinal  axis  of  the  middle  of  the  valley;  but  they  cannot 
'  °  '^^SH  0  6  ascend  the  basin  Eastward  any  considerable  distance  beyond  where  they  have 
*  ^  '^HH      been  shafted  on  and  proved,  between  our  Cross  Sections  Nos.  2  and  3  of  Coal 
^^^^      Eun,  or  perhaps  a  mile  above  Coal  Eun  Gap.    The  lowest  beds  of  this  group 

Fig.  244.  — Coals  VIII.  '        r         1  1  or 

■  arch  over  the  flat  anticlinal  of  Coal  Eun  Eidge  at  Coal  Eun.    The  upper  seams 

Kailroad  E.  of  Shamo-  o  ^  ^  _ 

'^'i-  pertain  probably  to  the  base  of  the  Eed-Ash  Coal-measures  of  the  Pottsville  Basin, 

and  the  lower  ones  are  on  the  horizon  of  the  Grey-Ash  coals.  It  would  appear  that  there  are  in 
all,  in  the  deeper  parts  of  the  Coal  Eun  Basin,  at  least  some  fifteen  or  sixteen  coal-seams  of  notable 


COALS  IN  COAL  RUN  BASIN. 


301 


dimensions,  more  than  half  of  which  are  of  a  size  and  quality  fitting  them  to  be  extensively 
mined. 

Estimate  of  the  Coals  in  Coal  Run  Basin. — The  Coal  Eun  Basin  has  a  length  of  rather  more 
than  4^  miles,  and  an  average  breadth,  measured  from  the  anticlinal  summit  of  Coal  Run  Ridge  to 
the  crest  of  the  Shamokin  Mountain,  of  about  4500  feet.  In  estimating  the  extent  of  each  separate 
coal-bed  within  this  basin,  it  must  be  borne  in  mind  that  those  which  are  undermost  in  the 
strata  occupy  the  whole  of  this  breadth,  and  range  lengthwise  along  its  entire  course.  Each  of 
these,  therefore,  fills  an  area  of  at  least  3  square  miles.  The  other  coals,  which  are  higher  in  the 
series,  are  somewhat  more  circumscribed  as  respects  both  the  breadth  and  the  length  of  the  troughs 
which  they  form,  for,  reposing  in  concentric  basins,  their  outcrops  or  margins  lie  successively  nearer 
and  nearer  the  bed  of  the  valley.  Nevertheless,  I  am  disposed  to  compute  the  average  areas  of  the 
large  coals  w^hich  next  overlie  the  conglomerate  series  of  the  mountain  at  not  less  than  2^  square 
miles.  These  have  their  Northern  outcrops  close  under  the  base  of  the  steep  flank  of  the  Shamokin 
Mountain  on  the  one  side  of  the  basin,  while  on  the  other,  in  Coal  Run  Ridge,  they  spread  to  the 
anticlinal  itself,  excepting  only  where  this  lifts  to  the  surface  the  mountain  conglomerate  in  the 
vicinity  of  the  central  turnpike  and  Eastward.  As  to  the  space  occupied  by  the  upper  coals — 
namely,  those  exposed  in  drifts  and  shafts  in  the  gap  of  Coal  Run  Ridge,  near  the  anticlinal — 
a  careful  tracing  of  their  outcrops  or  edges  clearly  shows  that  these,  in  their  turn,  cover  an  area 
of  at  the  least  1^  square  miles. 

Combining  with  the  foregoing  elements  of  area  or  superficial  extent,  a  review  of  the  avail- 
able thicknesses  of  the  several  coals,  it  will  be  easy  to  frame  a  very  reliable  approximate  calculation 
of  the  quantity  of  coal  contained  in  each  bed  or  group  of  beds,  and  compute  with  some  precision 
the  total  amount  embraced  within  the  whole  basin. 

In  passing  to  the  consideration  of  the  dimensions  of  the  various  coal-beds  of  this  basin,  I  wish 
it  to  be  distinctly  known  that  the  measurements  here  given  relate  to  the  good  or  available  coal 
which  they  contain,  as  deduced  from  a  comparison  generally  of  several  or  even  many  openings 
made  on  each  seam  at  distant  points. 

To  present  the  full  thicknesses  of  the  beds  without  adequate  reduction  being  made  for  the 
slaty  coal,  slate,  and  fireclay  generally  contained  in  more  or  less  amount  in  all  our  anthracite 
seams,  is  to  commit  a  serious  and  unwarrantable  exaggeration.  Adopting  the  ascending  order, 
we  begin  with 

The  1st  Coal. — This  seam  has  its  outcrop  near  the  very  crest  of  the  Shamokin  Mountain, 
being  the  lowest  of  the  conglomerate  series.  As  exposed  by  shafting,  it  is  about  2^  feet  thick, 
and  may  contain  2  feet  of  good  coal. 

Though  it  underlies  the  entire  basin,  and  may  very  possibly  expand  in  some  localities  to  more 
profitable  dimensions,  I  shall  exclude  it  altogether  from  my  estimate  of  the  workable  coal.  The 
next  discovered  bed,  which  I  shall  call 

The  2d  Coal,  is  a  mass  of  excellent  fuel,  measuring  between  its  fireclay  floor  and  its  roof  of 
slate  about  7  feet.  It  contains,  where  it  has  been  opened,  6  feet  of  marketable  coal.  This  bed 
has  its  N.  outcrop  on  the  brow  of  the  mountain,  and  underlies  the  whole  extent  of  the  basin. 

The  3d  Coal  outcrops  on  the  next  conspicuous  bench  or  terrace  on  the  S.  flank  of  Shamokin 
Mountain,  about  125  feet  further  S.,  and  basins  with  the  other  conglomerate  coals,  the  two  below 
it,  and  the  two  above  it,  under  the  whole  breadth  and  length  of  the  Coal  Run  Valley,  and  also  the 
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valley  of  tlie  North  Branch  of  Shamokin  Creek.  Tliis  coal,  on  Shamokin  Mountain,  measures  8 
feet  between  a  floor  of  fireclay  and  a  roof  of  slate,  contains  a  dividing-slate  of  not  6  inches  in 
thickness,  and  possesses  as  mucli  as  7  feet  of  good  coal. 

The  ith  Coal  has  its  outcrop  on  the  Shamokin  Mountain,  usually  about  75  or  100  feet  S.  of 
the  3d,  and  on  a  less  conspicuous  bench.  It  there  shows  an  average  thickness  of  about  6  feet, 
but  usually  contains  a  thin  band  of  slate,  and  frequently  a  layer  of  rough  and  slaty  coal,  which 
reduce  its  available  productiveness  to  about  4^  feet.  On  the  most  Western  line  of  shafts,  near 
the  outlet  of  Coal  Eun,  it  exposes  a  thickness  of  7  feet,  and  of  this  6  feet  is  fair  coal.  I  shall 
count  it  at  4^  feet. 

The  5th  Coal  is  distant  from  the  4th  not  more  than  75  feet,  dipping  45°  to  the  S.  vnth.  the 
rest.  It  holds  a  slightly  lower  depression  on  what  may  be  viewed  as  the  terrace  of  its  com- 
panion, the  4th.  It  is  only  2-^  feet  thick  at  the  points  where  it  has  been  best  exposed,  and  though 
probably  larger  in  some  localities,  is  not  of  such  size  or  quality  as  to  warrant  its  admission  into 
our  present  careful  estimate  of  productive  quantity. 

All  of  these  coals  lie  between  beds  of  the  conglomerate  rock,  which  form  the  main  mass  and 
crest  of  the  Shamokin  Mountain,  and  the  interior  of  Coal  Run  Eidge,  and,  indeed,  the  general 
base  of  the  whole  coal-formation.  In  the  region  of  Zerbe's  Gap,  near  Trevorton,  this  division 
of  the  Coal-measures  exposes  four  of  the  five  coals  here  described,  in  perhaps  their  maximum 
dimensions,  for  tliey  are  there  from  6  to  1 1  feet  in  thickness  throughout  a  distance  of  several  miles. 
The  same  four  beds  appear  to  be  squeezed,  at  Shamokin  Gap,  by  the  mechanical  pressm-e  which 
attended  the  uplifting  of  the  strata  ;  but  E.  of  that  probably  somewhat  dislocated  portion  of  the 
mountain,  where  the  excavating  waters  made  their  breach,  these  coals  resume  their  regular  or 
natural  size,  approximating  to  that  exhibited  in  the  more  W.  tracts  of  the  basin. 

'  The  small  fifth  seam  of  the  j)resent  enumeration  appears  to  be  an  additional  coal,  which 
enters  the  conglomerate  group  E.  of  Shamokin  Gap. 

Assigning  to  them  their  truly  available  thiclmesses,  we  find  them  to  contain  the  following 
quantities  of  coal  per  acre  : — • 

The  2d  Coal  of  the  series,  with  G  feet  thickness  of  good  coal,  will  yield  10,000  tons  per  acre. 
The  3d  Coal,  computed  at  7  feet  of  good  coal,  will  afford,  say       .       11,500  „ 
The  4th  Coal,  counting  it  at  4^  feet,        ....         7,500  „ 
Making  a  total  product  of  29,000  tons  per  acre  from  the  three  seams. 

Calculating  from  these  data  and  their  average  areas  within  the  basin,  I  find  their  total  amount 
in  coal  to  be  equivalent  to  more  than  42,000,000  of  tons. 

The  whole  of  this  vast  quantity  is  not,  however,  to  be  considered  as  available  for  profitable 
mining.  Though  no  portions  of  these  beds  descend  to  a  depth  which  is  not  economically  accessible 
even  at  the  present  day,  yet  a  certain  amount  of  their  coal  will  inevitably  be  irreclaimable  from 
the  presence  of  irregular  local  undulations  in  tlie  strata  squeezing  and  nipping  out  the  coal,  or 
rendering  it  unfit  for  the  market.  All  experience  teaches  that,  after  adding  to  this  source  of 
waste  that  which  attaches  to  the  present  imperfect  method  of  coal  mining,  by  which  a  portion, 
more  or  less  considerable,  of  otherwise  good  coal  is  left  in  the  mines,  or  destroyed  for  use,  a 
reduction  of  not  less  than  33  per  cent  will  arise  on  the  total  quantity  of  good  fuel  in  every  such 
constructed  coal-field.    The  basin  before  us  promises  to  present  but  few  faults,  and  as  large  a 
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proportion  of  sound  coal  as  the  soundest  basins  of  the  anthracite  region  ;  yet  some  l:)ruised  coal 
must  occur  where  the  strata  dip  as  steeply  as  45°,  which  is  about  their  highest  inclination  on 
the  flanks  of  the  valley. 

We  come  next  to  the  set  of  coals  immediately  above  the  conglomerate  series.  These,  if  we 
divide  the  whole  formation,  as  here  developed,  arbitrarily  into  three  parts,  form  our  second  group, 
for  which  I  propose  the  main  conglomerate  mass  as  the  lower  limit,  and  an  overlying  thinner 
conglomerate  of  small  pebbles  as  the  upper.  The  part  of  the  coal  strata  between  these  two  hori- 
zons includes,  in  the  district  before  us,  as  many  as  eight  separate  beds  of  coal,  four  of  which  are 
usually  of  large  dimensions,  and  two  others  generally  of  such  size  as  to  admit  of  economical 
mining.  The  outcrop  or  rise  to  the  surface  on  the  N.  side  of  the  basin  is  at  the  inner  or  S.  foot 
of  the  steep  slope  or  upper  part  of  the  Shamokin  Mountain  ;  that  is  to  say,  at  the  upper  limit  of 
the  long-inclined  plane  which  extends  from  the  bed  of  the  valley  to  the  first  abrupt  acclivity  of 
the  ridge.  The  place  of  each  is  marked  by  a  separate  and  discernible,  though,  to  an  unpractised 
eye,  not  an  obvious  depression  in  the  ground. 

Dipping  thence  under  the  bed  of  the  valley  of  Coal  Euu,  they  reascend  on  its  S.  side,  and 
take  their  places  on  or  in  the  N.  flank  of  Coal  Run  Ridge.  These  coals  do  not  appear  above  the 
water-level  immediately  at  the  gap  near  the  W.  end  of  Coal  Run  Ridge,  inasmuch  as  the  little 
conglomerate  which  surmounts  them  forms  the  interior  stratum  of  the  anticlinal  arch  at  that 
place  ;  but  E.  they  rise  successively,  and  lap  themselves  over  the  axis  of  the  mountain  without 
emerging  to  the  surface,  while  still  further  in  the  same  direction  they  come  forth  to  the  day  one 
after  the  other  on  the  very  crest,  and  there  each  parts  into  two  outcrops,  one  to  take  its  appro- 
priate terrace  high  on  the  S.  flank,  the  other  a  similar  bench  on  the  N.  These  middle  large  coals 
thus  emerge  on  the  summit  of  the  mountain  between  Section  No.  2  and  Section  No.  5,  a  space 
of  about  3^  miles,  throughout  which  they  are  all  accessible,  and  have  high  working  breasts. 

They  can  be  easily  entered,  especially  on  the  N.  side  of  Coal  Run  Ridge,  l^y  a  short  tunnel 
penetrating  Southward  low  on  the  slope  of  the  hill ;  and  when  opened  in  that  way,  will  each 
present  a  very  long  and  increasing  breast  of  coal,  dipping  at  not  more  than  an  average  inclination 
of  45°  Northward  into  the  Coal  Run  Basin  ;  or  they  may  be  very  successfully  commanded  by 
the  ordinary  mode  of  slope-working,  with  stationary  power  at  their  outcrops  on  either  side  of  the 
valley.  Their  distance  below  the  surface,  even  in  the  centre  of  the  basin,  is  not  great.  I  question 
if  it  exceeds  400  feet  in  favourable  spots.  Their  position  at  so  moderate  a  depth,  and  their 
gradual  dip  from  both  sides  of  the  valley  to  the  centre,  and  also  longitudinally  for  several  miles 
towards  the  outlet  of  the  valley,  are  features  which  strongly  suggest  the  expediency  of  mining 
these  beds  of  coal  by  a  vertical  shaft  in  the  manner  of  the  larger  European  collieries.  The  proper 
situation  for  a  pit  intended  as  an  outlet  to  this  middle  series  of  coals,  would  be  somewhere  in  the 
middle  of  Coal  Run  Valley,  a  mile  or  more  to  the  Eastward  of  the  gap,  where  their  Eastward 
rise  brings  them  to  an  easily-penetrated  depth  beneath  the  surface.  Such  a  pit  would  not 
perforate  any  beds  of  resisting  conglomerate,  but  would  pass  through  soft  shales,  and  the  readily- 
drilled  sandstones  separating  the  coals. 

I  know  of  no  spot  in  all  the  anthracite  fields  of  Pennsylvania  where  a  colliery  on  a  colossal 
scale,  upon  this  only  efiicient  plan  for  a  large  and  concentrated  mining  enterprise,  could  be  more 
economically  erected.  A  single  pit  of  altogether  manageable  depth  could  be  made  to  command 
and  dram  each  concentric  basin  of  three  or  four  large  coal-seams,  from  their  lowest  points  upwards 
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to  tlieir  outcrops  on  hoth  sides  of  the  valley,  and  Eastward  for  3  or  4  miles  to  the  running-out 
lengthwise  of  each  of  their  superposed  troughs.  This  desirable  method  of  winning  the  coal  on  the 
few  large  estates  which  offer  the  requisite  facilities  in  the  geological  position  of  their  coal-beds,  is 
only  to  be  undertaken  by  such  as  are  willing  to  invest  a  fair  amount  of  capital  at  the  outset ; 
but  if  judiciously  organised,  must  prove,  I  am  very  confident,  by  far  the  least  precarious,  most 
easily  conducted,  and  most  permanently  profitable  of  any  known  methods  of  mining  adaptable 
to  our  coal-fields. 

The  lowest  coal  of  this  middle  group,  the  6th  Coal  of  our  present  enumeration,  called  Coal 
No.  V.  in  the  Trevorton  portion  of  the  general  basin,  has  its  outcrop  in  the  Coal  Run  Basin  at  the 
foot  of  the  first  steep  declivity  of  Shamokin  Mountain,  and  lies  high  in  the  interior  of  Coal  Run 
Ridge,  on  the  very  crest  of  which  it  rises  out  to  the  day  in  the  neighbourhood  of  the  central 
turnpike.  It  follows  the  Coal  Run  Basin  to  its  E.  extremity  one  mile  at  least  E.  of  the 
turnpike.  It  occupies,  therefore,  an  area  of  considerably  more  than  2^  square  miles,  or  1600 
acres.  Its  average  thickness  is  between  10  and  12  feet.  On  the  slope  of  Shamokin  Mountain, 
one  mile  E.  of  Coal  Run  Gap,  it  measures  11  feet,  and  contains  less  than  1  foot  of  slate  and 
impure  coal.  The  rest  of  the  bed  is  excellent  coal.  On  the  summit  of  Coal  Run  Ridge,  one  or 
two  miles  further  E.,  its  size  is  about  10  feet ;  and  one  mile  E.  of  Mount  Carmel,  the  same  coal 
has  a  thickness  of  12  feet,  and  is  very  pure.  I  am  therefore  perfectly  within  bounds  in  assign- 
ing to  this  seam  9  feet  of  marketable  coal,  or  15,000  tons  per  acre  for  all  that  part  of  the  basin 
which  it  underlies. 

The  8th  Coal  of  the  formation,  though  containing  about  6  feet  of  coal  at  Shamokin  Gap, 
where  it  is  mined,  has  been  less  thoroughly  explored  than  the  other  large  masses,  and  I  hesitate 
to  assume  it  as  yielding  generally  6  feet  of  merchantable  fuel.  There  can  be  no  doubt,  however, 
that  its  average  product  will  exceed  4^  feet,  or  7500  tons  per  acre. 

The  9tk  Coal  of  the  formation  in  the  Coal  Run  field,  the  Twin  Coal  of  the  Trevorton  end  of 
the  region,  is  here,  as  very  generally  it  is  elsewhere,  an  admirably  pure  coal,  and  of  large 
dimensions  and  great  persistency  of  quality  and  features.  In  the  locality  now  under  review  it 
is  properly  two  coals,  separated  by  a  stratum  of  sandstone  or  sandy  shale  of  from  15  to  17 
feet  in  thickness.  The  lower  bed  has  at  Coal  Run  Basin  the  size  of  9  feet,  and  contains 
8  feet  of  excellent  fuel ;  the  upper  is  4  feet  thick,  and  may  be  relied  on  for  a  3-feet  thick- 
ness of  good  coal,  giving  the  Twin  mass  1 1  feet  of  available  material ;  but  I  am  disposed  to  rely 
only  on  the  large  bed,  whose  contents  are  equal  to  more  than  13,000  tons  per  acre.  The 
dimensions  here  cited  are  the  smallest  under  which  this  bed  has  been  found.  Developments 
made  in  some  places,  especially  in  the  basin  S.  of  Coal  Run  Ridge,  and  in  that  S.  of  Red  Ridge, 
exhibit  a  coal  identical  in  all  probability  with  this  one,  but  materially  thicker.  The  bed  referred 
to  has  been  opened  on  the  M^Call  Lands,  one  mile  E.  of  Mount  Carmel,  making  a  display  of  22 
feet  of  material  between  the  roof  and  floor,  with  only  7  inches  of  slate  in  it,  and  8  inches  of 
inferior  or  bone  coal.    It  there  contains  more  than  20  feet  of  excellent  anthracite. 

I  refrain  from  presenting  at  the  present  time  any  estimate  of  the  fourth  main  coal  of  the 
middle  group,  as  this  seam  has  not  been  yet  sufiiciently  identified  and  traced  to  furnish  the 
elements  of  an  accurate  and  safe  calcidation.  Though  in  many  localities  a  stratum  of  noble 
dimensions,  it  is  somewhat  inconstant  in  size,  and  is  apt  to  subdivide  itself  by  including  slate 
and  other  materials. 
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Eejecting  also  for  the  present  the  four  remaining  smaller  beds  of  this  series  as  not  susceptible, 
until  better  explored,  of  very  precise  determination  as  to  their  amounts  of  available  coal,  I  shall 
pass  on  to  consider  the  chief  seams  of  the  higher  or  third  division  of  the  formation,  or  that 
part  which  overlies  the  so-called  Little  conglomerate. 

In  this  group  we  have  established,  as  already  indicated,  the  existence,  and  traced  with  more 
or  less  accuracy,  the  outcrops  of  five  coal-seams  of  3  feet  and  more  in  thickness,  and  there  are 
reasons  for  admitting  one  or  two  other  beds  of  workable  dimensions  into  the  series.  The  coals 
now  before  us  take  their  place  for  the  chief  part  in  the  valley.  In  Coal  Run  Basin,  the  upper 
seams  spread  themselves  with  gentle  dips  from  both  sides  under  the  broad  and  nearly  flat  bed 
of  the  Western  portion  of  the  vaUey.  These  are  chiefly,  if  not  all  of  them,  Red-Ash  coals. 
The  lower  beds  of  the  group  ascend  the  flanks  of  the  anticlinal  ridges  where  these  are  low  or 
subsiding,  and  there  arch  themselves  over  their  crests  in  bold  and  regular  anticlinal  curves. 
Such  is  the  attitude  held  by  the  two  largest  and  lowest  of  the  series  at  the  three  several  anti- 
clinal notches — that  of  Coal  Run  Gap  in  Coal  Run  Ridge,  that  of  Shamokin  Creek  in  Red 
Ridge,  and  that  of  the  same  stream  in  Jamie's  Ridge,  At  each  of  these  points  these  two 
important  coals  present  themselves  on  the  two  opposite  flanks  of  the  ridges,  offering  the  easiest 
conceivable  access  to  fair  and  even  ample  breasts  of  coal  above  the  water-level.  As  the  higher 
beds  are  of  inferior  size,  and  of  more  restricted  areas  and  less  lifted  position,  I.shaU  confine 
myself,  in  the  present  description  and  estimate,  to  the  two  lower  ones  before  us. 

The  first  in  ascending  order,  resting  at  an  interval  of  seldom  more  than  20  feet  above  the 
Uttle  conglomerate,  which  divides  this  inferior  from  the  middle  group  of  coals,  is  an  admirably  pure 
and  clear  coal,  of  very  ample  dimensions.  It  is  about  the  1 3th  bed  of  noticeable  size  in  the  coal- 
formation.  In  the  W.  end  of  the  Shamokin  Basin,  where  it  is  the  highest  coal  there  preserved,  it 
frequently  exhibits  a  total  thickness  of  6  or  7  feet,  but  it  is  there  usually  divided  by  a  layer  of  sandy 
shale  or  sandstone,  a  foot  or  two  in  size.  Eastward  from  Shamokin,  the  proportion  of  good  coal  in  it 
seems  to  augment,  for  at  Coal  Run  Gap  it  contains,  in  a  thickness  of  7  feet,  more  than  6  feet  of  fuel 
of  a  quality  unsurpassed,  and  in  the  middle  and  Eastern  districts  of  the  Coal  Run  and  North  Shamo- 
kin basins  a  considerably  greater  amount.  In  the  anticlinals  of  Red  Ridge  and  Jamie's  Ridge,  at  the 
passage  of  the  North  Branch  of  Shamokin  Creek  through  them  (see  the  wood  engraving,  fig.  241), 
this  excellent  bed  attains  the  size  of  1 4  feet,  and,  holding  about  this  magnitude,  it  follows  both 
flanks  of  each  of  these  ridges,  and  gradually  rises  to  the  Eastward  in  the  two  basins  which  these 
ridges  and  Coal  Run  Ridge  include  between  them.  Of  this  coal  a  very  ample  proportion  holds 
a  position  above  the  water-levels  of  the  gaps  already  mentioned  as  intersecting  it.  It  can  there 
be  entered  endwise,  and  mined  Eastward  and  Westward  on  both  the  N.  and  the  S.  dips  of  the 
anticlinals,  making,  in  fact,  at  each  of  these  three  natural  inlets  to  it,  four  separate  collieries  of 
more  than  the  average  scale  of  productiveness,  susceptible  of  ready  expansion  in  future  years 
by  the  method  of  underground  slope-pits.  I  will  not  at  present  pretend  to  ofier  a  calculation  of 
the  total  quantity  of  good  coal  in  this  valuable  seam,  nor  even  of  the  large  quantity  accessible 
above  the  lowest  water-levels  at  the  bases  of  the  hills  into  which  it  rises,  but  I  am  able  to 
produce  a  pretty  safe  approximate  estimate  for  the  Coal  Run  Basin  and  the  W.  end  of  Coal  Run 
Ridge.  The  extensive  researches  undertaken  in  quest  of  this  coal,  and  its  companion  seam 
above  it,  by  lines  of  shafting  across  the  Western  end  of  the  basin,  and  over  the  flanks  and  crest 
of  the  ridge,  permit  me  to  estimate  with  confidence  its  minimum  ascertained  thickness  of  pure 
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coal  at  about  G  feet  in  Coal  Run  Basin  and  Ridge.  We  have  here  not  less  than  Ten  Millions  of 
tons  of  excellent  anthracite. 

The  next  and  last  coal  to  which  I  shall  specially  refer,  the  14th  Coal  of  our  general  series, 
overlies  that  above  described  at  an  interval  of  about  50  feet.  Like  its  lower  companion,  it  is 
a  beautifully  pure  mass  of  fuel,  but  its  prevailing  thickness  is  less  than  that  of  its  mate.  At  the 
gap  in  Coal  Run  Ridge  it  measures  in  all  6  feet,  and  may  be  estimated  as  yielding  throughout 
the  region  4^  feet  of  good  coal.  It  admits  of  the  same  facilities  in  mining  which  belong  to  the 
larger  coal  near  it,  rising  in  extensive  breasts  above  the  water-levels  of  the  country.  Occupying 
about  the  same  area,  say,  in  the  basin  and  ridge  of  Coal  Run  alone  1000  acres,  of  which  an 
extensive  portion  can  be  reached  without  a  shaft,  or  slopes,  or  even  a  tunnel,  and  indicating  an 
average  product  of  certainly  7500  tons  per  acre,  it  promises  to  contain  not  less  than  7,500,000 
of  good  fuel,  and  to  afford  by  mining  a  nett  yield  of  fully  5,000,000  of  tons  from  the  one 
district  here  designated.  These  two  coals,  thus  defined,  seem  to  constitute  the  uppermost  of 
the  main  Avorkable  beds  of  the  true  White-Ash  class  in  this  part  of  the  Shamokin  coal-region. 
Above  them  in  the  series  we  soon  enter  a  group  of  beds,  which  furnish  pinkish-grey  and  red 
ashes.  Two  or  three  of  these  occur  in  the  middle  of  the  Coal  Run  Basin,  and  are  to  be  met 
with  in  the  other  deeper  tracts  of  the  coal-field ;  but  as  their  limits  have  not  yet  been  traced  with 
the  requisite  precision,  I  refrain  from  attempting  a  description  of  them.  While  the  coals  here 
described  are  as  easily  ignited  as  the  chief  part  of  the  free-burning  Red-Ash  class  are  known  to 
be,  they  possess  the  very  important  superiority  for  the  leading  uses  to  which  anthracite  is 
applied  as  a  fuel,  of  producing  a  comparatively  infusible  white  ash,  thus  exempting  the  furnace- 
grate  from  the  large  share  of  clinker  or  stony  slag  which  is  so  mischievous  in  a  strong  fire  of 
Red-Ash  coal.  These  coals  ignite  readily,  and  consume  very  rapidly  under  a  suflicient  draft. 
This  adapts  them  well  for  all  purposes  of  speed  and  power  :  while  some  of  them  are  sufficiently 
firm  to  take  any  shape,  and  to  bear  the  roughest  handling,  other  beds  are  unprofitably  soft  or 
tender.    They  are,  as  already  intimated,  3  feet  and  more  in  thickness. 

Thus  we  learn  that  there  are  in  all  some  seventeen  or  eighteen  coal-beds  of  notable  dimen- 
sions in  the  coal-field  E.  of  Shamokin,  and  that  eleven  or  twelve  of  this  number  are  of  such 
magnitude  and  average  soundness  as  to  warrant  confident  anticipations  of  their  fitness  for 
mining.    Of  these,  four  or  five  are  of  a  bulk  and  excellence  not  generally  met  with. 


CHAPTER  II. 

STRUCTURE  AND  CONTENTS  OF  THE  COAL-FIELD  BETWEEN  SHAMOKIN  GAP 
AND  THE  WESTERN  EXTREMITY  OF  THE  BASIN. 

That  portion  of  the  coal-field  which  lies  between  Carbon  Run  and  the  crest  of  the  Mahanoy 
Mountain  having  been  already  illustrated  in  detail,  I  proceed  now  to  take  up,  in  continuation  of 
the  central  and  Northern  basins,  the  district  which  is  occupied  by  Carbon  Run.  It  extends  from 
this  stream  to  the  crest  of  the  Shamokin  Mountain.  Of  this  valuable  portion  of  the  coal-field 
extremely  little  is  specifically  known,  in  respect  either  to  its  structure  or  its  coal,  no  portion  of  it, 
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except  that  bordering  on  the  Shamokin  Creek,  having  been  as  yet  explored  by  any  systematically- 
organised  surface-shafting,  or  by  mining.  Even  its  subordinate  Hexures,  the  tracing  of  which 
can  only  be  effected  through  a  well-conducted  opening  of  its  coal-beds,  remain  to  be  discovered 
and  located.  I  must  therefore  content  myself  with  a  meagre  and  general  description  of  all  this 
tract.  Passing  the  summit  of  the  watershed  which  separates  Carbon  Eun  from  Zerbe's  Eun,  we 
enter  upon  ground  which  has  been  extensively  and  successfully  explored,  and  from  this  point  to 
the  end  of  the  basin,  a  distance  of  some  5  miles,  a  very  satisfactory  picture  can  be  given  of  its 
interestinsr  structure  and  its  vast  resources. 

The  N.  half  of  the  coal-field,  or  that  which  lies  between  Carbon  Eun  and  the  summit  of  the 
Shamokin  Mountain,  is  evidently  traversed,  like  the  district  intersected  by  the  Shamokin  Creek, 
by  several  anticlinal  flexures,  the  prolongations  of  those  which  are  so  conspicuous  further  E.,  and 
which  are  indicated  on  our  main  Section  through  the  village  of  Shamokin.  These  undulations 
are  not  traceable  in  detail  W.  of  the  meridian  of  Shamokin  Gap,  as  this  district  has  not  as  yet 
received  much  development  :  but  it  is  apparent  that  the  second,  fourth,  and  fifth  anticlinals 
S.  of  Shamokin  extend  a  considerable  distance  into  it.  It  is  obvious,  however,  that  some  of  the 
half-dozen  axes  which  pass  into  this  side  of  the  coal-field  W.  of  the  Shamokin  Creek  expire  before 
they  reach  the  sources  of  Carbon  Eun,  where  the  structure  of  the  basin  is  manifestly  more  simple. 
It  would  appear  that  these  Northern  undulations  maintain  an  average  direction  very  nearly 
parallel  with  the  crest  of  the  Shamokin  Mountain  ;  they  must  therefore  converge  at  a  very  acute 
angle  upon  the  Mahanoy  Mountain,  as  they  pass  the  watershed  of  Carbon  Eun,  precisely  as  we 
have  already  seen  those  S.  of  that  stream  run  into  this  ridge.  At  the  watershed  which  divides 
Carbon  Eun  from  Zerbe's  Eun,  the  general  basin  contains  apparently  only  three  anticlinal  axes, 
some  of  the  others  having  died  away,  or  one  or  two  of  the  more  Southern  ones  having  smoothed 
themselves  out  into  the  N.  dips  of  the  S.  side  of  the  basin.  Passing  the  meridian  of  Zerbe's  Gap, 
we  discover  that  the  most  Southern  of  these  three  has  thus  disappeared  on  the  N.  slope  of  the 
Mahanoy  Mountain,  so  that  the  narrow  end  of  the  basin,  or  that  watered  by  the  West  Branch  of 
Zerbe's  Eun,  presents  but  two  undulations,  until  at  last,  towards  the  Western  source  of  that  stream, 
the  more  Southern  of  these  two  remaining  ones  flattens  away  in  a  similar  manner  as  it  draws 
near  the  Southern  Mountain,  leaving  the  N.  axis  alone  to  approach  the  head  of  the  basin,  which 
it  does  not  reach.  It  would  thus  appear  that  every  one  of  the  anticlinals  of  the  Shamokin  Coal- 
field, some  fourteen  in  number  at  the  least,  where  Buck  Eun  and  the  Shamokin  intersect  the 
valley,  either  runs  into  the  N.  flank  of  the  Mahanoy  Mountain,  or  dies  away  within  the  basin 
while  converging  towards  it. 

The  coal-seams  N.  of  Carbon  Eun  have  nowhere  been  fairly  shafted  on  or  opened  for  mining, 
except  at  a  locaHty  between  that  stream  and  Furnace  Eun,  a  little  W.  of  Shamokin  Gap  ;  there 
the  Coal-measures  have  been  carefully  explored  in  the  Sub-basins  a,  h,  and  c  of  Basin  9 ;  and  it 
has  been  ascertained  that  the  top  bed  identified  is  the  sixteenth  in  the  ascending  series,  or  the 
third  above  Eosser's  Vein,  which  appears  to  be  the  thirteenth.  Several  of  these  coal-seams  are 
of  ample  thickness  for  mining,  and  some  of  them,  notwithstanding  a  prevailing  steepness  in  the 
dips,  give  promise  of  being  profitable. 

COAL-BEDS  ON  THE  SCOTT  AND  HUNTER  TEACTS  SOUTH  OF  CAEBON  EUN. 

These  lands  are  situated  W.  of  Mowray's  Eun  on  the  N.  slope  of  the  Mahanoy  Mountain,  and 
are  traversed  by  the  anticlinal  No.  7,  and  the  subordinate  flexures  N.  and  S.  of  it.  A  correct  notion 
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of  the  general  condition  of  the  coals  which  the}^  contain,  their  undulations,  and  rapid  alternations 
of  dip,  may  be  had  from  an  inspection  of  the  two  printed  Sections  illustrating  the  corresponding 
part  of  the  coal-field  on  Gerhart's  Kun  and  on  Buck  Run.  (See  Section  from  Shamokin  to  Locust 
Mountain.)  This  portion  of  the  S.  side  of  the  coal-field  (and  the  remark  applies  to  the  whole 
belt  as  far  W.  as  the  source  of  Carbon  Run)  is  composed  simply  of  six  or  seven  slender  parallel 
troughs  of  the  coal-strata,  embracing  a  greater  and  increasing  depth  of  the  formation  from  the  top  of 
the  mountain  down  its  long  flank  to  the  bed  of  Carbon  Run,  each  individual  trough  rising  W., 
and  gradually  flattening  or  losing  itself  in  the  prevailing  N.  dip  of  the  strata  towards  the  summit. 
West  of  Mowray's  Run,  the  total  ascent  from  the  bed  of  Carbon  Rim  to  the  summit  of  the 
mountain,  which  is  a  distance  of  nearly  one  mile,  is  about  790  feet. 

The  coal-seams  experimentally  opened  by  shaftings  in  this  neighbourhood,  at  the  date  of 
our  observations  (1854),  were  eleven  in  number,  and  three  of  these  are  of  important  thickness. 
The  thinnest  of  these  workable  beds.  No.  V.  of  the  general  series  of  the  Shamokin  Basin,  is 
from  4^  to  6  feet  thick  when  regular  ;  the  next  large  bed  No.  VIII.  contains,  when  regular, 
about  9  feet  of  good  coal ;  and  the  third  important  seam,  or  Coal  IX.  of  the  series — the  Rennie 
Coal  of  Zerbe's  Gap — is  not  less  than  1 8  feet  thick. 

The  coals  of  this  part  of  the  coal-field  belong  to  the  class  of  soft  White- Ash  anthracite, 
intermediate  in  specific  gravity  and  hardness  between  the  denser  and  firmer  coals  E.  of 
Shamokin  and  the  free-burning  semi-anthracites  of  the  district  of  Zerbe's  Gap.  Like  these 
latter  Western  coals,  they  are  intersected  by  numerous  fine  planes  of  cleavage,  giving  a  tendency 
to  subdivide  while  kindling.  The  coal  of  this  district  contains  on  an  average  from  5  to  7  per 
cent  of  volatile  matter,  3  or  4  per  cent  being  inflammable  gaseous  matter,  contributing  to  the 
rapid  kindling  of  the  fuel. 

WESTERN  END  OF  THE  BASIN,  OR  THAT  WATERED  BY  THE  EAST  AND  WEST  BRANCHES 

OF  ZERBE'S  RUN. 

This  terminal  portion  of  the  basin  is  a  little  more  than  4  miles  long  at  the  source  of  the 
East  Branch  of  Zerbe's  Run  ;  its  breadth,  from  the  crest  of  the  Locust  or  Mahanoy  Mountain 
to  that  of  the  Shamokin  Mountain,  is  nearly  If  miles,  but  the  trough  contracts  very  reg-ularly  to 
its  W.  extremity  by  the  converging  of  the  two  mountain-barriers.  Its  whole  form  is  sHghtly 
curved,  even  the  S.  barrier  bending  gently  Southward  in  its  progress  AVestward  ;  the  N.  one 
deflecting  in  the  same  direction  more  conspicuously.  The  Eastern  widest  half  of  the  district, 
watered  by  the  East  Branch  of  Zerbe's  Run,  has  its  deepest  depression  on  the  immediate  valley 
of  that  stream  towards  its  N.  side  at  the  foot  of  the  Shamokin  Mountain,  and  not  in  the  middle 
of  the  basin,  which  is  a  rather  broad  and  elevated  table-land,  presenting  a  good  height  of  breast 
in  its  coal-seams  above  the  water-level  of  Zerbe's  Gap.  This  elevation  of  the  centre  of  the 
valley  is  due  chiefly  to  the  influence  of  the  central  anticlinal  flexure  of  the  basin.  West  of  the 
meridian  of  the  gap  the  surface  of  the  valley  is  more  symmetrically  trough-shaped,  a  feature 
which  it  owes  to  the  flattening  away  of  the  undulations  in  its  interior,  and  the  greater  predo- 
minant influence,  therefore,  of  the  synclinal  dips  from  its  two  borders. 

The  general  structure  of  this  part  of  the  Shamokin  Basin  is  very  simple.  The  strata  of 
the  summit  and  N.  slope  of  the  Locust  Mountain  dip  Northward  with  an  inclination  which 
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increases  as  they  range  towards  the  Westward,  from  a  slope  of  60°  opposite  the  watershed 
E.  of  Zerbe's  Run  to  one  of  70°,  or  even  75°,  at  the  W.  extremity  of  the  basin.  Those  of  the 
Shamokin  Mountain — the  N.  border — dip  S.  also  at  a  steep  angle ;  but,  contrary  to  the  inclinations 
in  the  S.  barrier,  they  flatten  off  more  and  more  as  they  approach  the  W.  end  of  the  coal-field, 
being  at  the  watershed  of  the  valley  as  higlily  inclined  as  60°,  subsiding  to  50°  in  crossing 
Zerbe's  Gap,  and  thence,  in  their  progress  Westward,  sinking  steadily  to  40°,  30°,  and  probably 
20°,  until,  at  the  elevated  end  of  the  valley,  all  the  strata  swing  round  with  about  this  dip,  and 
join  their  steeply-incHned  counterparts  of  the  S.  side  of  the  trough.  This  W,  end  of  the  basin  is 
drained  centrally  by  the  West  Branch  of  Zerbe's  Run,  from  the  lower  part  of  the  valley  of  which, 
or,  better  still,  from  the  main  stream  itself  at  a  still  lower  level,  a  tunnel  might  be  cut  Southward 
intersecting  all  the  coals  of  the  central  and  S.  side  of  the  coal-field.  The  deep  cleft  in  the 
Shamokin  Mountain,  named  Zerbe's  Gap,  offers  an  admirably  convenient  inlet  to  the  coal  of  all 
the  N.  border  of  the  basin,  giving  immediate  and  cheap  access  to  the  entire  suite  of  the  coal- 
beds  which  there  outcrop  at  a  steep  angle  in  both  slopes  of  the  notch,  where  some  of  them  are 
now  actively  mined,  being  entered  endwise  by  drifts  and  even  counter-levels  above  the  water- 
level  of  the  gap.  From  this  point  much  of  the  coal  above  this  low  level  can  be  extracted  from 
the  slope  of  the  Shamokin  Mountain,  and  indeed  no  small  portion  of  the  whole  field  of  coal 
above  the  same  level,  lying  W.  of  the  notch,  can  be  thus  ultimately  reached  without  the  aid  of 
either  tunnel  or  slope  ;  for  as  the  levels  or  gangways  penetrate  further  W.,  the  bottom  of  the 
whole  basin  rises  to  reach  them,  and  a  greater  and  greater  proportion  of  the  basin  of  each  coal- 
bed  presents  itself  between  the  water-level  and  its  outcrop  on  the  mountain,  the  length  of  each 
upper  breast  being  much  increased  also  from  the  twofold  circumstance  of  the  progressive  flat- 
tening of  the  dip  and  the  actual  rise  in  the  outcrop  of  each  bed. 

Coal-seams  in  the  Zerbe's  Run,  or  Trevorton  Distinct  of  the  Shamokin  Coal-field. — This 
portion  of  the  Shamokin  Coal-field  having  been  carefully  and  systematically  explored  through 
the  enterprise  of  the  parties  owning  the  land,  who  placed  at  the  disposal  of  the  Author  work- 
men for  the  development  of  its  coal-beds,  a  more  than  usually  full  account  can  be  given  of  the 
Coal-measures  and  valuable  seams  of  fuel  which  they  include.  Calling  the  attention  of 
the  reader  to  the  two  Sections  of  the  coal-field,  representing  the  strata  at  Eyster  Gap  or 
Zerbe's  Gap,  near  Trevorton,  I  proceed  to  offer  a  concise  account  of  the  Coal-measures  and  their 
contents. 

The  Zerbe's  Run  and  Shamokin  coal-lands  lie  in  the  W.  portion  of  the  great  Shamokin  coal- 
basin,  having  their  W.  boundary  within  about  3  miles  of  its  termination,  in  a  line  which  passes 
nearly  N.  and  S.  through  the  deep  water-gap  of  Zerbe's  Run.  This  coal-field  therefore  adjoins 
that  of  the  Mahanoy  and  Shamokin  Improvement  Company,  and  shares  with  it  the  privilege  of 
the  natural  outlet  and  deep  water-level  conferred  by  this  mountain-notch  on  this  part  of  the 
basin.  It  includes  the  whole  breadth  of  the  coal-vaUey,  from  the  summit  of  the  Big  or  Shamokin 
Mountain  to  that  of  the  Mahanoy  Mountain,  the  lands  extending,  indeed,  into  the  outside  Red  Shale 
vaUeys  on  either  side.  In  an  E.  and  W.  direction  the  property  has  a  length  of  about  1^  mUes, 
and  its  average  breadth  is  just  2  miles.  The  part  which  is  embraced  in  the  coal-basin 
possesses  an  average  breadth  of  1:^  miles,  its  length  being  also  1^  miles.  Another  estate,  that  of 
the  Mahanoy  and  Shamokin  Improvement  Company,  embraces  the  entire  breadth  of  the  Western 
end  of  the  Shamokin  Coal-basin,  from  the  Water  Gap  of  Zerbe's  Run,  to  the  junction  of  the  Big 


810 


WESTEEN  MIDDLE  COAL-FIELD. 


and  JNIahanoy  mountains  at  the  termination  of  the  coal-basin.  These  two  estates  occupy  about 
4  mUes  of  the  coal-field. 

The  geological  structure  of  the  coal-field  is  regular  and  simple,  while  it  is  such  as  to  place 
the  coal  in  positions  highly  advantageous  for  economical  mining  operations.  On  the  N.  and  S. 
sides,  the  strata  containing  the  coal-beds  ascend  to  the  crests  of  the  respective  mountains.  Dip- 
ping inward  as  respects  the  coal- valley  at  angles  varying  from  45°  to  60°,  the  successive  sheets 
of  coal  i:)enetrate  in  a  leaning  attitude  the  entire  depth  of  each  of  these  bounding  ridges.  But 
instead  of  meeting  under  the  middle  of  the  valley  in  a  simple  trough  or  single  basin,  the  strata, 
soon  after  passing  below  the  foot  of  each  mountain,  reascend  to  form  an  arch  or  convex  curve  in 
the  central  belt.  Each  layer  of  rock  and  bed  of  coal,  therefore,  if  traced  in  its  course  from  one 
mountain  to  the  other  across  the  basin,  exhibits  a  broad  undulation,  consisting  of  two  deep 
synclinal  flexures  and  a  central  anticlinal  one,  or  two  lateral  troughs  and  an  intermediate  arch. 
The  arching  of  the  strata  in  the  middle  of  the  valley,  causes  this  part  of  it  to  be  occupied  by  a 
broad  and  rather  elevated  ridge.  Between  the  N.  base  of  this  ridge,  and  the  S.  foot  of  the  Big 
Mountain  is  the  synclinal  valley  of  Zerbe's  Run,  while  between  its  S.  slope  and  the  N.  foot  of  the 
Mahanoy,  or  South-bounding  mountain,  the  other  synclinal  zone  has  not  the  surface  of  a  valley, 
but  is  an  elevated  flat  table-land  connecting  the  base  of  the  mountain  with  the  brow  of  the  ridge. 
The  double  flexure  of  the  strata,  and  the  configuration  of  the  surface  here  described,  are  features 
admirably  suited  for  affording  a  cheap  and  ready  access  to  a  very  large  amount  of  coal.  It 
admits,  in  fact,  of  a  double  set  of  collieries,  where  otherwise,  had  it  the  structure  of  a  simple 
trough,  the  basin  could  contain  but  a  single  series.  The  same  bed  of  coal  presents  fom-  breasts 
for  mining,  in  place  of  two,  and  fills  the  middle  of  the  coal-valley  with  a  number  of  easily-pene- 
trated coal-seams  ascending  above  the  water-levels,  where,  under  the  other  feature,  these  would 
have  l)een  buried  several  hundred  feet  beneath  the  bed  of  the  valley. 

The  deep  position  of  the  valley  of  Zerbe's  Run,  at  the  inner  or  S.  foot  of  the  Northern  Moun- 
tain of  the  basin,  and  the  very  low  relative  level  of  the  mountain-notch,  the  natural  outlet  of 
this  valley,  give  us  control  of  an  enormous  amount  of  coal  above  the  water-levels  of  the  surface. 
The  vertical  height  of  the  mountain-crests  on  both  sides  of  the  basin,  in  the  \dcinity  of  Zerbe's 
Gap,  is  about  450  feet,  but  the  elevation  increases  as  we  recede.  The  Central  Anthracite  Ridge, 
and  the  table-land  to  the  S.  of  it,  have  an  elevation  above  the  water-level  of  Zerbe's  Run  of  from 
200  to  300  feet.  The  mountains  will  therefore  afford  breasts  of  coal  averaging  from  600  to  700 
feet  in  height,  and  the  central  tracts  of  the  valley,  breasts  varying  with  the  dip  from  300  to  700  feet. 

The  coal-field  thus  defined  contains  an  uncommonly  large  amount  of  coal  per  acre  ;  indeed, 
in  this  respect  it  rivals  the  richest  in  the  whole  compass  of  the  anthracite  country.  It  derives 
this  extraordinary  wealth  from  a  combination  of  unusual  and  very  favourable  features  in  the  coal- 
formation.  The  most  important  and  influential  of  these  is,  the  presence  of  large  and  valuable 
beds  of  very  pure  coal  in  the  great  underlying  conglomerate,  a  part  of  the  formation  which,  in 
nearly  every  other  neighbourhood,  contains  either  no  coal  at  all,  or  only  one  or  two  beds  of 
inferior  quality  and  dimensions.  In  the  Wiconisco  Basin,  and  also  in  the  Dauphin  Coal-field,  the 
conglomerate  embraces,  as  we  have  already  seen,  one  or  two  beds  of  coal  of  a  profitable  size  and 
of  good  quality  ;  but  in  the  district  before  us,  this  stratum  includes  as  many  as  five  separate 
seams  of  the  best  free-burning  anthracite,  four  of  them  of  large  dimensions,  and  of  unusual  excel- 
lence in  the  quality  of  their  fuel..    It  would  appear  to  be  a  general  fact  in  the  relative  distribu- 


COAL-SEAMS  OF  ZERBE'S  RUN. 


311 


tion  of  the  coal  within  the  strata,  that  the  lower  stratum  (the  conglomerate)  becomes  a  productive 
coal-bearing  member  of  the  formation  only  when  we  approach  the  W.  terminations  of  the  two 
great  S.  basins,  and  this  not  in  an  equal  degree  as  regards  these  basins,  but  in  a  ratio  of  much 
more  rapid  increase  in  the  more  Northern  of  the  two,  the  great  Shamokin  Valley.  The  direction  of 
maximum  development  of  the  lower  coals  has  therefore  been  nearly  due  Westward,  or  into  the 
W.  end  of  the  Shamokin  Basin,  from  the  region  of  the  Schuylkill,  and  not  strictly  along  the 
course  of  the  Southern  or  Pottsville  Basin. 

Owing  to  this  unusual  expansion  of  the  coal-seams  of  the  lower  division  of  the  formation  in 
the  W.  part  of  the  Shamokin  Basin,  the  quantity  of  coal  is  greater  for  the  thickness  of  the  strata 
embracing  it,  than  in  any  other  quarter  of  the  anthracite  region.  The  actual  depth,  or  thickness 
of  the  whole  formati  on,  including  its  inferior  member — the  conglomerate — at  Zerbe's  Gap,  does 
not  exceed  1000  feet.  This  mass  of  strata  consists  of  two  nearly  equal  divisions  :  the  lower, 
comprising  a  little  more  than  500  feet,  consists  of  five  separate  beds  of  massive  silicious  conglo- 
merate and  coarse  sandstone,  alternating  with  five  deposits  of  argillaceous  shale  and  slate,  the 
conglomerate  constituting  about  one-half  of  the  whole  thickness.  Each  of  the  argillaceous  or 
slaty  deposits  contains  a  thick  bed  of  coal.  The  upper  division  consists  mainly  of  bluish  shales 
and  dark  carbonaceous  laminated  coal-slates,  and  includes  five  separate  and  recognisable  beds  of 
fine-grained  compact  silicious  sandstone,  one  of  which,  the  foiu'th  in  ascending  series,  is  sur- 
mounted by  a  thin  pebbly  rock  or  conglomerate,  easily  distinguishable  from  the  conglomerates  of 
the  lower  series  by  the  smaller  size  of  its  fragments.  In  this  upper  series  there  occur  on 
Zerbe's  Run  eight  separate  beds  of  pure  coal,  five  of  which,  and  occasionally  a  sixth,  are  amply 
large  enough  for  profitable  mining,  three  of  them  being  of  rather  extraordinary  size.  Thus  in 
the  whole  thickness  of  about  1000  feet  of  coal-rocks,  thirteen  beds  of  coal  present  themselves, 
nine  of  which  are  everywhere  large  enough  and  pure  enough  to  be  advantageously  wrought. 

DESCEIPTION  OF  THE  INDIVIDUAL  COAL-SEAMS  IN  THE  ASCENDING  OEDEE. 

Coal  Zero. — The  lowest  coal,  called  Zero,  from  its  underlying  the  No.  1  of  a  previously- 
established  enumeration,  occurs  within  a  short  distance  of  the  upper  limit  of  the 
Umbral  Red  Shale  ;  its  total  thickness  is  about  5^  feet,  but  it  contains  near  the 
middle  a  layer  of  slate  18  inches  thick,  which  divides  it  into  two  benches  of  coal,  ^ 

'  '     Fig.  245.  —  Lowest 

an  upper  one  2^  feet,  and  a  lower  one  1^  feet  thick.  It  has  been  proved  and  Coai,  zerbe's  Gap. 
drifted  on,  but  not  hitherto  mined  in  a  permanent  manner.  It  is  illustrated  by  the  accom- 
panying cut. 

Coal  /.—This,  the  second  bed  of  the  conglomerate  series,  lies  within  100  feet  of  the  base  of 
the  formation.    It  passes  under  the  entire  basin,  and  has  its  N.  outcrop  usually  on  the  first  bench 
or  platform  outside,  or  N.  of  the  crest  of  the  North  Mountain,  and  its  S.  out- 
crop generally  on  the  second  bench,  outside  or  S.  of  the  summit  of  the  South 
Mountain.     It  has  been  already  mined  to  some  extent  in  the  end  of  the 
North  Mountain,  at  the  gap,  and  there  displays  a  thickness  of  12^  feet  of 
excellent  free -burning  and  flaming  anthracite.    Of  the  12^  feet  of  coal,  about  ^zwbe'*l'GarTi- 
11  feet  are  of  superior  quality,  adapted  to  the  market.    Further  E.,  about  half 
a  mile,  this  coal  shows  a  thickness  of  8  feet  in  a  superficial  shaft  on  the  mountain.    On  the 
S.  side  of  the  basin  it  has  a  thickness,  where  it  has  been  opened,  of  1 1  feet.    We  may  safely 
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estimate  it  to  possess  9  feet  of  available  coal,  or  to  contain  three  tons  to  each  square  yard  of 
surface. 

Coal  II. — This  coal  overlies  the  second  layer  of  conglomerate,  and  is  higher  in  the  series  than 
Coal  I.  by  about  150  feet  of  strata.  Its  outcrop  is  usually  indicated  by  a  distinct  bench  on 
each  mountain,  and  its  horizontal  distance  from  the  outcrop  of  Coal  L  is,  on  an 
average,  about  250  feet.  The  line  of  its  outcrop  along  the  Northern  Mountain 
is  immediately  to  the  S.  of  the  highest  crest,  which  is  here  formed  by  its 
underlyino;  conglomerate.    On  the  South-bounding  ridge  it  comes  to  the  day  some- 

FiG.  247.  —  Coal  J     &        r>  ^  to        to  ^  J 

w.  side  of  times  on  the  first  bench,  sometimes  on  the  second  S.  of  the  main  crest  of  the  moun- 

Zerbe  s  trap. 

tain.  The  average  thickness  of  this  coal  would  appear  to  be  about  8  feet,  and 
we  are  safe  in  computing  the  quantity  of  good  fuel  in  it  at  6  feet,  or  2  tons  per  square  yard 
of  surface. 

Coal  III. — Separated  from  Coal  11.  by  about  120  feet  of  strata,  and  distant  from  it  usually 
about  200  feet,  at  a  dip  of  45°,  Coal  IIL  is  easily  traced  along  the  next  parallel  interior  bench  or 
terrace.  On  the  S.  barrier  of  the  basin  this  bench  is  conspicuously  marked,  and  throughout  the 
greater  part  of  its  course  from  W.  to  E.,  it  lies  immediately  N.  of  the  crest  outcrop  of  conglo- 
merate, except  next  the  E.  end,  where  it  changes  to  the  S.  or  outside  base  of  the  crest  ledge. 
Conglomerate  No.  3,  which  underlies  it,  and  also  conglomerate  No.  4,  above  it,  are  thinner  and 
less  massive  rocks  than  conglomerate  No.  2,  and  therefore  the  terraces  defining  Coals  III.  and 
IV.  are,  for  the  most  part,  more  obscure  than  those  of  either  Coals  II.  or  I.  Along  the  S.  side  of 
the  crest  of  the  N.  barrier,  the  want  of  prominence  in  the  third  and  fourth  conglomerates  causes 
the  outcrops  of  Coals  III.  and  IV.  to  be  only  very  vaguely  indicated  on  the  surface.  A 
knowledge  of  their  distances  from  the  other  better-defined  outcrops  is  here,  therefore,  very 
important. 

West  of  Zerbe's  Gap,  Coal  III.  has,  on  the  North  Mountain,  an  average  thickness  of  about 
10  feet;  and  E.  of  the  gap,  on  the  same  line  of  outcrops,  the  shafting  shows  it  to  contain  about  8 
feet  of  coal,  of  which  7  feet  are  of  excellent  quality.    Making  a  fair  abatement  for 
accidents  and  inevitable  waste,  this  coal  wiU  yield,  I  think,  at  least  6  feet  of  mar- 
ketable fuel. 

Coal  IV. — Divided  from  Coal  III.  by  the  thin  conglomerate  No.  4,  this  coal 
^nefr  ZCTbe's^Gap,'  occupics  for  the  most  part  the  same  broad  bench  with  it ;  they  are  separated  by 
Trevorton.  j^^Qut  70  or  80  feet  of  strata,  and  on  the  N.  side  of  the  basin  are  in  some  places 
yet  nearer  together.  The  horizontal  space  between  their  outcrops,  therefore,  rarely  exceeds  100 
feet.  Coal  IV.  is  generally  rather  thinner  than  either  of  the  other  three  conglomerate  coals,  V^'e 
shall  be  very  safe,  however,  in  assigning  to  it  a  productive  thickness  of  6  feet. 

QqciI  V. — This  valuable  and  large  bed,  the  lowest  of  the  sandstone  series,  has  its  outcrop 
invariably  at  the  base  of  a  long  slope  formed  by  the  upper  or  fifth  belt  of  conglomerate,  on  a 
terrace  or  bench  somewhat  lower  on  the  inner  flank  of  the  mountain  than  those  above  described. 
It  overlies  the  conglomerate  from  20  to  25  feet,  the  interposed  rock  being  a  soft  blue  argilla- 
ceous shale.  Above  it  is  a  thickness  generally  of  (JO  feet  of  similar  shale  and  dark  carbonaceous 
slate.  The  edge  or  brow  of  the  terrace,  along  which  this  coal  appears,  is  formed  by  a  fine- 
grained compact  flaggy  sandstone,  usually  from  16  to  20  feet  in  thickness  ;  the  terrace,  thus 
supported,  exceeding  1 00  feet  in  width. 


ZERBE'S  RUN.  313 

This  coal-bed  has  i,n  average  thickness  in  this  district  of  about  1 5  feet,  but  in  some  places 
its  outcrop  shows  it  to  contain  even  1 7  feet  of  good  coal.  It  is  exceedingly  pure 
in  quality.  Underlying  the  entire  basin,  between  its  N.  and  S.  outcrops,  which 
are  high  on  the  flanks  of  the  bounding  mountains,  it  constitutes  of  itself,  from  its 
great  thickness,  a  coal-field  of  enormous  capacity.  It  will  be  perfectly  prudent  to 
estimate  it  as  yielding  a  thickness  of  10  feet  of  coal  fit  for  market,  and  as  holding 
in  the  North  Mountain,  where  it  is  at  present  most  accessible,  a  breast  above  Gap^^reTOi4»n.'^ 
water-level  of  at  least  500  feet. 

Coal  VI.  is  a  thin  coal,  pure  in  quality,  but  seldom  met  with  of  a  greater  thickness  than  1 8 
inches,  and  therefore  not  at  present  of  any  commercial  value.  It  lies  about  20  feet  above  the 
first  sandstone. 

Coal  VII. — This  is  a  coal  which  varies  in  size  from  5  to  7  feet.  Its  available  dimensions  may 
be  estimated  at  4^  feet,  and  its  capacity,  therefore,  at  one  and  a  half  tons  to  the  square  yard  of 
surface.  I  shall  assign  to  it,  however,  1  ton.  It  has  its  extreme  outcrops  high  on  the  sides  of 
the  coal  vaUey,  usually  about  100  feet  from  the  outcrops  of  Coal  V.,  on  the  gentle  slope  below 
the  terrace  connected  with  that  coal.  This  is  the  lowest  coal-bed  of  the  whole  series  which 
reaches  the  day  in  the  anticlinal  tract  of  the  middle  of  the  basin.  It  is  high  enough  to  be  brought 
to  the  surface  over  the  centre  of  the  arch  or  saddle,  where  the  first  tributary  of  the  Eastern 
Branch  of  Zerbe's  Run  passes  through  the  central  ridge  by  a  somewhat  deep  transverse  valley  or 
ravine.  At  this  point  the  coal  has  been  opened  precisely  at  the  saddle  or  anticlinal  axis,  at  an 
elevation  of  about  50  feet  above  the  bed  of  the  ravine.  If  at  some  future  time  it  were  deemed 
desirable  to  extract  the  coal  from  this  bed  in  this  central  belt,  the  spot  here  designated  is  a  very 
favourable  one  for  the  construction  of  slope- workings,  by  which  it  might  be  wrought  on  both  the 
N.  and  S.  dips  of  the  saddle. 

A  perpendicular  shaft  in  the  valley  of  Zerbe's  Run,  at  the  foot  of  the  North  Mountain,  only  a 
few  hundred  feet  in  depth,  would,  by  penetrating  to  the  bottom  of  the  N.  synclinal  trough 
embraced  between  the  mountain  and  the  middle  ridge,  gain  ready  access  not  merely  to  all  the 
coal  of  this  bed  under  the  water-level,  but  to  that  far  larger  amount  which  the  basin  there  con- 
tains in  the  five  great  underlying  seams  previously  described. 

Coal  VIII. — Immediately  upon  Coal  VII.  is  the  second  sandstone,  usually  about  15  feet  thick. 
It  forms,  in  most  localities,  the  margin  of  the  sloping  bench  which  holds  the  outcropof  Coal  VII.,  and 
gives  rise  to  a  slope  of  the  surface,  about  midway  upon  the  flank  of  which  we  are  entitled  to  look 
for  the  outcrop  of  the  large  and  excellent  Coal  VIII.  This  coal-seam,  w^hicli  is  remarkable  through- 
out the  district  for  its  superiority,  and  the  great  persistency  of  its  features,  is  a  double  or  twin 
bed,  being  divided  in  the  centre  by  a  layer  of  soft  argillaceous  shale,  often  a  pure  fireclay,  which, 
though  seldom  a  foot  in  thickness,  holds  its  place  and  size,  with  little  variation,  over  an  extent 
of  some  miles.  The  position  of  the  Northern  and  Southern  outcrops  of  this  coal  is  about 
midway  on  the  long  gentle  ascent  of  each  mountain  which  leads  up  to  the  terrace  of  Coal  V.,  at 
the  foot  of  the  first  steep  acclivity,  or  that  of  the  upper  conglomerate.  Its  average  angle  of  dip 
on  the  two  sides  of  the  basin  is  about  45°  or  50°.  Passing  under  the  two  lateral  basins,  it  rises 
in  the  anticlinal  arch  of  the  central  broad  ridge,  and  has  here  been  opened  immediately  on  the 
top  of  the  saddle  W.  of  a  transverse  ravine,  a  mile  E.  of  Zerbe's  Gap.  Farther  "W.  it  is  overarched 
by  higher  strata,  but  throughout  the  whole  length  of  the  district  of  the  East  Branch  of  Zerbe's 
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Run,  this  coal  is  elevated  nearly  to  the  surface,  along  the  centre  of  the  Anticlinal  belt,  and  pre- 
sents, especially  in  the  N.  side  of  the  ridge,  a  valuable  and  tall  breast  of  coal  with  a  moderately 
gentle  N.  dip. 

This  bed  has  an  average  thickness  of  good  coal  of  at  least  14  or  15  feet.  On  the  North 
Mountain  it  displays,  in  a  well-opened  shaft,  a  total  thickness  of  22  feet.  We  are  within  bounds, 
therefore,  in  assigning  to  it,  after  deduction,  a  product  of  4  tons  per  square  yard.  In  the  North 
Mountain  E.  of  the  gap,  its  breast  above  the  water-level  is  not  less  than  600  feet,  in  consequence 
of  a  flattening  of  the  dip  due  to  an  anticlinal  fold  which  lies  near  its  outcrop  on  the  slope  of  the 
ridge. 

Coal  IX. — This  is  generally  the  thickest  coal-bed  of  the  series.  When  in  fullest  development, 
as  in  the  vicinity  of  Rennie's  Cottage,  it  consists  of  two  separate  layers,  the  higher  being  from 
1 5  to  16  feet  thick,  and  the  lower  about  4  feet.  In  many  localities,  both  E,  and  W.  of  the  Gap, 
the  lower  bench  is  either  absent  or  very  thin.  The  coal,  a  soft  free-burning  and  flaming  anthra- 
cite, is,  for  so  large  a  bed,  singularly  pure,  being  free  from  both  sulphur  and  slate.  At  a  very 
moderate  estimate,  this  coal  will  yield  4  tons  to  each  square  yard  of  surface.  In  the  North 
Mountain,  its  line  of  outcrop  is  low  on  the  flank  of  the  ridge,  and  the  breast  of  coal  there,  above 
water-level,  does  not  probably  exceed  200  feet.  In  the  central  anticlinal  ridge,  where  its  outcrop 
follows  the  N.  brow  of  the  hill  for  the  whole  length  of  the  stream,  at  an  average  vertical  height 
of  200  feet,  and  a  dip  which  rarely  exceeds  30°,  the  extent  of  the  breast  is  at  least  twice  as 
great. 

Between  Coal  VIII.  and  this  Coal  IX.  there  is  a  coarse  grey  sandstone.  No.  3,  the  outcrop  of 
which  frequently  forms,  for  the  two  coal-beds,  two  independent  benches,  or  else  two  separate 
slopes.  Overlying  Coal  IX.  is  a  coarse,  gritty,  wliitish  sandstone,  No.  4,  divided  from  it  by  about 
110  feet  of  soft  slate. 

Coal  X. — Above  the  large  bed.  Coal  IX.,  at  an  interval  of  about  30  feet,  is  the  thin  Coal  No.X. 
It  is  of  no  economical  importance,  since  it  rarely  contains  2  feet  of  good  coal.  The  roof  or  top 
slate  of  this  seam  is  unusually  rich  in  the  flattened  stems  of  several  species  of  Sigillaria,  one  of 
the  chief  coal-producing  plants.  They  are  thoroughly  compressed,  and  form  a  complete  matting. 
At  one  spot  near  the  gap,  the  strata  having  a  perpendicular  dip,  this  top  slate  is  exposed  to  the 
open  day  at  a  superficial  trench  excavated  in  the  outcrop  of  the  coal-bed.  (See  the  Sketch  at 
the  end  of  this  Chapter.) 

Coal  XI.  overlies  Coal  IX.  at  an  interval  of  from  90  to  100  feet.  This  coal  is  occasionally 
3  feet  thick,  and  is  then  of  available  size,  and  may  be  estimated  at  1  ton  of  good  coal  for  each 
square  yard  of  surface  ;  but  it  cannot  at  present  be  included  in  any  account  of  the  resources  of 
the  coal  district. 

Coal  XII. — The  sandstone,  No.  4,  is  surmounted  by  a  fine-grained  conglomerate,  which  every- 
where along  the  summit  of  the  central  ridge  exposes  two  weU-marked  lines  of  outcrop,  serving  as 
excellent  external  guides  to  the  position  of  the  adjacent  coals.  Overlying  this  conglomerate  is 
a  thin  body  of  slate,  and  then  a  thin  sandstone,  and  at  a  short  interval  above  this  sandstone  lies 
the  upper  coal  of  the  whole  series,  Coal  XII.  of  our  enumeration.  This  bed  is  generally  double, 
its  lower  layer  being  about  5  feet  thick,  separated  from  the  upper,  which  is  from  1  to  2  feet 
thick,  by  2  feet  of  sandstone  and  slate.  It  may  be  safely  estimated  to  afibrd  1  ton  of  good 
coal  to  each  square  yard  of  surface.  Its  outcrop  on  the  North  Mountain  is  too  low  above  the 
water-level  to  make  it  eligible  to  mine  it  there  at  this  time,  but  in  the  N.  flank  of  the 
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central  ridge  it  has  a  breast  of  considerable  height,  probably  not  less,  on  an  average,  than 
100  yards. 

If  at  any  time  it  were  thought  desirable  to  enlarge  the  productive  capacity  of  the  district  by 
an  additional  series  of  collieries,  the  whole  central  belt  of  the  basin,  and  its  entire  S.  side,  may  be 
promptly  and  effectually  laid  open  to  the  same  low  water-level  by  the  construction  of  a  single 
transverse  tunnel,  entering  the  central  anticlinal  ridge  opposite  the  gap,  and  penetrating  South- 
ward to  the  lowest  coal-beds  of  the  S.  barrier.  This  tunnel  would,  near  its  mouth,  procure 
access  to  tall  breasts  of  coal  on  the  several  large  North-dipping  beds  of  the  anticlinal  ridge ; 
further  in,  it  would  intersect  the  same  coal  dipping  Southward,  and  further  still,  it  would  cut 
deep  across  the  broad  basin  at  the  foot  of  the  South  Mountain,  and  terminate  beyond  in  the  coals 
of  the  conglomerate  series,  at  so  low  a  relative  level  as  to  lay  open  working  breasts  of  the  entire 
sloping  height  of  the  ridge.  By  this  tunnel,  which  would  be  equally  available  for  the  develop- 
ment of  the  central  and  Southern  tracts  of  both  the  E.  and  W.  divisions  of  the  district,  all  the 
coal  anywhere  above  water-level,  even  to  the  Eastern  boundary  of  the  valley  of  Zerbe's  Run, 
would  be  procurable  without  machinery.  As  the  tunnel  would  expose  new  and  extensive  breasts 
of  thick  coal  at  short  intervals  of  its  progress,  its  cost  would  be  covered  as  it  proceeded.  If 
judiciously  planned,  such  a  work  might,  I  feel  confident,  give  outlet  to  at  least  12,000,000  of 
tons  of  coal. 

The  researches  undertaken  permit  us  to  calculate,  with  very  considerable  precision,  the  grand 
total  of  coal  embraced  within  the  limits  of  this  coal-field.  By  the  estimates  already  presented,  the 
aggregate  thickness  of  the  coal  truly  available  in  the  beds  appears  to  be  about  70  feet.  But  it 
is  not  of  this  full  thickness  under  every  part  of  the  valley,  since  the  higher  seams — and  among 
these  occur  the  largest  ones — do  not  spread  across  the  basin  to  limits  as  wide  as  the  lowest. 

In  all  my  estimates  of  the  amount  of  available  coal  in  each  bed,  compared  with  the  total 
quantity  contained  between  the  roof  and  floor,  I  have  been  studious  to  exceed  rather  than  to 
underrate  the  proportion  of  waste  arising  from  the  operations  of  mining,  and  from  the  more  or 
less  squeezed  or  crushed  condition  incident  to  the  coal  in  all  basins  where  the  bounding  dips  of 
the  strata  are  at  all  steep.  Much  attention  has  been  devoted  to  the  detection  of  the  probable 
amount  of  this  last-mentioned  element  of  waste.  In  the  Shamokin,  and  in  every  other-anthracite 
coal-field,  portions  of  certain  coal-beds  are  necessarily  faulty,  and  as  usual  the  most  disturbed 
part  of  the  basin  is  its  S.  margin.  Even  there,  however,  the  proportion  of  the  crushed  coal  to 
the  undisturbed,  owing  to  the  regularity  of  the  dip,  is  less  than  belongs  generally  to  the  North- 
dipping  belts  of  strata  of  the  more  Southern  coal-fields.  Throughout  the  N.  side,  and  all  the 
central  tracts  of  the  estate,  the  prevailing  soundness  of  the  coal  is  remarkable. 

It  is  a  higlily  favourable  circumstance  in  the  structure  of  this  whole  Western  division  of  the 
Shamokin  Basin,  that  its  natural  outlets,  and  therefore  its  deepest  water-levels,  and  first  available 
breasts  of  coal,  are  all  on  the  N.  side,  and  not,  as  in  nearly  every  part  of  the  Pottsville  Basin  and 
its  branches,  in  the  Southern  Mountain  barrier.  By  this  condition  of  things,  the  most  accessible 
part  of  the  coal-field  is  at  the  same  time  the  soundest,  and  all  those  great  breasts  of  coal,  which 
will  call  for  the  least  preliminary  outlay  for  development,  are  precisely  those  also  which  will  call 
for  least  expense  in  mining,  and  involve  to  the  collier  the  smallest  delay  and  disappointment. 
Those  persons  who  are  at  all  familiar  with  the  history  of  the  mining  enterprises  of  the  Southern 
anthracite  basin,  will  justly  appreciate  the  value  of  this  fortunate  combination  of  low  water-levels 
with  a  great  range  of  regular  South-dipping  strata. 
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It  is  obvious,  from  the  foregoing  statements  respecting  the  thicknesses  of  the  several  coals*  and 
their  high  breasts  above  the  existing  water-levels,  that  the  present  productive  capacity  of  this 
coal-field  is  unusually  great.  Its  facilities  for  furnishing  a  large  annual  supply  of  good  coal  to 
the  market,  at  a  minimum  of  prehminary  arrangements  for  mining,  are  indeed  remarkable. 
Extensive  collieries,  working  above  the  water-level,  are  already  organised,  from  which,  without  any 
expensive  erections,  a  large  amount  of  coal  can  be  annually  sent  to  market  over  the  Trevorton 
Railroad,  now  constructed  to  the  Susquehanna. 

In  no  part  of  the  anthracite  coal-region  do  all  the  conditions  favourable  to  facility  and  cheap- 
ness of  mining  concur  to  a  greater  extent  than  in  this  basin. 

Having  now  offered  a  general  sketch  of  the  structure  and  large  resources  of  the  coal-field  of 
Trevorton  or  Zerbe's  Gap,  I  shall  submit  a  brief  description  of  the  coal  itself. 

Obeying  the  general  law  of  gradation  exhibited  in  the  composition  of  the  coal  in  all  the  great 
anthracite  basins  of  Pennsylvania,  that  of  the  Shamokin  Valley  grows  progressively  softer  and 
less  compact,  and  more  gaseous  and  free-burning,  as  we  follow  it  toward  its  Western  termination. 
Passing  the  meridian  of  the  Shamokin  Gap,  the  coal  acquires  a  sensible  quantity  of  the  inflam- 
mable gas  (carburetted  hydrogen)  characteristic  of  the  bituminous  and  semi-bituminous  class  of 
coals,  and  the  proportion  of  this  ingredient  seems  rapidly  to  increase  as  we  draw  near  to  the 
extremity  of  the  basin  :  it  is  therefore  at  its  maximum  in  the  terminating  coal-field  before  us. 
It  constitutes  probably  not  more  than  eight  or  nine  per  cent  by  weight  of  the  coal  at  Zerbe's 
Gap  ;  yet  small  as  is  this  amount  of  the  volatile  matter,  it  imparts  to  the  fuel  properties  which, 
for  an  anthracite,  are  peculiar,  and  some  of  which  are  highly  valuable.  It  seems  to  exist  in  the 
coal  in  the  gaseous  form,  or  if  a  portion  of  it  is  in  a  condition  of  liquid  bitumen,  it  is  in  quantity 
too  minute  to  cause  the  coal  to  soften  and  form  coke.  The  coal  is  therefore  to  be  regarded  as  an 
anthracite,  but  of  modified  properties.  When  a  portion  of  the  coal  is  freshly  thrown  upon  an 
ignited  fire,  it  begins  very  quickly  to  discharge  its  inflammable  gas,  wliich  may  be  seen  burning 
with  its  peculiar  yellow  flame,  and  causing  by  its  ready  combustibility  the  solid  part  of  the  coal 
itself  to  pass  rapidly  into  full  ignition.  It  is  otherwise  wdth  the  hard  varieties  of  anthracite  ; 
these  are  destitute  of  any  snch  good  kitidling,  and  are,  moreover,  slow  to  burn  from  their  extreme 
compactness,  so  that  when  they  are  cast  fresh  and  cold  upon  a  fire,  they  check  seriously  the  vigour 
of  the  combustion,  and  produce  irregularity  in  the  heat.  The  quality  of  being  easily  kindled 
confers  on  these  free-burning  semi-anthracites  an  especial  fitness  for  generating  steam.  From  the 
same  property  will  arise  an  important  economy  in  the  consumption  of  the  coal,  as  this  can  be  kept 
ignited  in  small  quantities,  and  in  a  state  of  low  combustion  ;  while  the  harder  and  less  ignitable 
kinds,  not  burning  at  all  but  at  a  higher  temperature,  wiU  either  go  out  altogether,  or  produce  a 
fire  which,  for  many  purposes,  is  wastefuUy  active  and  intense. 

Some  of  these  free-burning  coals  of  this  Western  Shamokin  coal-field  are  liable  to  crumble  or 
fall,  to  a  certain  degree,  during  the  first  stages  of  their  combustion ;  though  it  is  to  be  observed, 
that  the  coal  hitherto  submitted  to  experiment  has  been  procured  from  near  the  outcrops  of  the 
beds,  or  where  the  mine  has  but  little  cover.  Analogy  tells  us  that  the  coal  Avill  be  firmer  on 
the  fire  when  taken  from  a  deeper  soui'ce.  I  think,  however, 'that  this  tendency  to  crumble  when 
burning  is  partly  inherent  in  the  composition  of  the  coal,  and  is  in  fact  connected  with,  the  disen- 
gagement of  the  inflammable  expansible  gas  before  referred  to,  which,  in  assuming  the  volatile 
condition,  swells  and  severs  the  coal  by  its  minute  mechanical  fissures.    The  breaking  up  of  the 
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coarse  lumps  into  smaller  ones,  while  it  greatly  increases  the  total  surface  exposed  to  combustion, 
does  not  necessarily  lessen  the  aggregate  quantity  of  interstitial  space  for  the  passage  of  the  air. 
There  is  just  the  same  proportion  of  air-space  in  a  cubic  yard  of  small  shot  as  in  a  cubic  yard  of 
cannon-balls.  It  is  a  fixed  geometrical  ratio.  It  must  be  acknowledged,  however,  that  the  soft 
coals  demand  additional  force  of  blast. 

The  openness  of  the  fire  to  the  air  is  furthermore  preserved  by  a  valuable  quality  in  the 
earthy  residuum  of  these  coals.  The  ash  is  white  and  apparently  very  silicious,  and  therefore 
extremely  infusible.  The  flakes  cohere  only  by  their  corners  and  edges,  and  form  a  loosely 
porous,  open,  spongy  mass,  entirely  pervious  to  the  draught.  The  residuum  does  not  readily  melt 
into  a  tough  dark  slag,  such  as  some  coals  produce,  which  chokes  the  grate  of  the  furnace,  clogs 
the  interstices  of  the  fuel,  and  interferes  seriously  Avith  the  combustion,  permitting  at  the  same 
time  the  bars  of  the  grate  to  go  rapidly  to  destruction. 

In  point  of  purity,  or  freedom  from  earthy  matter,  these  coals  of  the  W.  end  of  the  Mahanoy 
and  Shamokin  Coal-field  will  take  rank  with  the  very  purest  to  be  met  with  in  the  anthracite 
country.  This  is  confirmed  by  chemical  analysis.  The  lowest  bed  of  aU,  and  the  two  upper  large 
ones  of  the  sandstone  series,  are  remarkable  for  the  smaU  proportion  of  ashes  which  they  yield. 
The  entire  freedom  of  all  the  coals  from  sulphur  is  an  attribute  not  less  distinctive,  and  is  an 
important  recommendation  to  their  employment  in  the  smelting  of  iron,  and  in  the  furnaces  of 
steam-engines.  The  hydrogen  of  the  gaseous  part  of  the  coal  is  a  potent  purifier,  or  remover  of 
any  sulphur  with  which  either  the  iron  ore  or  the  coal  itself  might  be  contaminated.  The 
excellence  of  the  iron  of  the  bituminous  blackband  ore  of  Scotland  is  admitted  to  be  due  to 
the  purifying  influence  of  the  hydrogen  of  its  bitumen. 


Fig.  250. — View  of  the  Top  Slate  of  Coal  No.  X.,  near  Zerbe's  Gap,  Trevorton, 
showing  matted  flattened  stems  of  Sigillaria. 
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NORTHERN  ANTHRACITE  COAL-FIELD,  OR  BASIN  OF  THE  LACKAWANNA 
AND  NORTH  BRANCH  OF  THE  SUSQUEHANNA. 


CHAPTEE  I. 

TOPOGRAPHICAL  FEATURES,  COMPOSITION  OF  THE  STRATA,  AND  GENERAL 

STRUCTURE  OF  THE  BASIN. 

FOEM  AND  INTERIOR  FEATURES  OF  THE  VALLEY. 

Like  the  other  anthracitic  coal-fields  of  Pennsylvania,  this  large  and  rich  basin  of  the  Lacka- 
wanna and  North  Branch  of  the  Susquehanna  is  surrounded  by  a  double  belt  of  mountain- 
summits  ;  but  instead  of  that  usually  entire  separation  of  the  inner  and  the  outer  ridges  which 
is  so  conspicuous  in  the  Pottsville,  the-  Shamokin,  and  other  coal  valleys,  the  intervening  deep 
narrow  valley  of  Umbral  Red  Shale  is  here  only  a  high  sloping  platform  or  bench  on  the  side  of 
the  exterior  mountain,  and  the  interior  crest  is  but  a  subordinate  ridge  or  shoulder  between  this 
bench  and  the  main  valley.  This  feature  in  the  encircling  high  lands,  of  a  coalescing  of  the  two 
parallel  ridges  into  one  mountain  mass,  grows  more  and  more  obvious  as  we  advance  N.E.  along 
the  Wyoming  and  Lackawanna  Basin,  increasing  as  the  soft  shale-formation,  which  produces  the 
valley  between  the  ridges,  lessens  in  thickness,  and  as  the  dip  of  the  strata,  another  influential 
condition,  becomes  progressively  flatter.  Towards  the  W,  end  of  the  basin,  where  the  easily 
excavated  Red  Shale,  and  the  soft  sandstones  belonging  to  it,  hold  a  thickness  of  several  hundred 
feet,  and  where,  moreover,  the  inclination  of  the  strata  is  as  steep  as  from  30°  to  45°,  we  may 
discern  from  any  high  points,  like  those  overlooking  Solomon's  Gap,  the  distinct  division  of  the 
enclosing  mountain  into  its  two  crests  ;  but  from  Wilkesbarre  N.E.,  and  especially  between  Pitt- 
ston  and  Carbondale,  where  the  shales  thin  down,  and  at  last  almost  disappear,  and  the  dip  dechnes 
to  no  more  than  10°  or  12°,  this  separation  grows  to  be  very  dimly  defined,  except  just  where — 
as  in  the  upper  valley  of  Stafford  Meadow  Brook  and  its  prolongations — the  waters  which  have 
ploughed  the  surface  have  been  assisted  in  cutting  a  deeper  longitudinal  trough  than  ordinary,  by 
the  extra  strength  and  keenness  of  current  imparted  to  them  through  the  existence  of  transverse 
notches  promoting  their  rapid  outflow. 

The  coal-field,  or  trough  of  the  coal-containing  strata,  encompassed  by  this  picturesque 
mountain-rim,  is  a  very  elongated  valley,  some  50  miles  in  length,  from  Beech  Grove  to  Carbon- 
dale,  and  not  more  than  5  miles  wide  in  its  broadest  central  portion,  between  Solomon's  Gap  and 
the  entrance  of  the  Susquehanna  at  Pittston.  Its  form  is  that  of  a  very  regular  symmetrical 
crescent,  curving  in  its  course  as  much  as  50° — the  N.  horn  at  Carbondale  pointing  about  N.  20° 
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E.,  while  the  W.  one  at  Beech  Grove  is  directed  only  20°  S.  of  W.  In  its  interior  features  this 
valley  is  extremely  diversified,  and  is  full  of  landscapes  of  uncommon  beauty.  From  Pittston 
to  Nanticoke,  or  between  the  points  where  the  Susquehanna  enters  and  leaves  the  basin,  the  N. 
half  of  the  main  bed  of  the  valley  is  a  wide  level  fertile  plain,  or  low  diluvial  floor,  watered  by 
the  tree-fringed  river.  A  similar  but  narrower  belt  of  low  ground,  underlaid  in  like  manner  by 
a  deep  deposit  of  drift  or  gravel,  winds  through  the  whole  length  of  the  upper  N.E.  portion  of  the 
valley,  or  that  occupied  by  the  Lackawanna.  Everywhere  else  between  these  river-plains  and 
the  flanks  of  the  bounding  mountains,  and  throughout  the  W.  end  of  the  basin,  its  surface  is 
undulated  with  a  multitude  of  approximately  parallel  chains  of  hills  and  denuded  ridges,  which, 
in  nearly  all  the  district  between  Beech  Grove  and  Wilkesbarre,  are  sharp-crested,  steep,  and 
much  ravined  and  cut,  but  show  wider  summits,  and  softer  slopes  and  outlines,  progi*essively,  as 
we  follow  them  towards  the  Lackawanna  and  ascend  its  valley.  This  change  of  feature  is  very 
striking  when  we  contrast  the  long,  steep-sided,  narrow-backed  ridges  between  the  S.W.  end  of 
the  valley  and  Solomon's  Gap,  with  the  wide,  flat-topped,  or  gently-sloping  plateaus  between  the 
falls  of  the  Lackawanna  and  Carbondale. 


GEKEEAL  VIEW  OF  THE  STEATA. 
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Taking  a  comprehensive  survey  of  the  several  rocky  strata  which  surround  and  are  embraced 
within  the  Wyoming  and  Lackawanna  Basin,  they  will  be  found  to  constitute  vespertine  and  umbrai 
four  distinct  groups,  diSering  in  their  positions  and  composition,  and  in 
the  value  of  their  imbedded  deposits.    As  the  Sections  will  show,  they  are 
inconstant  in  type  and  thickness. 

1.  The  first  and  lowest  in  the  order  of  stratification  is  a  thick  series  of 
grey  sandstones,  occasionally  pebbly,  and  including  beds  of  shale.  This  out- 
crops high  on  the  inner  slope  and  summit  of  the  outer  broad  mountain-ridge 
of  each  border  of  the  basin.  The  formation  is  several  hundred  feet  thick, 
but  is  variable  in  size  and  type,  as  the  columnar  Sections  here  given  will 
show.  It  is  the  lowest  or  oldest  of  our  American  carboniferous  strata,  but 
in  this  part  of  the  mountain-chain  of  the  country  it  contains  no  coal,  nor  any 
notable  amount  of  iron  ore.    It  is  oiu'  Vespertine  series. 

2.  Next  in  succession,  overlying  this  formation,  and  outcropping  usually 
in  a  high  bench,  but  sometimes  in  a  valley,  following  the  inner  slope  of  the 
outer  or  main  mountain  all  round  the  coal-basin,  occurs  a  mixed  group  of 
strata,  red  shales  in  the  inferior  portion,  grey  sandstones  and  buff"-coloured 
slates  in  the  middle,  and  a  peculiar  hone-like  very  close-grained  calcareous 
sandstone  in  the  upper.  Such  is  the  character  of  this  Umbrai  formation  in 
the  vicinity  of  Scranton,  and  elsewhere  on  the  borders  of  the  Lackawanna 
division  of  the  basin,  where  its  total  average  thickness  does  not  amount  to 
350  feet,  and  where  the  Eed  Shale  of  the  lower  member  of  the  mass  is 
extremely  thin,  and  in  places  altogether  absent.  But  further  S.W.,  especially 
between  Solomon's  Gap  and  Beech  Grove,  the  Red  Shale  assumes  great  fig.  251.— Cobb's  Gap, 

1     •       1     n  1  T    •  •  -NT        •     1  Roarine:  Bronk. — 

relative  bulk,  and  the  middle  and  upper  divisions,  as  at  Nanticoke,  are  com-     1      =  200 /tf/. 
paratively  much  reduced,  the  whole  formation  being  from  two  to  tliree  times  as  thick  as  where  it 
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bounds  the  Lackawanna  Valley.  It  is  among  the  layers  of  the  lower  or  shale  group  of  this 
formation  that  we  encounter  the  interesting  calcareous  iron-ore  of  the  Stafford  Meadow  Valley, 
once  extensively  mined  on  the  Lack- 
awanna Iron  and  Coal  Company's 
lands,  and  smelted  in  the  furnaces 
at  Scranton.  The  whole  formation 
is  the  Umbral  series,  or  middle 
carboniferous  formation.  To  the 
easily -worn  nature  of  its  shaly 
beds,  contrasted  with  the  far  supe- 
rior resisting  powers  of  the  Ves- 
pertine sandstones  beneath  them, 
and  of  the  equally  hard  middle  and 
upper  members  of  their  own  forma- 
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tlOn,    supported   by   the   still   more  Fig.  253.— Umbral  Red  Shale,  Nanticoke  Mountain,  at  Nanticoke. 
T       ,      .  ,  1  inch  =  200  feet. 
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of  the  base  of  the  Coal-measures  just  overlying  these,  we  must  attribute  the  preva- 
lence of  the  mountain  valley  or  broad  bench  on  the  mountain-side,  already  described 
as  so  general  a  feature  along  the  outer  edge  of  the  coal-field.  The  cuts  here  pre- 
sented display  its  variability  of  composition. 

3.  Immediately  over  the  fine-grained,  hone-like  sandstone  of  the  top  of  the 
Umbral  series  rests  the  Serai  conglomerate  of  our  classification,  a  coarse  massive 
white-and-grey  conglomerate,  constituting  the  base  or  supporting  member  of  the 
productive  Coal-measures,  or  upper  carboniferous  series.  All  round  the  Wyoming 
and  Lackawanna  coal-field,  this  well-known  and  easily-recognised  rock  is  composed 
of  two  sets  of  strata  :  a  lower  group,  made  up  in  large  part  of  extremely  coarse 
pebbles  of  nut  size,  of  white  quartz  and  grey  sandstone,  compactly  cemented  into 
thick  and  ponderous  beds  ;  and  an  upper  group,  of  less  massive  layers  of  a  smaller- 
grained  conglomerate  and  dark-grey  sandstone,  the  pebbles  seldom  exceeding  the 
size  of  a  pea  or  small  hazel-nut.  The  average  thickness  of  the  lower  mass  on  the 
S.E.  side  of  the  basin  is  from  70  to  80  feet,  whereas  on  the  N.W.  side  it  seems 
nowhere  to  exceed  40  feet  ;  that  of  the  upper  fine-grained  rock  varies  from  60 
to  90  feet,  but  shows  no  such  marked  reduction  in  passing  from  its  S.E.  to  its 
N.W.  outcrop.  At  Scranton,  on  Roaring  Brook,  the  coarser  rock  is  about  80  feet 
thick,  and  the  finer  grained,  which  is  here  quarried,  and  makes  a  valuable  strong 
building-stone,  is  about  the  same  thickness.  In  some  parts  of  the  anthracite  coal  region,  and 
possibly  in  certain  localities  on  the  borders  of  the  Wyoming  Basin,  indications  exist  of  the 
presence  of  a  bed  of  coal  in  the  shales  which  sometimes  separate  these  two  divisions  of  the 
conglomerate.  This  fact,  and  the  identity  in  composition  of  the  upper  member  with  the  coarser 
grits  of  the  true  Coal-measures,  induces  me  to  class  it  as  a  part  of  these,  though,  as  it  usually  lies 
below  any  workable  coal,  it  may  equally  retain  its  place  as  a  division  of  the  conglomerate  upon 
which  it  directly  reposes,  and  into  which  it  in  many  places  gTaduates.  In  fact,  a  comprehensive 
study  of  the  lower  coal  strata,  and  of  the  conglomerates  interstratified  among  them,  distinctly  shows 
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Fig.  252. — Vesper- 
tine and  Umbral 
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that  even  the  main  undermost  coarsest  pudding-stone,  or  Serai  conglomerate,  is  itself  properly 
but  a  member  of  the  true  Coal-measures,  and  in  no  sense  an  independent  formation.  There 
are,  as  we  have  already  seen,  several  districts  in  Pennsylvania  where  productive  coal-seams 
occur  imbedded  within  this  coarsest  lowest  mass,  and  others  indeed  where  such  exist  even 
beneath  or  outside  of  it. 

It  has  been  the  superior  firmness  of  cohesion  or  solidity  of  this  rock,  compared  with  that  of 
the  softer  overlying  Coal-measures  and  underlying  Umbral  group,  both  abounding  in  slates  and 
shales,  that  has  enabled  it  better  to  resist  the  tremendous  furrowing  action  of  the  waters  which 
carved  the  land  into  its  present  inequalities,  and  caused  it  to  stand  out  above  the  deeper- 
ploughed  sm-faces  of  those  formations.  Wherever  a  notch  or  breach  through  the  conglomerate 
and  a  considerable  steepness  of  dip  have  promoted  a  deeper  than  usual  grooving  of  the  Umbral 
shales  behind  it,  this  coarse  rock  rises  forth  in  a  more  or  less  ragged  and 
naked  crest,  forming  the  inner  of  the  two  mountain -summits  already  men- 
tioned as  boundino;  the  coal-basin  :  but  where  the  denudation  has  been  more 
uniform  down  the  mountain-side,  and  the  inclination  of  the  strata  is  gentle,  it 
forms  rather  the  front  or  supporting  edge  of  a  horizontal  or  sloping  shelf  than  a 
separate  ridge.  The  edge  of  this  mountain  shelf  or  ridge,  as  the  case  may 
be,  is  the  readily  distinguishable  boundary  of  the  productive  Coal-measures, 
the  lowest  notable  coal-bed  usually  outcropping  on  the  valley-side  some  distance 
below  the  slanting  ledge  of  naked  coarse  pebble  rock.  Where  the  dip  is  ex- 
tremely flat,  however,  and  the  conglomerate  uncommonly  thin,  the  last  coal- 
seam  will  often  have  its  margin  or  outcrop  almost  as  high  on  the  mountain-side 
as  the  pudding-stone,  but  it  then  outcrops  at  a  still  wider  interval  inside  of 
that  rock.  This  latter  state  of  things  prevails  in  the  vicinity  of  Scranton  on 
Eoaring  Brook,  and  elsewhere  on  the  S,  side  of  the  coal-basin.  The  average  dip 
of  the  strata  N.AV.  does  not  there  exceed  from  3°  to  5°;  and  as  about  100  feet 
of  lower  Coal-measures,  embracing  two  or  three  thin  coals,  intervene  between 
the  top  layers  of  the  upper  conglomerate  and  the  lowest  seam  worked,  the 
horizontal  space  between  the  pebbly  rock  and  this  coal-bed  is  often  800  and 
sometimes  1000  feet.  To  determine,  therefore,  the  true  limits  of  the  available 
coal-lands  of  a  district  by  the  position  of  the  exposed  outcrop  of  the  conglo- 
merate, in  default  of  sufficient  openings  in  the  coal  itself,  demands  a  nice 
attention  to  the  several  circumstances  of  the  rate  of  dip,  the  thickness  of  the 
interposed  strata,  and  the  features  of  the  denudation,  or  of  the  washing  away  of 
the  overlying  coal-containing  rocks  from  off"  the  barren  floor  of  conglomerate. 

4.  The  last  and  highest  of  the  formations  of  the  region  in  the  order  of  stra- 
tification is  the  Coal-Formation  proper.     In  the  Wyoming  and  Lackawanna 
Basin,  this  consists,  as  is  weU  known,  of  coarse  and  fine-grained  grey  micace- fig.  254. -Vespertine 
ous  sandstones,  pebbly  in  some  of  their  beds ;  and  of  argillaceous  sandstones,  UertzYff  ^HoUowrN.' 
shales,  slates,  and  fireclays — some  more  silicious  and  gritty,  some  more  alumin-  =  fdojhi.°'~^ 
ous  and  smooth  ; — and  between  all  these  are  interstratified  beds  of  anthracite  of  all  dimensions, 
from  a  few  inches  to  many  yards  in  thickness.    All  the  coal-seams,  with  one  or  two  very  local 
VOL.  II.  -28 
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exceptions,  yield  either  wliite  or  grey  ashes  ;  and  as  in  the  Pottsville  and  Shamokin  basins  the 
coals  of  this  character  are  overlaid  by  a  group  of  beds,  producing  red  and  brownish  ashes,  such  as 
are  not  here  met  with,  it  is  fair  to  infer  that  in  this  Wyoming  Valley  we  have  the  representa- 
tives of  only  the  White-Ash  and  Grey -Ash  groups  of  the  other  great  basins.  Denuding 
action,  which  has  been  especially  powerful  here,  may  have  swept  off  the  once  overlying  and 
more  exposed  Eed-Ash  series,  or  these  possibly  may  never  have  been  formed  in  this  Northern 
district. 

It  is  impossible  to  estimate  with  precision  the  total  thickness  of  the  Coal-measures  in  the 
deepest  parts  of  the  Wyoming  and  Lackawanna  Basin,  or  to  count  with  accuracy  the  number 
of  the  available  beds  of  coal  in  those  localities  ;  but  exact  measurement  discloses  in  the  vicinity 
of  Wilkesbarre — the  mdest  and  apparently  the  deepest  portion  of  the  coal-field — the  existence 
of  from  1000  to  1200  feet  of  coal-bearing  strata,  and  the  presence  within  these  of  sixteen  or 
eighteen  separate  beds  of  coal ;  two  or  three  of  these  being  compound  seams  of  great  size,  and 
some  ten  or  more  of  the  whole  series  being  permanently  of  ample  dimensions  for  profitable 
mining.  This  depth  of  the  Coal-measures,  and  number  of  the  contained  coal-seams,  grows  less, 
of  com'se,  from  the  centre  of  the  basin  towards  its  two  margins,  and  also  towards  its  two 
contracting  extremities. 

As  a  provisional  classification  convenient  for  present  reference,  the  whole  body  of  the  Coal- 
measures,  or  coal-containing  strata  of  the  basin,  may  be  divided  into  two  groups — -first,  a  lower 
series,  comprehending  all  the  coals,  some  nine  or  ten  in  number,  great  and  small,  from  the  Serai 

conglomerate  to  the  highest  of  the  set  embracing 
the  great  AVilkesbarre  or  Baltimore  Company's 
seam  ;  and  secondly,  an  upper  group,  of  about 
seven  or  eight  beds  in  all,  commencing  with  the 
large  Pittston  or  Fourteen-feet  bed  as  a  base,  and 
terminating  with  the  Four-feet  Coal  of  the  imme- 
diate vicinity  of  Wilkesbarre,  the  uppermost  whose 
position  I  have  yet  positively  determined  any- 
where in  the  coal-field.  It  is  proper  to  observe, 
that  while  the  lower  group  contains,  where  it  is 
fullest  and  best  exposed,  some  ten  independent 
coals,  there  are  usually  not  more  than  five  of  these 
of  such  dimensions  and  purity  as  to  fit  them  for 
profitable  mining ;  while  from  the  great  fluctua- 
tions in  both  of  these  conditions  to  which  this 
Fig.  2.i6.— Wilkesbarre  Upper  scrics  of  coals  is  liable  bcyoud  all  other  divisions 
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where  no  more  than  two  or  three  of  the  beds  are 
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commercial  value,  in  like  manner,  while  the 
upper  group  includes  of  large  and  trivial  beds  as  many  as  seven  or  eight,  there  is  no  neighbour- 
hood where  more  than  four  of  these  are  of  suitable  size  and  quality  for  working,  and  in  some 
lecalities  the  number  of  such  is  even  fewer. 
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As  resards  the  limits  and  distribution  of  these  two  divisions  of  the  Coal-measures  within  the 
basin,  it  suffices,  for  our  present  purpose  of  a  general  comprehensive  survey,  to  recognise  the  fact, 
that  the  upper  group  is  restricted  to  a  comparatively  short  and  narrow  elliptical  belt  in  the  very 
central  tracts  of  the  coal-field,  its  S.  margin  passing  through  the  low  grounds  S.  and  S.E.  and  E, 
of  Wdkesbarre,  and  by  the  valley  of  Laurel  Run  and  White  Oak  Hollow  to  the  S.  of  Pittston,  and 
the  whole  of  this  basin  of  the  upper  measures  terminating  some  2  miles  to  the  N.E.  of  the  mouth 
of  the  Lackawanna  Eiver  (see  its  boundary  on  the  Map).  On  the  other  hand,  the  lower  series 
occupies  the  entire  area  of  the  coal-field  underlying  the  small  central  basin  of  the  upper  group, 
and  emerges  to  the  surface  aU  round  it,  one  broad  outcrop  filling  the  whole  S.E.  side  of  the 
valley  from  the  margin  indicated,  to  the  S.E.  conglomerate  barrier,  and  another,  the  N.W.,  to  the 
same  terminating  rock  on  the  opposite  mountain.  Below  Nanticoke  and  above  the  vicinity 
of  Pittston,  or  throughout  the  Lackawanna  Basin,  these  same  great  lower  coals  fill  the  whole 
breadth  of  the  valley  from  mountain  to  mountain,  unconcealed  by  any  overlapping  beds  of  the 
upper  set. 

GENERAL  STEUCTUEE  OF  THE  BASIN. 

In  order  to  convey  a  correct  conception  of  the  conditions  under  which  the  coal-beds  and 
coal-rocks  of  this  valley  lie,  and  their  accessibility  for  mining,  it  is  expedient  to  refrain  a  little 
longer  from  local  descriptive  details,  and  proceed  to  a  few  preliminary  considerations  respecting 
the  general  geological  structure  of  the  whole  coal-field.  We  shall  be  thus  prepared  to  under- 
stand much  more  precisely  the  pecidiar  distribution  of  the  coal. 

In  its  general  configuration  the  Wyoming  Basin  is  a  wide  and  shallow  trough,  somewhat 
deeper  in  the  middle  than  at  the  sides,  yet  descending  so  gradually  as  to  be,  if  we  disregard  the 
subordinate  undulations  of  the  strata,  approximately  flat  towards  the  centre.  This  prevailing 
levelness  of  its  bed  or  floor,  notwithstanding  the  considerable  angles  of  dip — at  the  margins 
frequently  more  than  30° — is  at  once  apparent  when  we  compare  the  great  width  of  the  val- 
ley, 4  or  5  miles  in  its  middle  district,  with  the  very  moderate  depth  of  1200,  or  1500,  or 
perhaps  1800  feet,  which  the  sections  seem  to  assign  to  it,  in  this  its  most  capacious  portion. 
Laborious  explorations  and  measurements  have  enabled  me  to  bring  to  light  within  the  general 
basin  the  existence  of  a  great  number  of  nearly  parallel  lesser  troughs  or  basins,  with  inter- 
vening saddles  or '  anticlinal  waves  in  the  coal  strata,  and  to  trace  these  individually,  and 
develop  the  law  of  their  direction,  and  their  efiects  on  the  local  distribution  of  the  beds  of  coal. 
These  investigations  have  shown  that  the  same  coal-seams  and  other  strata  are  repeated,  within 
certain  limits,  from  one  wave  to  another,  so  as  to  maintain,  despite  the  local  steepnesses  of  dip, 
one  average  uniformity  in  the  depth  of  the  coal-field  at  any  given  cross-section.  This  general 
levelness  of  the  bottom  is  independently  established  by  a  comparison  of  the  vertical  thickness 
of  the  strata  at  many  points  within  the  valley. 

The  whole  coal- valley  may  be  likened  to  a  flat-bottomed  boat,  tapering  gradually  from  the 
middle  towards  both  extremities,  and  as  gradually  shoaling  up  in  those  directions  ;  though  the  boat 
is  not  a  straight  one,  but  curves  constantly,  crescent-like,  towards  one  side,  and  the  resemblance 
is  further  deficient  in  the  bottom  not  being  smooth,  but  ridged  with  the  waves  above  spoken  of. 
This  shoaling  or  thinning,  by  superficial  removal,  of  the  Coal-measures,  towards  either  end  of 
the  trough,  though  within  restricted  limits  locally  modified  by  the  undulations,  is  not  a 
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uniformly  progressive  feature,  but  advances  suddenly,  and  then  more  slowly,  along  certain 
portions  of  the  valley.  Thus  it  seems  to  proceed  rather  rapidly  from  Wilkesbarre  N.E.  past 
Pittston,  and  to  be  almost  arrested,  thence  along  the  Lackawanna  Valley  from  near  the  mouth 
of  Spring  Brook,  until  we  pass  beyond  Scranton,  while  a  more  rapid  lifting-out  of  the  strata 
seems  again  to  commence  near  Legget's  Gap,  and  to  continue  steadily  to  the  termination  of 
the  basin  at  Carbondale.  This  fact  of  the  very  slow  rise  of  the  coal-rocks  as  we  ascend  the 
Lackawanna  from  the  Falls  to  a  mile  or  more  beyond  Scranton,  would  seem,  at  first  glance,  to 
nearly  equalise  the  quantity  of  available  coal  for  equal  areas  throughout  this  reach  of  the  valley  ; 
but  a  detailed  examination  of  the  comparative  resources  of  the  several  tracts  of  this  district 
discloses  quite  remarkable  differences,  dependent  on  various  conditions  not  connected  merely 
with  the  depth  of  the  Coal-measures.  Among  these  modifying  circumstances,  those  of  conspicu- 
ous importance  are,  the  variations  in  the  number,  thickness,  and  purity  of  the  coal-beds  within 
the  same  mass,  or  thickness  of  coal  strata  ;  the  comparative  quantities  of  minable  coal  above  the 
beds  of  the  ravines  and  valleys,  the  accessibleness  of  the  coal  to  economic  mining  and  ready 
drainage,  as  afiected  by  the  direction  and  degree  of  dip  of  the  strata,  and  the  greater  or  less 
extent  to  which  the  strata,  and  especially  the  seams  of  coal,  are  obscured,  preventing  successful 
mining,  or  concealed  altogether  from  discovery  by  the  very  unequal  covering  of  drift  or  gravel 
which  hides  from  view  large  patches  of  the  coal-formation  in  this  part  of  the  basin.  So 
influential  are  these  and  other  conditions  on  the  productive  capacity  of  any  given  tract,  that  it 
may  "be  said  that  a  different  mining  value  characterises  every  different  half  square  mile  of  the 
valley,  rendering  it  quite  unsafe  to  infer  from  the  ascertained  geology  and  resources  of  one 
range  of  land,  the  commercial  value  of  grounds  adjoining,  unless  these  have  been  themselves 
carefully  and  experimentally  opened,  and  the  specific  relations  of  the  unknown  portions  to  the 
known,  well  established.  Circumstances  seemingly  the  most  trivial — as,  whether  with  a  gentle 
dip  the  coal-beds  lying  above  the  water-level  of  a  valley  incline  into  the  hill  or  table-land  which 
bounds  it,  or  outwards  towards  the  low  grounds,  determining  whether  machinery  must  be  or 
need  not  be  used — -will  oftentimes  make  a  difference  in  the  economy  of  mming  the  coal  equivalent 
to  the  whole  margin  of  average  profit  to  be  anticipated  ;  and  therefore  no  speculative  anticipa- 
tions beyond  very  vague  and  general  ones  are  to  be  built  upon  any  generalisations  extended  to 
unexplored  lands,  from  those  where  the  geological  structure,  mineral  contents,  and  mining  capa- 
bilities are  already  ascertained, 

UNDULATIONS  OF  THE  BASIN. 

There  are  several  features  connected  with  the  undulations  of  the  Coal-measures  in  the 
Wyoming  and  Lackawanna  Valley,  which  claim  attention  in  any  general  survey  of  the  structure 
and  mining  capabilities  of  this  basin,  or  in  any  comparison  of  the  resources  of  its  different 
sections.  Some  of  these  concern  the  directions  of  the  undulations  with  respect  to  each  other, 
and  to  the  course  of  the  general  valley  which  contains  them  ;  while  others  belong  to  the  forms 
of  the  undulations,  and  the  law  of  their  steepening  and  subsiding. 

1.  The  feature  of  widest  generality  connecting  these  anticlinal  and  synclinal  waves,  or 
saddles  and  troughs  of  the  strata,  is  their  remarkable  approximation  to  parallelism  throughout 
the  entire  range  of  the  basin,  irrespective  of  the  bending  course  of  the  Main  Valley  and  its 
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including  mountains.  This  constancy  in  the  direction  of  the  waves,  though  singularly  close,  is 
not  absolute,  when  those  of  distant  sections  of  the  valley  are  compared,  there  being  a  difference 
between  the  anticlinals  of  the  vicinity  of  Wilkesbarre  and  those  of  the  Lackawanna  Valley  of 
some  6°,  the  former  ranging  about  N.  67°  E.,  while  the  latter  observe  an  average  course  of  N.  72" 
or  73°  E.  It  is,  however,  with  few  exceptions,  strictly  maintained  among  the  flexures  of  the 
same  district. 

As  a  natural  consequence  of  this  approximate  permanency  of  direction  of  the  undulations, 
and  the  curving  outline  of  the  general  basin,  it  is  only  in  the  lower  or  W,  end  of  the  valley  that 
these  rolls  of  the  strata  are  parallel,  or  even  nearly  so,  within  the  main  course  of  the  valley. 
There  the  chief  groups  among  the  anticlinals  approach  to  a  coincidence  in  direction  with  the 
moimtain  forming  the  S.  side  of  the  basin.  Advancing  N.E.  to  the  Wilkesbarre  and  Pittston 
districts,  this  parallelism  mtli  the  mountain  border  is  more  and  more  departed  from,  and  with 
its  progressive  deflection  to  the  N.,  along  the  S.E.  side  of  the  Lackawanna  Valley,  the  obliquity 
of  the  undulations  to  the  line  of  the  basin  and  its  barriers  grows  conspicuously  greater.  From 
the  vicinity  of  Wilkesbarre,  and  probably  from  further  W.  the  whole  way  to  Carbondale,  these 
anticlinals  come  forth  in  succession  from  the  mountain-sides  of  the  valley  at  larger  and  larger 
angles  as  we  advance  towards  the  N.E.,  the  anticlinal  waves,  broad  and  flat  on  the  slope  of  the 
mountains,  pointing  down  obliquely  W.  into  the  valley,  and  contracting  and  growing  steeper ; 
while  the  synclinal  troughs  between  them  rise  out  of  the  central  bed  of  the  basin,  flattening  and 
shoaling  up  to  the  E.,  to  disappear  at  higher  levels  on  the  same  mountain -sides.  This  arrange- 
ment is  discernible  in  the  undulations  of  both  sides  of  the  basin,  but  those  of  the  S.E.  side  being 
more  numerous,  of  steeper  flexure,  and  less  obscured  by  diluvial  drift,  the  feature  is  there  more 
conspicuous.  Each  of  the  two  mountain-barriers  of  the  valley,  with  its  set  of  anticlinal  spurs 
passing  ofl"  from  it  at  successively  increasing  angles,  may  be  likened  to  a  curving  fish-back,  one 
concave,  the  other  convex,  sending  out  its  spines  or  rays  at  increasing  obliquities,  but  in  mutual 
parallelism  with  one  another. 

2.  A  further  general  fact  connected  with  these  undulations  of  the  Coal-measures — interest- 
ing for  its  geological  bearings,  and  not  less  so  for  its  practical  consequences — is  the  curious 
declining  gradation  observable  in  the  sharpness  of  the  successive  undulations  as  we  proceed  from 
S.W.  to  N.E.  along  the  basin.  Not  only  does  each  anticlinal  of  the  S.E.  side  of  the  valley  grow 
gentler  or  flatter  in  its  dips  as  it  slowly  rises  to  the  E.,  but  the  successive  ones  are  fainter  and 
fainter  at  the  same  proportionate  sections  of  their  length  as  we  cross  them  obliquely  in  going 
towards  the  N.E.  Those  of  all  the  lower  or  W.  end  of  the  valley,  from  Beech  Grove  to  Nanti- 
coke,  show  inclinations  as  high  as  45° ;  those  between  Nanticoke  and  Wilkesbarre  display  dips 
exceeding  30° ;  and  those  between  Wilkesbarre  and  Pittston,  dips  averaging  20°  or  25" ;  while, 
following  the  Lackawanna  division  of  the  basin,  we  have  no  longer  anything  approaching  this 
last  steepness  of  flexure — except  just  near  the  ends  of  the  saddles — but  rather  a  low  broad 
waving  of  the  rocks,  growing  feebler  and  feebler  as  we  advance,  until,  passing  Scranton  into 
the  district  between  it  and  Archbald,  regular  undulations  become  almost  imperceptible,  and  are 
lost  in  the  very  gradual  dips  into  the  middle  of  the  general  trough  from  the  two  borders  of  the 
valley.  Accompanying  this  progressive  smoothing-out  of  the  waves  or  corrugations  of  the  strata 
from  the  S.W.  towards  the  N.E.  end  of  the  whole  basin,  there  is  a  like  gradual  transition  of 
declension  in  its  external  features,  from  sharp  and  narrow-crested  ridges  and  deep  hollows  to 
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rounder  and  gentler  spurs  and  valleys,  and  along  the  Lackawanna  to  wide-topped  summits, 
blufts,  and  open  denuded  plains. 

3.  Other  points  of  general  structure,  appertaining  to  the  interior  undulations  of  the  main 
basin,  have  reference  to  the  prevailing  form  of  the  anticlinals  and  their  troughs.  A  main 
feature  in  the  individual  waves  is  a  progressive  increase  of  flexure,  or  a  steepening  of  the  dips 
on  both  sides  of  the  anticlinals  as  they  advance  from  the  mountain-sides,  where  they  originate, 
out  into  the  central  tracts  of  the  valley  to  near  their  terminations,  which  are  therefore  compara- 
tively abrupt.  Remarkably  clear  exemplifications  of  this  structure  present  themselves  to  any 
close  observer  of  the  anticlinals  between  Wilkesbarre  and  the  Lackawanna.  If  these  be  carefully 
traced  from  the  E.  down  to  this  district,  they  will  be  seen  to  grow  steadily  sharper  and  sharper 
in  their  dips,  until  they  approach  in  their  oblique  course  to  the  banks  of  the  Susquehanna,  in 
the  neighbourhood  of  which  they  nearly  all  subside  by  bluntly  rounding  off.  In  proof  of  this 
abrupt  cessation,  we  have  only  to  remark  the  contrast  between  the  general  steepness  of  these 
undulations,  where  they  are  crossed  slantingly  by  the  old  stage-road,  or  even  by  the  plank-road, 
and  the  extreme  gentleness  and  absolute  disappearance  of  many  at  the  canal,  and  especially  at 
the  shore  of  the  river.  The  very  position  in  the  valley  which  the  river  has  taken,  between  the 
mouth  of  the  Lackawanna  and  Wilkesbarre,  is  an  evidence  of  the  sudden  dying-out  of  this 
Southern  system  of  anticlinals.  It  would  seem  as  if  the  waters,  in  scooping  the  lower  valley  or 
plain  within  which  the  Susquehanna  flows,  had  been  unable  to  pass  the  succession  of  barriers 
presented  to  them  by  these  ridges  in  the  strata,  and  were  forced  to  recoil  by  the  N.  flanks  and 
bold  ends  which  the  saddles  protruded  agaiust  them,  swinging  off  in  their  rebound  to  follow  the 
deflecting  course  of  the  waves  of  the  strata  towards  the  outlet  of  the  drainage  of  the  valley,  the 
wide  notch  in  the  Northern  mountain-barrier  at  Nanticoke. 

The  N.  or  N.W.  side  of  the  valley  appears  to  have  its  own  set  of  anticlinals  or  saddles,  as 
already  intimated ;  but  whether  these  observe  the  same  law  in  their  oblique  descent  into  the 
valley  from  the  W.  of  a  progressive  increase  of  dij)  on  both  their  flanks,  I  am  not  prepared  at 
present  to  maintain,  as  the  structure  of  this  portion  of  the  valley  is  largely  disguised  by  surface 
drift,  and  as  the  points  of  many  of  the  spurs  or  saddles  are  hid  by  the  deep  dikmum  of  the 
Wyoming  and  Lackawanna  flats.  All  analogy,  and  every  theoretical  consideration  of  the  origin 
of  this  curious  feature  in  the  anticUnals,  would  indicate,  however,  that  the  same  steepening 
towards  their  terminations  belongs  to  these  waves,  which  characterises  those  coming  from  the 

opposite  mountain  lying  E.  Whether  any 
of  the  flexures  of  the  upper  strata  cross 
the  basin  entirely,  passing  W.  from  the 
Southern  Mountain  to  coincide  with  un- 
dulations proceeding  E.  from  the  Northern, 
cannot  be  at  present  known  ;  but  the  general  cessation  of  both  sets  towards  the  middle  of  the 
basin  is  a  strong  intimation  of  the  improbability  of  such  a  condition.  The  wood-cut  here  intro- 
duced displays  one  of  the  small  flanks  of  the  N.  side  of  the  basin  known  as  Campbell's  Ledge. 
It  is  a  roll  in  the  Serai  conglomerate,  exposed  in  the  E.  side  of  the  gap  of  the  Susquehanna. 
The  face  of  the  cliff,  ranging  nearly  N.  and  S.,  is  called  also  the  Dial  Knob. 

4.  Besides  the  long  parallel  tapering  anticlinal  waves  coming  very  acutely  off  from  the 
mountain-borders  of  the  basin,  there  are  numerous  shorter  and  narrower  ones,  having  the  form 


Fig.  257. — Campbell's  Ledge  above  Pittstuii,  Su^.julIuuuj^i  Ciap. 
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of  oval  keels  or  saddles,  which  do  not  run  into  the  mountains,  but  lie  more  or  less  insulated. 
Undulations  of  this  class  are  more  frequent  in  the  central  tracts  of  the  valley  than  towards  the 
sides,  and  their  relative  proportion  to  those  of  the  longer  form  seems  to  increase  steadily 
towards  the  upper  or  N.E.  end,  becoming  between  Scranton  and  Carbondale  rather  the  pre- 
vailing type.  In  the  uppermost  parts  of  the  Lackawanna  Basin,  we  may  indeed  generally  describe 
the  flexures  of  the  strata  less  as  continuous  waves  or  ridges  than  as  successions  of  these 
elongated  elliptical  swells,  some  of  them  bulging  into  considerable  steepness,  but  the  chief  part 
of  them  low  and  gentle  waves,  often  too  obscure  to  be  detected  externally  in  the  topography, 
or  in  the  dipping  of  the  rocks,  yet  obvious  in  the  mining  of  the  coal,  over  which  the  feeblest 
undulations  exert  an  almost  tyrannic  control,  as  regards  the  directions  of  the  levels  and  gang- 
ways within  the  mines.  It  is  a  consideration  of  this  important  connection  between  the  forms 
of  the  crust-waves  and  the  whole  economy  of  mining  in  our  undulating  coal-fields  that  induces 
me  in  this  place  to  dwell  so  minutely  on  the  several  shapes  which  these  assume. 

5.  There  is  still  a  lesser  class  of  undulations  in  the  coal-rocks,  which  the  progress  of  mining  in 
the  region  is  constantly  bringing  to  light,  and  which  demand  some  mention  here.  These  are 
the  small  irregular  subordinate  rolls,  or  short  and  narrow,  but  not  always  flattish  wavings  of  the 
strata,  on  the  flanks  of  the  principal  anticlinals.  In  some  districts  of  the  anthracite  basins,  these 
secondary  flexures,  whether  on  the  backs  or  sides  of  the  main  saddles,  or  in  the  troughs  between 
them,  are  for  the  most  part  parallel  with  the  principal  undulations  which  support  them  ;  but  in 
the  Wyoming  and  Lackawanna  Coal-field,  and  other  regions  of  oblique  anticlinals,  they  are 
themselves  acutely  oblique  to  the  axes  of  the  great  waves  which  sustain  them.  Their  arrange- 
ment is  somewhat  analogous  to  that  of  the  small  feathers  or  plumelets  on  the  side  of  a  bird's 
wing ;  while  the  whole  wing  diverges  and  tapers  from  the  body  of  the  bird — the  mountain 
boundary  of  the  basin — these  lateral  lesser  plumes  diverge  and  taper  in  their  turn  from  the  main 
direction  or  axis  of  the  wing.  Wherever  this  structure  prevails  in  its  fullest  symmetry,  the  mine 
levels  or  gangways,  when  extensive,  will,  in  winding  in  and  out  on  the  sides,  or  at  the  foot  of  a 
chief  anticlinal  ridge,  have  that  variety  of  the  scallop  form  which  we  may  call  oblique,  the  convex 
loops  all  pointing  in  one  direction — that,  namely,  towards  which  the  main  anticlinal  is  itself 
subsiding.  These  secondary  rolls  are  numerous  in  the  Great  Mine  of  the  Baltimore  Company, 
near  Wilkesbarre. 

6.  Viewing  the  undulations  of  the  Wyoming  and  Lackawanna  Coal-field  transversely  or 
in  profile,  they  exhibit  in  the  main  the  same  feature  of  a  preponderating  steepness  of  dip  on 
their  North-western  sides  which  characterises  the  chief  part  of  the  secondary  flexures  of  the 
Pottsville  Basin  ;  but  inasmuch  as  all  the  inclinations  of  the  rocks  of  this  Northern  district  are 
far  gentler  than  those  of  that  Southern  coal-field,  in  the  same  proportion  is  the  inequality  less 
in  the  slopes  of  the  opposite  sides  of  the  anticlinals,  until,  in  the  Lackawanna  Valley  and 
other  very  gently  undulated  districts,  the  difference  in  an  average  of  several  waves  is  almost 
imperceptible.  The  general  trough-like  structure  of  the  valley  in  these  sections  disputing  its 
influence  on  the  inclination  of  the  strata  with  the  local  flexures,  the  undulations  of  the  S.E.  side 
of  the  basin  show  their  steepest  dips  to  the  N.W.,  or  towards  the  bed  of  the  valley,  while  those 
of  the  N.W.  side  exhibit  theirs  on  their  S.E.  flanks,  or  towards  the  same  controlling  synclinal 
line.  In  the  W.  end  of  the  Wyoming  Valley,  the  undulations  being  there  sharper,  the  general 
law  of  inequality  in  the  slant  of  the  sides  of  the  waves  is  much  more  conspicuous  than  in  the 
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Lackawanna  Valley,  where  all  tlie  flexures  are  flatter,  and  where  local  swells  have  a  relatively 
greater  power  to  disguise  the  existence  of  any  general  law  of  form  in  the  undulations. 

Having  in  the  foregoing  paragraphs  unfolded  as  succinctly  as  was  compatible  with  clearness 
the  general  characteristics  of  the  structure  of  the  curiously-fashioned  beautiful  coal-field  of  the 
North  Branch  of  the  Susquehanna,  it  is  incumbent  on  me  to  ofier  now  a  more  special  and  minute 
description  of  the  better  developed  districts  of  the  valley. 

THE  COAL  -  MEASUEES. 

It  has  been  already  stated  that  the  coal-containing  strata  of  the  coal-field  generally 
appertain  to  the  White-Ash  Coal-measures  of  the  anthracite  basins  ;  and  it  was  also  remarked 
that  this  group  exhibits  greater  fluctuations  in  the  dimensions  and  quality  of  the  coal-beds  than 
any  other  subdivision  of  the  whole  coal-formation.  These  fluctuations,  it  is  appropriate  to  add, 
belong  equally,  or  in  a  greater  degree,  to  the  rocks  which  fill  the  intervals  between  the  coal-beds. 
It  would  seem  as  if  the  physical  conditions  under  which  these  earliest  coal  strata  were  deposited, 
were  more  inconstant  than  those  which  belonged  to  the  later  stages  of  the  formation.  The 
spaces  over  which  the  nearly  perfect  state  of  repose  of  the  surface  prevailed,  necessary  to  the 
accumulation  by  slow  growth  of  the  vegetable  peaty  mass  producing  each  seam  of  coal,  were 
evidently  of  a  narrower  geographical  extent  than  afterwards  ;  and  the  currents  and  disturbances 
of  the  earth's  crust,  which  buried  these  successive  peat-swamps  under  the  clayey,  sandy,  and  even 
coarse  gravelly  strata  that  rest  upon  or  between  them,  were  obviously  much  more  violent  than 
in  the  middle  and  final  ages  of  the  great  coal  period. 

Nowhere,  perhaps,  in  the  anthracite  country,  are  the  proofs  of  this  instability  of  the  surface 
during  the  first  stages  of  the  coal-formation  more  conspicuously  manifested  than  in  the  Wyo- 
ming and  Lackawanna  Basin.  Here  we  find,  in  certain  neighbourhoods,  in  the  same  few  hundred 
feet  thickness  of  the  lower  coal  strata,  as  many  as  ten  or  twelve  separate  beds  of  coal,  while  in 
other  localities  there  exist  not  more  than  half,  or  even  a  third  of  this  number  ;  and  what  is  more 
material,  the  very  same  individual  bed  which  in  one  quarter  possesses  an  ample  or  indeed  super- 
abundant thickness,  is  in  another  only  a  dwindled  seam,  too  thin  or  too  impure  for  profitable 
mining.  Without  attempting  any  close  continuous  tracing  of  the  several  coals,  which  can  only 
be  done  when  the  district  shall  have  become  much  more  extensively  mined,  I  may  exemplify  the 
variability  of  these  Coal-measures  by  appealing  to  the  very  different  types  which  they  assume 
in  the  three  meridians  of  Solomon's  Gap,  S.W.  of  Wilkesbarre  ;  Spring  Brook,  S.E.  of  Pittston  ; 
and  the  vicinity  of  Scranton, 

At  Solomon's  Gap,  the  group  of  lower  White- Ash  Coal-measures  (see  Fig.  255,  p.  322),  extend- 
ing from  the  foot  of  the  mountain  N.W.  across  the  basin,  to  the  edge  of  the  diluvial  flats  of  the 
Susquehanna,  includes  in  a  thickness  of  900  or  1000  feet  as  many  as  thirteen  beds  of  coal  of 
various  sizes,  from  1  foot  to  19  feet  ;  and  the  total  thickness  of  coal,  fit  and  unfit  for  mining, 
embraced  by  this  section,  may  be  estimated  at  nearly  84  feet.  But  out  of  this  aggregate  quantity, 
the  thickness  susceptible  of  being  profitably  wrought  does  not  probably  amount  in  all  to  more 
than  45  or  50  feet.  Traced  E.  and  W.,  these  coal-beds  undergo,  even  in  the  space  of  2  or  3 
miles,  some  very  remarkable  variations.  Thus  the  fifth  in  position  from  the  bottom  enlarges  in 
that  distance  from  a  thickness  of  1 7  feet  at  Solomon's  Gap  to  the  noble  bulk  of  28  feet  opposite 
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to  Wilkesbarre,  beyond  which  neighbourhood  it  seems  again  to  decline  even  more  rapidly 
than  towards  the  S.W.  These  fluctuations  arise  partly  through  the  coalescing  of  two  or 
more  beds  into  one,  or,  conversely,  through  a  splitting  and  diverging  of  the  thicker  seams  into 
two  or  three  thinner  ones  ;  or  partly,  again,  by  the  gradual  alterations  of  size  of  the  same  coals, 
independently  of  such  unions  and  subdivisions. 

If  we  turn  now  to  the  district  of  Spring  Brook,  we  shall  find  all  the  features  of  the  formation 
so  altered  as  to  present  not  one  subdivision,  neither  coal-bed  nor  other  stratum,  which  we  can 
recognise  or  identify  as  a  member  of  the  series  visible  in  the  vicinity  of  Solomon's  Gap.  In  a 
total  thickness  of  several  hundred  feet  of  Coal-measures,  embraced  between  the  outcrop  of  the 
Main  Pittston  Seam  and  the  conglomerate  of  the  mountain  to  the  S.E.,  only  six  coals  in  all, 
according  to  the  largest  estimate,  have  ever  been  brought  to  light,  after  close  and  persevering 
researches,  and  only  two  of  these  appear  to  have  a  size  and  purity  adapting  them  for  successful 
mining.  There  would  seem  to  take  place  between  the  neighbourhood  of  Solomon's  Gap,  or 
Wilkesbarre,  and  this  quarter,  a  progressive  impoverishment  of  these  lower  strata  in  the  number 
and  size  of  their  included  coal-beds,  and  likewise  in  the  rocks  themselves,  which  thin  down  con- 
siderably. As  a  consequence,  this  portion  of  the  Southern  skirt  of  the  valley  contains  no 
collieries  of  any  magnitude. 

Another  and  opposite  change  back  to  a  very  productive  condition  of  the  Coal-measures,  is 
exhibited  as  we  continue  our  progress  along  the  same  side  of  the  basin  N.E.  up  the  Lackawanna 
VaUey  to  the  vicinity  of  Scranton. 

We  proceed  now  to  a  detailed  examination  of  the  basin,  beginning,  as  usual,  at  the  N.E. 
extremity,  and  proceeding  towards  the  S.W. 

Subdivismis  of  the  Coal-field. — The  whole  Northern  coal-field  thus  sketched  may,  for  con- 
venience, be  subdivided  into  five  districts,  the  limits  of  which  are,  however,  somewhat  arbitrary. 
Proceeding  from  N.E.  to  S.W.  these  are  : — 

1.  The  Carbondale  and  Archhald  District. — This  extends  from  the  N.E.  extremity  of 
the  basin,  7  {V}  miles  above  Carbondale,  to  the  vicinity  of  Jessup,  W.  of  Archbald.  It  is  15  or 
16  miles  long,  and  expands  from  a  narrow  point  to  a  breadth  at  Archbald  of  more  than  4^ 
miles.  Though  wide,  it  is  obviously  very  shallow,  containing  even  at  its  lower  end  only  from 
300  to  400  feet  of  thickness  of  the  coal  strata,  and  in  some  belts  much  less.  Its  flat  floor  is 
gently  and  irregularly  undulated,  the  anticlinal  flexures  in  some  places,  as  at  Archbald,  actually 
lifting  the  rock  below  the  coal  into  view. 

2.  The  Scranton  District. — This  division  of  the  basin,  in  the  centre  of  which  is  the  town  of 
Scranton,  lies  between  Jessup  on  the  N.E.  and  Spring  Brook  on  the  S.W.  Its  length  is  about 
12  miles,  and  its  average  breadth,  between  margin  and  margin  of  the  coal-rocks,  is  not  less  than 
4-|  miles.  It  is  traversed  by  more  decided  and  longer  undulations  of  the  strata,  its  more  Southern 
anticlinal  axes  being  individually  traceable.  The  Coal-measures  of  this  district  are  deeper  than 
further  up  the  valley,  and  the  number  of  separate  coal-beds  amounts  in  the  deepest  parts  to 
about  ten. 

3.  The  Pittston  District. — From  Spring  Brook  to  Laurel  Run  a  third  somewhat  natural  seg- 
ment of  the  coal-field  may  be  recognised,  which  I  propose  to  caU  the  Pittston  District.  It  is 
between  9  and  1 0  miles  long,  and  expands  from  a  width  of  4  miles,  which  it  has  at  Spring  Brook, 
to  one  of  5^  miles  at  Laurel  Run.    It  contains  its  own  group  of  flexures  of  the  strata,  which  are 
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numerous,  long,  straight,  closely  approximated,  and  nearly  parallel.  It  diflfers  from  the  district 
N.E.  of  it  in  containing  a  higher  group  of  coal-seams,  and  therefore  a  thicker  body  of  Coal- 
measures. 

4.  The  WilJcesbarre,  Nanticohe,  and  Shichshinny  District. — This  rather  natural  division  of 
the  coal-field,  extending  from  Laurel  Kun  to  the  W.  end  of  the  basin,  and  lying  S.  of  the  Sus- 
quehanna, has  a  length  of  about  18  miles,  and  contracts  from  its  maximum  breadth  of  4^  miles 
at  AVilkesbarre  to  a  mere  point  W.  of  the  intersection  of  the  river.  In  the  vicinity  of  Wilkes- 
barre  this  district  embraces  the  thickest  body  of  Coal-measures  within  the  coal-field,  and  there- 
fore a  greater  number  of  coal-seams,  having  apparently  two  or  three  seams  more  than  belong  to 
the  Pittston  district  (unless,  indeed,  at  Port  Griffith).  Westward  the  basin  grows  more  and  more 
sharply  undulated,  and  approaching  Shickshinny,  its  surface,  from  this  circumstance,  and  from 
excessive  erosion,  is  roughly  and  wildly  curved  and  gashed. 

5.  Wyoming,  Kingston,  and  Plymouth  District. — This  is  the  slender  belt  of  the  coal-field 
which  lies  N.  of  the  Susquehanna,  or  between  it  and  the  Shawnee  Mountain.  Nearly  one-half  of 
it  is  superficially  covered  with  a  deep  stratum  of  diluvial  and  aUuvial  matter  efiectually  hiding  the 
Coal-formation,  while  the  other  or  N.  half  presents  a  very  accessible  strip  of  the  Coal-measures 
at  the  base  and  in  the  gentle  much-channelled  slope  of  the  mountain.  It  contains  the  lower  coal- 
beds  moderately  undulated  by  a  series  of  short,  rather  feeble,  parallel  anticlinal  flexures. 


CHAPTER  II. 

CARBONDALE  AND  ARCHBALD  DISTRICT. 

Valley  N.E.  of  Ca^'hondale. — The  topographical  features  of  the  valley  of  the  Lackawanna 
above  Carbondale  are  quite  simple.  Upon  either  side  of  the  river  the  land  rises  in  a  succession 
of  slopes,  with  intervening  terraces  or  benches,  to  the  mountain-summits  bounding  the  basin  on 
the  E.  and  W.  It  is  as  yet  an  undeveloped  region,  and  is  covered  for  the  most  part,  by  a  dense 
growth  of  forest.  But  few  explorations  have  been  made  in  this  upper  district,  and  they  have 
not  led  to  any'  very  encouraging  results.  In  the  absence  of  reliable  data  our  notice  of  it  will  be 
brief. 

From  the  position  occupied  by  the  Serai  conglomerate  upon  Fall  Brook,  upon  the  W.  or  N.W. 
side  of  the  basin  near  Carbondale,  it  would  appear  to  hold  its  place  not  far  from  the  crest  of  the 
mountain  on  that  side  of  the  basin,  as  far  N.  as  our  general  Map  of  the  region  has  been  prolonged. 
It  evidently  does  not  rise  out  in  basin  form  for  some  distance  further  N. ;  owing,  however,  to  its 
gentle  inclination  on  both  sides  of  the  valley,  and  perhaps  to  one  or  two  rolls  which  elevate  the 
more  central  trough,  the  basin  must  be  shallow,  and  there  is  little  hope  of  finding  in  it  any  great 
thickness  of  valuable  Coal-measures.  On  the  E.  or  S.E.  side  of  the  basin,  the  conglomerate 
found  upon  the  hill-face,  among  the  back  streets  of  the  town-plot  of  Carbondale,  passes  near  the 
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foot  of  Plane  No.  3  of  the  Delaware  and  Hudson  Company's  Railroad,  and  follows  the  inner  ridge 
of  the  mountain  bounding  the  basin  on  the  E. 

On  lands  held  by  Mr  Woodman,  situated  6  miles  above  Carbondale,  diggings  have  been  made 
to  find  coal.  Several  seams  have  been  struck ;  the  thickest  coal  visible  did  not  exceed  5  feet, 
and  displayed  a  very  rough  peculiar  texture,  making  it  of  little  value.  It  is  possible  that  in  the 
progress  of  research  more  hopeful  results  may  be  attained,  though  our  explorations  hold  out  no 
very  flattering  encouragement. 

Of  the  Lackawanna  Basin  from  Carbondale  southward. — Coming  now  to  the  Carbondale 
district  of  the  Lackawanna  Basin,  we  are  guided  to  much  more  satisfactory  and  positive  results 
by  the  extensive  mine-workings  of  the  Delaware  and  Hudson  Coal  and  Canal  Company.  This 
corporation  holds  large  tracts  of  land  in  the  valley  as  far  S.  as  Archbald,  where  it  is  also  largely 
engaged  in  the  mining  of  coal.  Between  Archbald  and  Carbondale,  coal  is  transported  over  a 
railroad  8  miles  in  length,  so  inclined  as  to  permit  the  cars  to  run  by  gravity.  Upon  the  same 
principle,  the  empty  cars  are  returned  upon  another  road  to  the  point  of  departure.  From  Car- 
bondale the  coal  finds  an  outlet  to  market  by  a  series  of  planes,  and  a  gravity-road  over  the 
mountain  to  Honesdale,  whence  it  is  shipped  upon  the  Delaware  and  Hudson 
Canal  to  the  tide-water. 

By  a  reference  to  our  column  of  the  stratification  in  the  vicinity  of  Archbald, 
it  will  be  seen  that  there  are  enumerated  the  four  coal-seams  of  workable 
^^silref  at"car*bondde!  dimcusions.  Of  thcsc  Only  two  are  found  at  Carbondale,  and  upon  the  upper  and 

1  inch  =  200  feet.      n  •  j_ttit 

larger  oi  the  two,  mmes  are  established. 

Below  the  great  bed  are  two  smaller  coals,  equivalents  of  those  shown  in  the  Section  at  Arch- 
bald. The  lower  of  these  lies  close  to  the  conglomerate,  and  measures  18  or  20  inches.  It  may 
be  seen  near  the  falls  of  Fall  Brook.  The  upper  is  larger,  measuring  3^  feet  in  thickness.  It 
has  been  found  on  Racket  Brook,  near  Mr  Charles  Wurtz's  house. 

The  basin  of  the  Big  Coal  is  a  broad  and  simple  one,  the  dips  on  both  sides  being  quite 
gentle,  and  uninterfered  with  by  anticlinal  rolls.  Its  centre  line  or  axis  bears  about  N.  25°  E., 
and  S.  25°  W.  From  the  neighbourhood  of  Shaft  No.  2  on  Coal  Brook,  it  passes  about  300  feet 
W.  of  the  "  New  Slope  "  at  the  Montrose  Road,  about  the  same  distance  from  the  "  New  Mine  " 
Slope,  and  thence  under  the  plank  road,  near  the  crossing  of  the  "  loaded  "  track,  to  the  new 
mine.  No.  3,  at  the  high  trestling.  From  this  line  it  rises  out  to  day  on  its  Westward  dip  in  the 
bluff  on  the  N.  side  of  the  river,  where  several  mine-mouths  enter  it.  Denudation  has  carried 
away  this  valuable  coal  in  the  immediate  valley  of  the  river  at  Carbondale,  nor  is  it  found  in 
the  rising-ground  back  of  the  town.  Its  dip  is  so  gentle  that  it  w^as  found  in  the  hill  which 
supports  Plane  No.  1,  N.E.  of  the  town,  and  it  has  been  mined  to  some  extent  by  Mr  Clark 
and  others. 

Addressing  ourselves  now  to  the  line  of  outcrop  of  the  great  bed,  we  may  trace  it  as  follows  : 
From  a  point  S.  of  Shaft  No.  2,  it  occupies  the  face  of  the  low  bluff  bordering  the  flats  of  the 
Lackawanna  ;  passing  the  "  New  Slope  "  and  the  "  New  Mine,"  it  runs  parallel  to  the  river  to 
the  "  Dip  Mine."  Thence  it  deflects  Southward,  crossing  the  river,  and  passes  Eastward  along 
the  river  for  about  1000  feet ;  again  it  turns  Southward  for  another  1000  feet  to  the  slope  of  the 
hiH  overlooking  Powderly  Creek.  Along  this  hiU-face,  from  the  loaded  track  at  the  high  trestling, 
it  passes  parallel  to  the  creek  and  the  empty  track  of  the  railroad  to  the  Powderly  branch-road. 
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It  then  crosses  the  valley  of  the  creek  above  the  tunnel,  Mine  No.  3,  and,  passing  the  Powderly 
Mines,  is  lost  in  the  high  wooded  lands  to  the  South.  On  the  N.  side  of  the  basin  it  has  been 
opened  near  Fall  Brook  at  Brennan's  Mines,  at  the  old  Fall  Brook  Mines,  and  on  the  S.  side  of 
the  river,  near  its  brink,  at  Shaft  No.  1  of  the  Company.  Westward  of  the  latter  point,  on  the 
N.W.  side  of  the  river,  Meredith  has  opened  it,  and  it  has  been  proved  at  several  localities 
between  Meredith's  and  the  gorge  of  Rush  Brook  2  miles  fui'ther  S.W.  Throughout  all  this 
district  it  retains  its  dimensions  as  a  valuable  bed  of  coal. 

Of  the  thickness,  subdivisions,  and  character  of  the  great  bed  itself,  we  present  the  following 
particulars.  Taking  it  at  a  point  where  all  its  component  parts  are  in  full  development,  we  have 
the  following : — 


FlQ.  259.— Great  Bed, 
Cai-bondale. 


Feet. 

Inches. 

Coal  and  slate  in  alternate  laminae, 

5 

0 

Slate,  ...... 

10 

0 

Coal  and  slate  ..... 

1 

0 

Coal,  of  good  quality, 

6 

0 

Slate,  ...... 

3 

0 

Coal,  ...... 

1 

6 

Coal,  bony  (argillaceous),  divided  by  slate, 

3 

0 

Coal,  

2 

7 

Slate,  ...... 

1 

0 

Coal,       .          .          .          .     ■  . 

1 

2 

Slate,  ...... 

0 

3 

Coal,  ...... 

0 

9 

Slate,  ...... 

0 

8 

Slate  and  coal,  ..... 

4 

0 

The  middle  slate  or  bony  bench  is  sometimes  only  2  feet  thick,  but  at  the  Powderly  Mines, 
in  the  further  workings  of  the  old  gangways,  it  amounts  to  5  feet  in  thickness,  whereas  at  the 
mine's  mouth  it  is  not  found.  At  these  mines  the  upper  bench  of  coal  is  somewhat  impaired  by 
bands  of  slate.  We  shall  presently  have  occasion  to  advert  to  the  fluctuations  in  the  dimensions 
of  this  coal  traced  further  down  the  valley.  At  the  high  trestling  over  Powderly  Creek,  a  boring 
is  reported  to  have  been  attended  with  the  following  results  : — 


Feet. 

In. 

Feet. 

In. 

Coarse  thick-bedded  sandstone — 

Coal,  bony,  . 

2 

3 

calamite  impressions, 

16 

7 

Coal, 

1 

6 

Slate,  thin  coal  in  it, 

1 

10 

Slate, 

0 

2 

Coal,  pure,  . 

5 

7 

Coal,  divided  by  two  thin  slates, 

5 

5 

Slate,  compact, 

? 

? 

Shale, 

Coal,  pyi'itous. 

2 

4 

At  this  point  the  uppermost  beds  of  the  conglomerate  were  found  50  feet  below  the  main 
coal.  Our  data  place  it  at  the  somewhat  variable  distance  of  from  50  to  75  feet  below  the 
great  seam  ;  and  at  Arclibald  it  is  estimated  to  be  rather  more  than  100  feet  below  that 
bed. 

To  obviate  the  necessity  of  a  recurrence  to  the  topic,  it  will  be  expedient  to  define  in  general 
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terms  the  position  held  by  the  conglomerate  on  both  sides  of  the  valley,  as  far  South-westward 
as  the  parallel  of  Legget's  and  Cobb's  gaps. 

On  Fall  Brook,  N.W.  of  Carbondale,  it  displays  itself  at  the  foot  of  the  falls,  where  the  waters 
of  the  stream  pour  from  a  great  height  over  its  upper  beds,  capped  by  coarse  grey  sandstone. 
Above  the  falls  it  soon  rises  out  in  conspicuous  ledges  upon  the  E.  side  of  the  brook.  Many  of 
its  beds  are  unusually  massive,  and  contain  pebbles  as  large  as  hen's  or  even  turkey's  eggs 
sparsely  bedded  in  a  sandstone  paste.  From  this  point  traced  S.W.,  it  occupies  a  position  high 
on  the  mountain  bordering  the  valley  on  the  N.W.  On  every  traverse  made  upon  the  mountain, 
it  was  found  to  hold  this  position.  Such  is  the  case  in  the  shallow  notch  W.  of  Carbondale, 
through  which  the  road  to  Scott  Township  passes.  It  is  likewise  found  at  the  water-level  in 
the  thorough-cut  gorge  of  Rush  Brook,  not  far  N.  of  the  Old  Carey  Coal-opening,  and  it  has  the 
same  place  in  the  wind-gap  from  which  Tinklepaugh  Creek  descends  into  the  valley.  It  forms 
the  inner  ridge  of  the  mountain  at  the  Greenfield  Notch  N.W.  of  Lillibridge's,  and  throughout 
the  distance  to  the  gap  of  Legget's  Creek  it  everywhere  supports  the  high  ground  of  the  upper 
rise  of  the  mountain. 

Passing  now  to  the  uncleared  tracts  on  the  S.E.  side  of  the  valley,  the  conglomerate  boundary 
of  the  basin  is  much  more  obscurely  defined.  It  appears  to  be  influenced  by  several  rolls  in  the 
strata,  which,  taking  their  origin  in  the  mountain,  strike  obliquely  across  the  valley,  at  first  boldly 
elevating  the  conglomerate,  but  gradually  declining,  to  permit  the  Coal-measures  to  wrap  round 
their  ends,  and  fold  over  their  summits.  At  Carbondale,  as  we  have  before  indicated,  it  lies  close 
at  the  back  of  the  town.  It  flanks  the  hill  S.  of  Powderly  Creek,  where  that  stream  flows  longi- 
tudinally along  the  valley,  and  is  found  in  the  neighbourhood  of  Grinnel's  Sawmill,  though  there 
are  some  reasons  for  believing  that  it  is  influenced  by  one  of  the  anticlinal  rolls  alluded  to,  which 
throws  it  into  the  groimd  again,  and  produces  perhaps  a  shallow  coal-basin  in  the  lands  S.  of  the 
mill.  Above  Archbald,  and  between  it  and  the  Great  Western  Sawmill,  we  find  the  conglomerate 
exposed  in  massive  ledges  near  the  water-level  in  the  hiUs  on  both  sides  of  the  river,  though  it 
again  comes  out  to  day  as  much  as  2  miles  up  White  Oak  Run,  E.  of  Archbald.  There  is  there- 
fore every  reason  for  believing  that  coal  exists  S.  and  E.  of  the  Delaware  and  Hudson  Company's 
mines  at  Archbald.  We  again  find  the  conglomerate  on  the  old  road  from  Jessup  to  Cobb's  Pond, 
some  distance  S.  of  Noble's  or  Sterick  Creek.  From  this  point,  through  the  wilderness  country 
to  Roaring  Brook,  it  has  not  been  followed,  though  it  seems  to  encroach  more  upon  the  valley, 
perhaps  owing  to  the  influence  of  the  great  anticlinal  of  the  Dunmore  Ridge  ;  and  it  ajDpears  on 
Roaring  Brook  at  the  mouth  of  Little  Roaring  Brook,  where  we  will  leave  it  until  we  come  to 
describe  it  in  our  treatment  of  the  Scranton  District. 

Of  the  structural  features  of  the  Lackawanna  Coal-basin,  between  the  Carbondale  district  and 
that  of  Scranton,  we  are  unfortunately  unable  to  present  many  particulars.  The  wide  distri- 
bution of  diluvial  matter  which  conceals  the  strata  on  the  cleared  lands  along  the  river,  and  the 
wild  and  inaccessible  nature  of  the  more  Southern  country,  taken  into  consideration,  with  the 
limited  amount  of  mining  or  exploratory  shaftings,  greatly  interfere  with  our  presenting  a 
clear  and  connected  account  of  the  distribution  of  the  strata. 

Between  Archbald  and  the  Great  Western  SawmiU  there  are  indications  of  a  broad  flat  roll 
of  strata,  which  brings  the  true  Serai  conglomerate  above  water-level.    Of  its  origin  E.  we  know 
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nothing,  nor  have  we  any  guide  to  its  character  W.  In  the  latter  direction,  however,  its  bearing 
carries  it  through  the  high  table-land  N.  of  Archbald. 

A  second  disturbance  is  that  encountered  in  the  working  of  No.  4  Drift  Mine,  Though  it  has 
somewhat  the  character  of  an  abrupt  upthrow  of  the  strata,  it  is  usually  considered  a  fault.  In 
mining  coal  from  the  above-mentioned  drift,  an  upthrow  of  12  feet  to  the  S.E.  was  encountered. 
Following  the  coal  along  the  uplift  a  distance  of  about  440  feet  at  right  angles,  it  is  thrown 
down  S,  60  feet  at  an  angle  of  25°.  The  upthrow  and  downthrow  bear  parallel  to  each  other  in 
a  direction  S.  65°  W.  The  first,  crosses  near  the  head  of  the  Upper  or  No.  2  Plane ;  the  other,  near 
the  foot  of  the  same.  The  true  bearing  of  the  anticlinals  of  this  part  of  the  valley  is  thought  to 
be  about  N.  70°  E.,  or  S.  70°  W.  Comparing  this  with  the  bearing  of  the  main  basin  at  Carbon- 
dale  which  we  have  given,  it  will  be  seen  that  the  difference  is  about  45°.  We  have  here  evi- 
dence that  the  flexures  of  the  two  districts  belong  to  different  groups  :  while  in  the  one  case  the 
basin  appears  to  emerge  from  the  mountain  on  the  N.W.,  in  the  other  the  anticlinals  are  pro- 
longed from  the  S.  barrier. 

A  third  anticlinal  roU  is  that  met  with  a  few  hundred  feet  S.  of  the  mouth  of  Laurel  Eun, 
where  it  crosses  the  river.  The  prolongation  of  this  anticlinal  W.  carries  it  near  Water's  Saw- 
mill, at  Mount  Vernon,  below  which  the  dips  are  W.,  plainly  indicating  its  declension  W.  The 
same  fact  is  proved  by  the  deflection  of  the  gangT;\^ays  of  No.  1  IMine  at  Archbald. 

Archbald. — The  accompanying  vertical  column  of  the  strata  at  Archbald,  comprising  data 
obligingly  furnished  by  Mr  Jones,  Superintendent,  wiU  exhibit  the  stratification  of  the  vicinity. 
The  Serai  conglomerate  proper  is  a  massive  rock  made  up  of  pebbles  of  a  large  nut-size.  This 
stratum  is  not  more  than  20  or  30  feet  thick.  Below  it  reposes  a  thickness  of 
0  fully  30  feet  of  pure  white  sandstone.  A  rock  of  the  same  character,  and  holding 
the  same  position,  was  seen  in  the  notch  of  Tinklepaugh  Creek  on  the  mountain 
upon  the  N.W.  Below  this  rock  a  boring  was  made  at  the  Great  Western  Saw- 
mill Dam.  A  coal  8  inches  thick  was  reached,  but  no  others  were  met,  though 
»  the  boring  was  continued  many  feet.  Close  above  the  conglomerate,  a  thin  coal, 
from  12  to  18  inches  thick,  has  been  found.  It  is  to  be  seen  below  the  "  empty 
track"  near  Farnum's  Mill-dam.   This  is  succeeded  by  80  feet  of  coarse  micaceous 

0 

sandstone,  capped  by  an  impure  worthless  coal  4  feet  thick.    About  27  feet  of 
0  sandstone  and  shale  strata  intervene  between  this  and  the  main  great  bed,  which 
measures  not  less  than  10  feet  in  thickness.    Succeeding  the  great  bed,  30  feet  of 
sandstone  strata  are  found  supporting  a  coal  which  is  sometimes  wanting,  though 
«  at  others  it  exceeds  1 8  inches  in  thickness.    Upon  this  rest  7  feet  of  shale,  over- 
laid by  55  feet  of  sandstone  strata,  which  brings  us  to  a  coal  4^  feet  thick,  but 
0  not  generally  of  good  quality.  The  next  coal  measures  1 8  inches,  and  is  separated 
0  from  the  former  by  44  feet  of  sandstone.    A  thickness  of  17  feet  of  shale  brings 
us  to  the  highest  coal  of  the  district.    It  caps  only  the  highest  ground  where  the 
„    „„„    ^  ,       structure  favours  it :  it  measures  7  feet  in  thickness,  and  is  of  good  quality, 

Fig.  260.  —  Columnar  o  j.  ./ 

Section  at  Archbald.  jg  ^gually  too  ucar  the  surface  to  be  workable.  It  is  the  equivalent  of  the 
Grassy  Island  Coal,  worked  by  the  slope  and  the  lower  shaft  at  Jessup,  and  is  thought  to  be  the 
same  as  that  opened  by  Squire  Callender,  near  his  house,  on  the  old  turnpike  to  Carbondale. 
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The  folio  wins;  are  the  subdivisions  of  the  main  bed  at  the  mines  of  the  Delaware  and  Hudson 
Company,  and  the  opening  of  Mr  Hackley  at  Archbald  : — 

Coal, 
Slate, 
Coal, 
Slate, 

"VVe  find  that  the  apparent  equivalent  of  the  Eight-feet  top  coal  at  Carbondale  has  thinned 
down  to  2  feet  6  inches  ;  this  appears  to  be  owing  to  the  encroachment  of  the  slate  upon  the  coal, 
which  it  replaces.  In  the  Powderly  Mines  there  are  indications  that  this  is  the  case.  The 
nett  yield  in  the  mines  at  Archbald  does  not  on  an  average  exceed  5  feet.  Over  this  large  seam, 
upon  the  N.W.  side  of  the  basin,  a  conglom critic  rock  20  feet  thick  has  been  seen  ;  the  same 
stratum  is  thinly  developed  at  Hackley 's  Mine  near  Archbald,  but  at  the  Company's  mines  it  has 
thinned  away. 

At  Mount  Vernon,  upon  the  river,  2  miles  S.W.  of  Archbald,  the  series  of  coals  indicated  in 
the  column  have  been  opened.  The  lowest  bed  proved  is  the  equivalent  of  the  Four -feet  Coal. 
It  measures  9  feet,  inclusive  of  a  band  of  slate  from  18  to  24  inches  thick,  which  divides  it.  The 
whole  bed  is  slaty,  though  parts  have  been  selected  for  mining.  Its  place  is  above  the  sawmill 
dam.  In  the  slates  beneath  this  coal,  immense  nodules  of  iron-ore  are  met  with,  sparsely  scattered 
and  firmly  imbedded.  The  second  bed  is  opened  behind  Mr  Water's  barn.  At  the  outcrop  it 
is  but  4^  feet  thick,  but  in  the  mine  it  measures  upwards  of  6  feet.  On  the  W.  side  of  the  river, 
at  about  the  same  level,  a  large  coal  has  been  proved,  but  not  for  its  entire  thickness.  It  is 
thought  to  be  the  large  bed.  Iron  ore  has  been  found  under  this  bed.  About  30  feet  above  the 
last  bed  a  3-feet  coal-seam  has  been  proved,  and  high  on  the  hill  the  upper  coal,  6  feet  thick,  has 
been  found.  , 

At  Jessup,  situated  near  Grassy  Island  Creek,  about  a  mile  from  Mount  Vernon,  are  located 
the  mines  of  the  Lackawanna  Railroad  Company.  The  upper  7-feet  coal,  entitled  the  Grassy 
Island  bed,  and  the  lower  main  seam  (the  Seymour  beds),  are  wrought.  They  are  separated  by 
180  feet  of  strata.  The  upper  shaft,  now  abandoned,  penetrated  165  feet  to  the  Seymour  Coal, 
in  which  it  displays  the  following  dimensions  : — 


Feet.  In. 

Coal,  ...  0  8 

Slate,      ■    .  .  .  0  3 

Coal,  ...  2  0 

Slate  and  Coal,        .  ,  0  8 


Feet.  In. 

Coal,  ...  4  0 

Slate,  .  .  .  0  6 

Coal,  purest,  .  .  2  0 


In  the  lower  shaft,  the  upper  coal  was  met  at  a  depth  of  1 8  feet.  Both  of  these  shafts  were 
located  upon  a  Northward-dipping  bed,  and  owing  to  this  mistake  in  the  lower  shaft,  the  Company 
were  under  the  necessity  of  sinking  lower,  and  tunneling  forward  to  the  coal,  in  order  to  gain  a 
working  breast.  The  tunnel  was  driven  at  a  depth  of  40  feet.  A  slope-mine  enters  upon  the 
same  seam  at  the  head  of  the  lower  shaft.  The  dip  in  this  slope  is  9°  at  the  top,  steepening 
to  14°. 
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The  following  are  the  subdivisions  of  the  upper  or  Grassy  Island  Coal  : — 


Feet. 

In. 

Feet. 

In 

Coal, 

1 

6 

Parting, 

Slate, 

2 

6 

Coal, 

1 

0 

Coal, 

1 

2 

Slate, 

3 

0 

Parting, 

Coal, 

1 

0 

Coal, 

8 

4 

It  crops  out  near  Jessup  on  Grassy  Island  Creek,  whence  its  name. 

The  lower  shaft  was  sunk  160  feet  below  the  upper  coal,  to  a  coal-bed  3  feet  thick,  supposed 
to  be  about  20  feet  over  the  lower  bed. 

The  Seymour  Coal  bed  crops  out  on  the  S.  margin  of  the  flat  ground  back  of  Jessup,  but  in 
its  course  South-westward  it  gradually  climbs  the  hill.  On  the  E.  end  of  the  same  hill,  the 
Serai  conglomerate  crops  out  at  the  Grassy  Island  Creek.  On  Noble's  or  Sterick  Creek,  back  of 
this  hill,  a  small  coal  is  found  making  the  bed  of  the  stream  ;  it  is  one  of  the  lower  coals. 

The  basin  of  the  Jessup  Coals  is  estimated  to  be  about  800  feet  N.W.  of  the  slope.  At  this 
point  the  upper  coal  should  be  quite  accessible  to  a  shaft. 

Crossing  to  the  N.W.  side  of  the  valley,  we  wiU  notice  the  few  developments  there  made. 
These  are  chiefly  made  upon  the  lands  of  the  Tinklepaugh  Coal  Company,  who  are  making  inves- 
tigations previous  to  the  establishment  of  collieries.  Their  lands  lie  upon  the  mountain  bordering 
the  valley  on  the  N.W.,  and  are  S.  of  the  notch  of  Tinklepaugh  Creek,  which  passes  through  the 
property.  By  a  series  of  borings,  seven  in  number,  they  have  established  the  position  of  the  coal 
which  th«y  proposed  to  work.  This  is  the  Callender  Seam.  In  one  of  the  borings  this  seam, 
measuring  10  feet,  including  its  slates,  was  passed  through,  and  7  feet  beneath  it,  a  small  coal 
from  15  to  18  inches  thick  was  proved.  This  bed  is  always  found,  though  at  somewhat  variable 
distances,  under  the  larger  coal.  Between  80  and  90  feet  below  the  large  coal,  a  bed,  measuring 
6  feet,  is  said  to  have  been  bored  through.  A  tunnel  is  about  being  driven  into  the  mountain 
from  the  W.  side  of  Tinklepaugh  Creek.  It  is  estimated  that  the  CaUender  Coal  wiU  be  struck 
300  feet  from  the  mouth.  High  on  the  mountain,  a  drift  enters  upon  coal  of  the  following 
dimensions  : — 

Feet.  Inches. 

Coal,         .......  5  6 

Fireclay,    .......  2  3 

Coal,         .   3  6 

Upon  Dodd's  Farm,  high  on  the  mountain  S.W.  of  the  Tinklepaugh  Mines,  several  coals  have 
been  met  with.  Three  of  these,  measuring  respectively  2^  feet,  1  foot,  and  8  inches,  beginning 
with  the  lowermost,  have  been  met  with  in  a  tunnel  driven  Northward  115  feet.  The  dip  is 
from  25°  to  30°  S.  Lower  down  on  the  flats,  Richmond's  coal-bed  displays  3  feet  of  slate  and 
coal.    In  the  same  neighbourhood  is  Callender's  Mine. 

On  the  S.  side  of  the  river,  upon  the  lands  of  Samuel  Ferris,  in  the  bed  of  a  ravine,  two  coal- 
beds  have  been  mined  to  a  limited  extent.  The  upper  coal  is  about  6  feet  thick,  and  dips  South- 
ward very  gently.  In  the  slates  beneath  this  coal-bed  are  foimd  impressions  of  the  beautiful 
fossil  Neuropteris  Clarlcsoni  of  Lesquereux.  Superb  specimens  repose  in  the  cabinets  of  Mr 
Clarkson  of  Carbondale  and  Mr  Jones  of  Archbald.    The  lower  coal  dips  Northward,  but  the 
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drift-mouth  is  closed.  Half  a  mile  further  Westward,  Mr  Hull  has  opened  a  fine  bed  of  coal, 
which  has  been  mined  for  use  in  the  neighbourhood.    Its  subdivisions  are  given  :— 


Slate  and  shale  overlaid  by  mealy  sandstone, 
Coal, 

Slate  parting, 
Coal, 
Pai'ting, 
Coal, 
Parting, 
Coal, 
Slate, 
Coal, 
Fireclay, 


Feet. 

15 
1 


Inches. 

0 
0 


1 

0 
2 


6 
2 
0 


Fig.  261.  —  Hull's 
Coal,  6  miles  N.E. 
of  Scrauton. 


On  the  line  of  the  main  road  to  Dunmore,  coal  has  been  opened  at  various  points,  but  the  mines 
are  most  of  them  closed,  and  no  regular  series  of  shaftings  have  been  made  to  enable  us  to  identify 
the  coals.  Among  the  coals  seen  may  be  mentioned  a  10-feet  seam  in  the  bank  of  Noble's 
Creek,  above  Dr  Crandell's  Sawmill,  nearly  under  the  Lackawanna  Eailroad  crossing.  It  dips 
10°  N.  Upon  Mr  Anderson's  farm,  and  the  farms  adjoining,  several  coal-seams  have  been  proved, 
varying  from  3  feet  to  7  or  more  feet  in  thickness.  N.W.  of  Mr  Anderson's  house,  and  near  the 
Plank  Road,  Mr  Chittenden  is  now  conducting  the  operations  of  a  deep  shaft,  which  is  being  sunk 
to  the  supposed  equivalent  of  the  Big  Seam  of  Scranton.  In  the  orchard  W,  of  the  shaft  a  coal 
8  feet  thick  has  been  drifted  into.  A  boring  near  by,  which  penetrated  to  a  depth  of  300  feet,  is 
said  to  have  cut  a  coal  2-|  feet  thick,  100  feet  from  the  surface,  a  5-feet  coal  at  115  feet,  and  a 
large  seam  at  300  feet.  We  were  unable  to  procure  the  particulars  of  this  boring.  There  are 
indications  of  an  anticlinal  and  synclinal  roll  of  the  strata  on  the  road  between  Chittenden 
Village  and  Mr  Anderson's,  upon  the  S.  side  of  the  river.  The  prolongation  W.  of  this  anticlinal 
would  carry  it  a  little  S.  of  the  hill  at  Providence.  A  shaft  sunk  by  Carter  near  Capouse,  cut  a 
coal  6  feet  thick,  at  a  depth  of  30  feet  from  the  surface.  On  the  W.  side  of  the  river,  opposite 
this  point,  there  are  several  old  coal-openings  upon  a  bed  said  to  be  4  feet  thick,  and  dipping  N. 

We  can  present  no  further  particidars  of  the  basin  of  the  Lackawanna  N.  and  N.E.  of  Dun- 
more  and  Providence  ;  enough  has  been  said,  however,  to  establish  the  fact,  that  the  basin  has 
been  gradually  deepening  all  the  way  from  Carbondale,  and  contains  a  constantly  increasing 
thickness  of  Coal-measures. 

We  now  come  to  a  systematic  and  careful  treatment  of  the  stratification  of  the  basin,  and  of 
its  structural  features,  as  they  are  exhibited  in  the  vicinity  of  Scranton. 
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CHAPTER  III. 


COAL-MEASUKES  OF  THE  SCEANTON  DISTRICT  OF  THE  LACKAWANNA  BASIN. 

The  Serai  conglomerate  in  the  vicinity  of  Scranton  is  a  coarse  massive  white  and  grey  pud- 
ding-stone, consisting  of  two  members  :  the  lower  of  these,  between  70  and  80  feet  in  thickness, 
is  composed  of  coarse  pebbles,  of  the  average  size  of  a  hazel-nut,  of  white  quartz  and  grey  sand- 
stone intermingled,  compactly  imbedded  and  cemented  in  grey  and  white  quartzose  sand,  and 
disposed  in  thick  and  ponderous  beds  from  6  inches  to  10  feet  in  depth.  The  upper  member 
also,  about  80  feet  thick  in  the  vicinity  of  Scranton,  is  a  finer-gTained  and  Avhiter  rock,  a 
quartzose  pebbly  coarse  sandstone,  alternating  with  dark-grey  sandstones,  rather  than  a  true  con- 
glomerate. The  lower  of  these  divisions  alters  its  dimensions  in  passing  under  the  old  basin, 
appearing  on  the  N.W.  side  only  40  feet  thick.  The  other  retains  its  bulk,  which  in  different 
localities  varies  from  60  to  90  feet.  In  certain  remote  districts  of  the  basin  there  are  indications 
of  a  thin  seam  of  coal  in  the  shales,  sometimes  parting  these  two  members  of  the  conglomerate, 
which  is  a  sufficient  fact,  apart  from  the  identity  of  the  rock  with  other  conglomerates  included 
among  the  true  Coal-measures,  for  ranking  this  great  underlying  stratum  as  a  part  of  the  true 
coal-formation. 

It  is  not  easy,  in  the  present  state  of  mining,  and  the  development  of  the  Lackawanna  Coal- 
field, to  estimate  with  exactness  the  aggregate  thickness  of  the  productive  Coal-measures  in  the 
vicinity  of  Scranton,  nor  even  to  compute  the  precise  number  of  useful  beds  of  coal  for  every 
locality  ;  nevertheless  we  shall  not  go  far  astray  in  estimating  the  coal-rocks  in  the  more  central 
parts  of  the  basin  to  have  an  aggregate  thickness  of  about  500  feet,  measuring  from  the  uj^per 
limit  of  the  conglomerate  to  the  highest  sandstones  capping  the  table-land  between  the  valleys 
of  the  Lackawanna  and  Keyser's  Creek.  The  total  number  of  the  coal-seams  included  in  this 
mass  of  strata  is  not  less  than  twelve — possibly,  indeed,  there  may  be  one  or  two  more.  This  is 
without  counting  the  subdivisions  into  which  some  of  them  separate  in  certain  localities.  Upon 
the  basis  of  their  lowest  average  thicknesses,  the  whole  series  constitutes  a  depth  of  coal  of  59  or 
GO  feet ;  and  I  am  disposed  to  estimate  the  total  thickness  of  the  coal  available  for  market,  where 
all  the  strata  are  in  the  ground,  at  about  40  feet.  It  will  thus  be  seen  that  the  measures  in  this 
vicinity  are  to  be  regarded  as  uncommonly  rich  in  coal.  Eight  feet  of  coal  to  the  hundred  feet 
of  strata,  which  is  a  little  below  the  true  proportion  here,  is  above  the  ratio  found  in  most  coal- 
fields. This  fact,  taken  in  connection  with  the  prevailing  low  dip,  approaching  to  horizontality, 
gives  facility  for  reaching  a  large  amount  of  fuel  by  perpendicular  pits  or  shafts. 

It  is  only  in  the  higher  grounds  of  the  central  portion  of  the  basin  tliat  the  uppermost  coals 
exist  at  aU ;  elsewhere  the  higher  measures  have  been  removed  l)y  a  greater  or  less  depth  of 
denudation. 

THE  INDIVIDUAL  COAL-BEDS,  AND  THE  STRATA  WHICH  SEPARATE  THEM. 

In  describing  the  individual  coal-beds  and  the  strata  intervening,  it  will  be  expedient  to  give 
a  general  account  of  them  before  entering  upon  the  more  detailed  statement  of  their  local  distri- 
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bution  and  character.    Only  those  seams  of  coal  will  be  enumerated  which  are  of  notable  thick- 
ness and  have  a  practical  value.    (See  vertical  column  of  the  strata  at 
Scranton.) 

Observing  the  ascending  order,  the  first  coal-bed  which  presents  itself 
is — 

Coal  A. — This,  the  lowest  coal-seam  of  the  series,  lies  immediately  over 
the  upper  division  of  the  conglomerate.  On  the  S.E.  or  Scranton  side  of 
the  basin,  it  is  generally  a  double  but  thin  seam,  the  two  divisions  being 
separated  by  3  or  4  feet  of  blue  sandy  shale  or  impure  fireclay,  full  of  the 
rootlets  of  Stigmaria.  The  lower  layer  is  usually  from  1  to  2  feet  thick  ; 
the  upper  averages  about  1  foot.  In  the  immediate  vicinity  of  Scranton 
this  bed  is  nowhere  suitable  for  mining  ;  but  at  Dunmore  a  coal  evidently 
corresponding  to  it  has  been  mined  to  a  small  extent  at  Plane  No.  6  of  the 
Pennsylvania  Coal  Company's  Eailroad.  It  has  there  a  thickness  of  about  5 
feet,  and  dips  gently  N.  Succeeding  Coal  A,  which  is  overlaid  by  a  thin 
layer  of  shale,  there  occurs  a  coarse  conglomeritic  thick-bedded  sandstone, 
surmounted  by  a  bed  of  shale  ;  the  whole  is  about  35  feet  thick  on  the  S. 

side  of  Eoaring  Brook.  Fio.  262.-General  section 

Coal  B. — This  seam  has  an  average  thickness,  in  the  vicinity  of  Scran-  scranton!^— ^i™S=^20o 
ton,  of  about  4  feet  6  inches.  It  is  mined  on  Eoaring  Brook,  where  it 
displays  a  bottom  bench  3  feet  2  inches  in  thickness,  overlaid  by  2  inches  of  slate,  succeeded 
by  a  top  bench  of  14  inches  of  rough  coal.  At  Plane  No.  6  it  is  between  5  and  6  feet  thick, 
and  is  successfully  mined.  Under  this  coal  is  a  bed  of  fireclay  5  feet  thick,  containing  rootlets 
of  Stigmaria. 

Immediately  upon  Coal  B  reposes  a  thin-bedded  micaceous  sandstone,  obliquely  laminated  ; 
and  upon  this  about  11  feet  of  coarse  Stigmaria  shale,  succeeded  by  fireclay,  which  constitutes 
the  floor  of  the  next  coal ;  the  whole  interval  between  Coal  B  and  this  latter  being  about 
31  feet. 

Coal  C  consists  of  two  benches,  the  lower  1 7  inches,  the  upper  22  inches  thick.  At  Dun- 
more,  where  it  has  been  mined  to  some  extent  in  the  hill  supporting  Plane  6,  its  total  thickness 
is  nearly  5  feet.  At  Spencer's  Mine  it  contains  4^  feet  of  good  coal.  On  Eoaring  Brook  the  two 
divisions  of  the  bed  are  separated  by  6  feet  of  Stigmaria  shale. 

Directly  overlying  the  roof-slate  of  Coal  C  is  a  mass  of  thick-bedded  obliquely-laminated 
sandstone,  in  aU  about  70  feet  thick,  and  upon  this  about  12  feet  of  shale,  the  upper  3  feet  of 
which  is  fireclay,  imbedding  the  usual  Stigmaria  rootlets.  These  intervening  measures  have  a 
total  thickness  of  80  or  82  feet. 

Coal  D. — On  Eoaring  Brook  this  is  generally  a  double  seam,  the  lower  bench  measuring 
from  6  to  7  feet,  the  upper,  sometimes  called  the  Four-feet  Seam,  varying  from  1  to  6  feet. 

On  the  N.W.  side  of  the  basin,  in  the  vicinity  of  Legget's  Gap,  it  has  been  opened  at  several 
points. 

Clark's  Mines  are  dependent  upon  this  coal-bed,  and  the  New  York  and  Pennsylvania  Coal 
Company  are  about  to  work  it  from  a  tunnel  driven  back  from  their  slope  on  the  Big  Coal  (F) 
above  it. 
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Capping  Coal  D  is  a  sandy  micaceous  shale  5  feet  thick,  succeeded  by  1 0  feet  of  rough  fire- 
Fio  263  -Coal  F  (Big         imbedding  large  globular  masses  of  clay  iron-ore,  or  argillaceous  carbonate 
Bed),  New  York  and  of  irou.    Thc  uodular  masscs  of  the  ore  are  generally  2  or  3  feet  in  diameter, 

Pennsylvania    Com-  o  ^  5 

pany's  Slope  Mine,    distributed  in  ouc  layer,  sometimes  nearly  in  contact,  but  more  usually  2  or  3 
'"^  """Lj^l^j       yards  asunder.    The  interval  between  D  and  E  is  on  Koaring  Brook  from  12 
"^^^^^^B- 1  ^  eet. 

*  ^"pB^B  ^^^^  ^- — "^^6  'i®^*  ^0^1  i'^       series  seems  to  be  of  variable  dimensions. 

On  Roaring  Brook  its  thickness  is  about  20  inches  ;  but  at  the  Lackawanna 
River,  a  little  W.  of  the  Bellevue  ]\Iines,  a  bed  occupying  the  position  next  beneath  the  great 
seam  F,  has  a  far  greater  size,  containing,  indeed,  some  8  feet  of  coal  of  different  qualities. 

Resting  upon  Coal  E,  and  constituting  the  floor  of  the  next  superior  bed,  called  from  its  large 
size  the  Big  Coal,  there  is  interposed  on  Roaring  Brook  a  bed  of  black  slate,  shale,  and  micaceous 
shaly  sandstone,  varying  in  thickness  from  7  to  12  feet. 

Coal  F. — This  large  and  valuable  bed  of  coal,  measuring  in  the  different  localities  around 
Scranton,  where  it  has  been  cut,  from  11  to  14  feet,  and  even  1 8  feet,  is  not  a  simple  seam,  but 
usually  consists  of  two  or  three  or  more  benches.  On  Roaring  Brook,  where  the  seam  has  its 
most  South-eastern  outcrops,  its  thickness  is  about  13  feet,  and  this  appears  to  be  about 
its  size  in  the  boring  carried  down  from  the  bottom  of  Shaft  No.  2  at  the  Diamond  Mines.  It 
is  of  like  dimensions  at  the  Pinebrook  Mines,  but  further  S.  on  the  river  it  is  considerably 
thicker,  being  18  feet  in  depth,  including  its  parting-slates.  The  details  concerning  this  coal  will 
be  presented  hereafter. 

Interposed  between  the  Big  Coal  F  and  the  next  succeeding  seam  there  occur  from  55  to  60 
feet  of  strata,  consisting,  first,  of  a  sandstone  resting  on  the  roof-slate  of  F,  then  a  considerable 
thickness  of  sandy  slate  and  shale,  then  a  thin  laminated  sandstone,  and  above  this  shale  or 
impure  fireclay,  forming  the  floor  of  the  coal-seam  G.  At  the  Diamond  Mines  in  Shaft  No.  2,  this 
interval  measures  about  43  feet,  and  in  a  boring  in  the  Diamond  Mine-diift  47  feet  ;  but  in  an 
old  boring  near  the  Bellevue  Mines,  where  the  measures  appear  to  be  very  different,  the  interval 
amounts  to  nearly  97  feet,  the  materials,  so  far  as  we  can  rely  upon  the  indications  of  the 
chisel,  consisting  of  sandstones  in  the  upper  half,  and  for  the  most  part  of  slate  and  shale  in 
the  lower. 

Coal  G  (or  the  Seventh  Coal)  rests  upon  shale,  and  is  sometimes  overlaid  by  slate,  and 
sometimes  by  micaceous  sandstone.  Like  most  coals  which  consist  of  two  or  three  or  more 
benches,  it  is  somewhat  inconstant  in  its  thickness,  varying  from  6  feet  as  a  minimum  to  10 
feet  or  more  as  a  maximum,  counting  the  included  layers  of  slate.  It  appears  to  possess  an 
average  workable  thickness  of  6  feet  on  the  N.W.  side  of  the  river.  Its  total  thickness  at  the 
Diamond  Mine-shaft  is  9  feet  5  inches,  of  which  7  feet  4  inches  represent  good  coal.  Its  sub- 
divisions will  be  given  presently. 

Between  the  last-named  coal  and  the  next,  designated  as  H  by  us,  though  at  Scranton  it 
is  usually  called  the  "  Diamond  Coal,"  from  the  brightness  of  the  lustre  of  one  of  its  large 
benches,  there  is  usually  interposed  a  body  of  slate  and  sandstone,  apparently  of  quite  variable 
dimensions.  At  the  Diamond  Shaft  the  whole  interval  seems  to  amount  to  no  more  than  about 
10  feet,  which  is  occupied  by  a  sandy  slate  ;  but  in  the  boring  from  the  Diamond  Mine-drift 
the  space  is  reported  to  be  43^  feet,  its  lower  haK  being  filled  by  sandy  slate,  and  its  upper  half 
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by  sandstone.  In  the  ravine  near  the  Belleviie  Mine,  the  space  there  separating  the  two  coals, 
considered  as  the  equivalents  of  G  and  H,  measures  by  estimation  about  35  feet.  We  are 
disposed  to  attribute  the  narrowness  of  the  space  between  these  coals  at  the  shaft  to  a  disloca- 
tion of  the  strata,  of  which  there  are  some  evidences  in  the  ravine  near  by. 

In  the  boring  at  the  Diamond  Drift,  a  coal,  one  foot  thick,  seems  to  have  been  cut  midway 
between  G  and  H. 

Coal  H. — The  Diamond  Seam  reposes  on  a  thick  bed  of  clay-shale,  or  impure  fireclay, 
containing  rootlets  of  Stigmaria,  and  covered  by  a  roof  of  a  more  sandy  variety  of  the  same 
rock,  filled  with  beautifully-preserved  ferns  and  other  fossils.  This  bed  of  coal  is  sometimes 
called  the  "  Ten-feet  Seam."  Like  most  of  the  others,  it  is  a  compound  bed,  though  its  principal 
bench,  the  uppermost,  is  generally  a  very  thick  one.  In  Shaft  No.  2,  the  whole  bed  measures  12 
feet  3  inches,  and  contains  nearly  11  feet  of  coal.  In  a  boring  near  the  Vanstork  Mines  it 
indicates  a  thickness  of  more  than  1 1  feet.  In  the  Washburn  Mine  the  whole  thickness  is  9  feet 
9  inches,  one  foot  of  this  being  slate  ;  and  in  the  Fellows  Mine,  if  our  identification  is  correct, 
its  whole  size  is  only  7  feet.  It  would  thus  appear  to  decline  in  thickness  as  we  trace  it  from 
N,  to  S.,  a  view  which  is  confirmed  by  the  fact  that  the  coal  in  the  ravine  on  the  Grifi&n  Farm, 
regarded  as  the  Diamond  Seam,  measures  only  6^  feet,  embracing  4  feet  of  coal. 

Between  Coal  H,  or  the  Diamond  Seam,  and  the  next  higher  one,  sometimes  called  the 
"Seven-feet  Bed,"  there  is  usually  an  interval  of  from  60  to  100  feet.  This  is  occupied  chiefly 
by  sandy  slates  and  argillaceous  sandstones,  with  some  beds  of  genuine  quartzose  sandstone. 
Near  the  central  portion  of  the  interval  occur  one  or  more  layers  of  ball  iron-ore,  or  nodular 
argillaceous  carbonate  of  iron,  imbedded  in  soft  shale  or  fireclay.  These  layers  have  been  met 
with  in  Shaft  No.  2,  and  also  in  a  boring  near  the  same  shaft ;  again  in  a  boring  on  Washburn's 
land,  S.  of  Keyser's  Creek,  near  where  the  Hyde  Park  Company  are  operating  ;  and  in  a  boring 
near  the  Vanstork  Mines,  W.  of  Providence.  Other  layers  of  the  ball  iron-ore  occasionally 
appear  in  the  black  slate  which  next  overlies  Coal  H,  as  may  be  seen  in  Shaft  No.  2.  At  the 
Diamond  Mines  the  whole  interval  measures  about  100  feet ;  on  the  fuller  lands,  much  further 
N.,  the  space  amounts  to  no  more  than  66  feet,  and  it  is  considerably  less  than  3  feet  in  the 
ravine  of  the  Griffin  Farm,  if  we  are  correct  in  our  identification  of  the  coals  there. 

Coal  /.—  This  coal,  next  above  the  Diamond  bed,  formerly  known  as  the  "Seven-feet  Seam," 
and  wrought  a  few  years  ago  in  some  drifts  above  the  Diamond  Mine,  is  not  at  present  mined 
in  the  vicinity  of  Scranton.  The  size  of  the  bed  can  be  best  estimated  from  exposures  in  the 
ravine  near  Lewis  and  Howell's  Slope-mine.  At  these  openings  it  exhibits  a  thickness  of  5  feet 
in  two  benches,  displaying  coal  of  good  quality. 

Succeeding  Coal  I,  and  separating  it  from  the  overlying  seam,  which  we  have  called  K, 
formerly  known  as  the  "  Five-feet  Seam,"  we  meet  with  a  stratum  of  soft  ferruginous  shale, 
and  in  some  localities  shale  and  sandstone.  Along  the  S.  face  of  the  table-land,  on  which  is 
seated  the  village  of  Hyde  Park,  the  two  coals  range  close  together,  the  interval  amounting  to 
no  more  than  about  20  feet.  Further  Southward  on  the  Grifiin  Farm,  the  space  between  Coals 
I  and  K  is  very  much  greater — so  much  so  as  to  justify  some  doubts  as  to  the  correctness  of  our 
identification,  but  it  must  be  borne  in  mind  that,  as  the  upper  coals  of  the  basin  are  much 
less  continuous  than  the  lower  ones,  from  being  restricted  to  the  higher  hills  and  table-lands, 
between  which  wide  spaces  of  the  measures  have  been  cut  away,  they  are  much  less  easily  identic 
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fied  from  point  to  point ;  and  in  their  present  undeveloped  condition,  mining  operations  having 
not  yet  extended  to  them,  their  relationships  remain  very  obscure. 

Coal  K. — This  bed  of  coal,  best  developed  in  the  ravine  near  Lewis  and  UoweU's  Mine  and 
along  the  Hyde  Park  Bluff,  has  a  thickness  of  about  4-|  feet.  It  is  not  at  present  mined  near 
Scran  ton,  but  may  at  a  future  day  prove  valuable  in  localities  where  it  possesses  sufficient 
covering. 

Coal  L. — At  an  interval  of  about  12  feet  above  the  Coal-bed  K  is  a  thinner  seam,  which  at 
the  above-mentioned  ravine  and  in  Hyde  Park  Bluff  measures  \\  feet  in  thickness.  At  the 
head  of  the  Griffin  Ravine,  near  the  Pittston  Turnpike,  the  bed,  which  we  have  regarded  as 
the  equivalent  of  this,  measures  as  much  as  5  feet  of  good  coal  in  two  benches,  being  thicker 
than  Coal  K,  from  which  it  is  separated  by  about  27  feet  of  blue  slate,  this  underlying  coal  being 
at  this  locality  scarcely  3  feet  in  thickness. 

Along  the  Hyde  Park  Bluff,  the  interval  of  12  feet  between  Coals  K  and  L  consists  in  the 
lower  5  feet  of  soft  clay-shale,  and  in  the  upper  7  of  blue  sandy  shale  and  slate,  sometimes 
running  into  fireclay,  with  balls  of  rather  coarse  nodular  iron-ore. 

UNDULATIONS  OF  THE  STEATA  IN  THE  SCE ANTON  DISTEICT  OF  THE  LACKAWANNA  COAL-BASIN, 
AND  THE  DISTEIBUTION  OF  THE  SEVEEAL  COAL-SEAMS  IN  THEIE  LOCAL  BASINS. 

The  several  flexures  which  gently  undulate  the  coal-beds  of  the  district  around  Scranton, 
and  which  exercise  a  controlling  influence  on  the  distribution  of  the  coal-seams,  and  the  mining 
operations  connected  with  them,  are  ten  in  number.  We  shall  begin  our  description  with  the 
most  Southern.    Only  the  most  prominent  are  inserted  on  the  Map. 

Anticlinal  Axis  No.  1. — The  first  notable  axis  lifting  the  rocks  in  the  Southern  part 
of  the  field  near  Scranton,  is  one  which  may  be  traceable  from  the  stone  quarry  on  the  S. 
side  of  Roaring  Brook,  in  a  direction  S.  70°  W.  across  Stafford  Meadow  Brook,  and  finally  across 
the  back  road  to  Pittston,  where  it  is  marked  by  a  decidedly  S.  dip,  at  a  point  about  half  a  mile 
W.  of  that  stream.  It  appears  to  prolong  itself  as  a  very  gentle  undulation  to  the  lower  Swet- 
land  Coal-openings.    Throughout  its  course  the  wave  is  very  flat. 

The  coals  lifted  to  the  surface  along  this  saddle  or  arch  are  evidently  the  lowest  in  the  whole 
series — indeed,  at  Roaring  Brook  it  is  in  the  conglomerate,  and  outside  of  the  coal  altogether  ; 
but,  proceeding  Westward,  it  enters  the  areas  of  Coals  A  and  B,  and  perhaps  C,  making  a  very 
shallow  sloping  basin  of  these  with  the  Northerly-dipping  strata  of  the  conglomerate,  which  stretch 
Southward  over  the  slanting  plateau  towards  Stafford  Meadow.  A  little  to  the  S.  of  this  anti- 
clinal, two  coal-beds  have  been  opened  in  the  basin  in  question,  in  the  ravine  of  a  little  stream 
near  the  Smith  Tract.  The  opening  nearest  the  axis  displays  a  bed  9  feet  thick,  dipping  S.  2° ; 
the  other  opening,  further  to  the  S.,  shows  a  coal  5  feet  thick,  dipping  in  the  opposite  direction, 
or  Northward.  Whether  these  belong  to  the  same  coal  has  not  been  ascertained,  but  they 
evidently  embrace  between  them  the  middle  of  a  shallow  basin. 

About  800  feet  to  the  S.  of  the  anticlinal,  here  called  Axis  No.  1,  there  are  indications  of 
another  gentle  wave  ranging  parallel  with  it  to  the  back  road.  It  may  to  some  extent  affect 
the  mining  at  the  collieries  recently  established  near  the  township  line.  Both  this  and  the 
main  axis,  No.  1,  evidently  rise  towards  the  E. 
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Anticlinal  Axis  No.  2. — This,  the  first  really  conspicuous  flexure  of  the  district,  is  a  long  and 
very  important  one.  It  commences  in  the  Dunmore  Eidge,  of  which  it  is  the  most  conspicuous 
imdulation,  being  there  discernible  in  very  gentle  S.  dips  in  the  hill  S.  of  the  village,  between 
it  and  the  mines.  It  is  thought  to  cross  the  Drinker  Turnpike  about  1000  feet  S.  of  the 
Lackawanna  Eailroad  crossing.  We  detect  it  again  on  the  South  road  leading  from  the  mines 
to  the  main  Scranton  Eoad,  from  which  point  we  may  trace  it  to  the  Odd  Fellows'  Hall  at 
Scranton,  the  axis  following  the  West-sinking  crest  of  the  ridge.  Two  or  three  subordinate 
gentle  undulations  occur  on  the  flanks  of  this  wave  between  Dunmore  and  Scranton,  This 
anticlinal  is  strikingly  exhibited  in  the  lower  ridge  of  the  Odd  FeUows'  Hall,  where  its  S.  dips 
are  quite  gentle,  not  exceeding  5°  or  8°,  whilst  its  N.  ones  are  at  45°  or  even  60°,  making  the 
steep  rocky  blufi"  bordering  Bank  Street  of  the  borough  of  Scranton.  Traced  Westward,  it  pur- 
sues a  remarkably  straight  course  about  S.  75°  W.  to  the  Lackawanna,  the  flat  ground  of  which 
it  crosses  S.  of  the  covered  bridge,  entering  the  blufi"  bank  overlooking  the  river  at  the  mouth  of 
Eoaring  Brook.  It  next  displays  itself  in  the  cutting  on  the  Lackawanna  and  Bloomsburg  Eail- 
road, N.E.  of  the  Bellevue  Mines.  In  the  S.  dips  in  this  cut  there  are  some  indications  of  a 
downthrow,  by  which  the  very  obliquely-bedded  sandstones  of  the  centre  of  the  arch  appear  to 
be  replaced  by  arenaceous  slates.  The  plane  of  the  fault  dips  Eastward  at  an  angle  of  70°,  but 
its  extent  has  not  been  determined.  Pursuing  the  anticlinal  axis  Westward,  it  becomes  more 
obscure,  partly  on  account  of  its  growing  fiatter,  partly  because  of  the  obliquity  in  the  bedding 
of  the  strata  making  the  direction  of  the  true  dip  uncertain.  Expanding  into  an  extremely  gentle 
N.  and  S.  dip,  it  ranges  through  the  high  ground  which  supports  Mr  Sherrard's  house,  and 
passes  into  the  high  table-land  between  the  Lackawanna  Eiver  and  the  valley  of  Keyser's  Creek. 

In  this  comparatively  long  range  the  fiexure  is  arched  by  all  the  coal-seams  in  succession, 
from  the  very  lowest  of  the  series  in  the  Dunmore  HiU  to  the  highest  occupying  the  table-land 
N.  of  the  Lackawanna.  The  details  will  be  presented  after  the  several  anticlinal  waves  have 
been  traced. 

Anticlinal  Axis  No.  3. — The  third  flexure  of  the  group  is  nowhere  very  distinctly  exposed  in 
any  surface  developments,  but  it  is  met  with  in  the  Pinebrook  Mines,  Nos.  2  and  3,  where  the 
coal  is  very  gently  arched  by  it,  and  the  gangways  of  the  mines  are  in  consequence  inflected. 
The  crest  of  the  arch  passes  near  the  air-shaft  of  Dip  No.  3,  or  that  of  the  slope.  Westward  of 
this  its  existence  seems  to  be  proved  by  a  slight  flexure  of  the  coal  in  the  old  gangway  of 
Washburn's  Mine,  but  nowhere  else  has  it  been  detected  as  a  distinct  roll. 

Anticlinal  Axis  No.  4. — A  far  more  important  anticlinal  wave  lies  a  few  hundred  feet  to  the  N.  of 
the  preceding  one,  pursuing  a  direction  very  nearly  parallel  with  it  and  those  previously  described. 
It  is  displayed  in  the  sandbank  drift,  or  No.  1  of  the  Pinebrook  Mines,  where  it  shows  both  its 
N.  and  S.  dips.  It  has  not  been  discovered  Eastward,  but  Westward  its  next  distinct  exposure 
is  in  the  low  broad  arch  at  the  Lackawanna  Eiver,  near  Washburn's  Mine,  where  a  coal,  which 
appears  to  be  the  Diamond  Seam,  is  lifted  by  it  to  the  surface.  From  the  circumstance  that  it 
lifts  Coal  F,  or  the  Big  Seam,  high  above  the  river-level  at  the  Pinebrook  Mine,  while  at  the 
bend  of  the  river  at  Washburn's  it  barely  brings  above  the  water-level  Coal  H  on  the  back  of  the 
arch,  it  is  obvious  that  this  axis  declines  at  a  sensible  rate  to  the  Westward.  Therefore  it  is, 
that,  entering  the  high  ground  W.  of  the  river,  it  is  saddled  by  the  upper  coals  of  the  series. 
The  cuttings  of  the  Bloomsburg  Eailroad  have  exposed  this  arch  to  view  in  a  succession  of 
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obliquely-bedded  coarse  micaceous  sandstones  of  the  ordinary  type.  On  the  Pittston  Turnpike 
it  is  not  distinctly  indicated  except  in  a  few  rather  variable  flat  dips.  If  prolonged  thus  far,  it 
would  pass  through  the  high  lands  in  the  central  part  of  the  Griffin  Farm. 

Its  position  Eastward  seems  to  be  indicated  in  one  of  the  swells  of  the  ground  on  the  N. 
brow  of  the  Dunmore  Hill. 

Anticlinal  Axis  No.  5. — At  a  distance  of  some  1500  feet  N,  of  the  preceding  axis,  there 
exists  another  anticlinal  of  some  importance,  the  first  which  as  far  E.  as  Scranton  lies  altogether 
N.  of  the  river.  Owing  to  the  general  covering  of  diluvium  in  the  immediate  valley  of  the 
Lackawanna,  this  flexure  does  not  show  itself  at  the  surface  until  it  enters  the  hill  just  N.  of  the 
river,  where  the  Fellows'  drift-mine  is  situated  in  the  Diamond  Coal.  There  it  elevates  both 
coals  G  and  H  above  the  water-level,  throwing  them  into  N.  and  S.  dips.  Thence  it  is  trace- 
able Westward  under  the  escarpment  of  the  table-land  occupied  by  the  village  of  Hyde  Park. 
Under  this  bluff"  it  imparts  to  the  coals  K  and  L,  which  are  there  opened,  a  perceptible  N.  dip. 
On  Washburn's  Land  the  flexure  may  be  detected  in  a  little  ravine,  where  it  brings  Coal  K,  and 
the  small  seam  above  it,  Coal  L,  to  the  surface  near  the  drift  formerly  called  Phillip's.  From 
this  point  it  probably  ranges  near  Fellows'  Corner,  and  seems  to  cause  the  N.  dip  in  the  sand- 
stones which  are  slightly  exposed  near  the  lime-tree  standing  in  the  cross-road  which  forms  the 
E.  boundary  of  the  Griffin  Farm  from  the  Pittston  Turnpike  to  Keyser's  Creek,  near  Courson's 
Hampdon  Mines.  Beyond  this  spot  all  certain  indications  of  it  are  lost,  but  its  course  is 
sufficiently  well  determined  to  enable  us  to  affirm  that  it  will  traverse  the  N.  slope  of  the  high 
ground  through  the  Griffin  and  the  neighbouring  farms.  This  flexure  evidently  sinks  gently 
Westward,  and  dies  away  in  that  direction,  but  at  a  less  perceptible  inclination  than  some  of 
those  previously  traced. 

Anticlinal  Axes  JVos.  6,  7,  and  8. — We  come  now  to  a  group  of  three  small  undulations 
which  occupy  the  general  basin  of  the  Diamond  Coal.  The  first  or  Southern  of  these,  No.  6, 
makes  its  appearance  a  few  hundred  feet  S.  of  Lewis  and  Howell's  Slope,  on  the  railroad,  in  a 
confusion  of  dips,  the  prevailing  ones  indicating  a  flat  arch.  It  has  nowhere  been  observed 
except  at  this  point,  where  it  aff"ected  the  progress  of  the  old  S wetland  Mine  by  causing  N. 
dips. 

Of  the  two  other  undulations,  one  is  visible  in  the  bed  of  the  ravine  near  the  slope  above 
mentioned,  where  it  barely  inflects  the  strata ;  the  other  exhibits  itself  as  a  slight  undulation  of 
the  coal  in  the  Diamond  Mines.  These  two  latter  flexures,  Hke  the  first  named,  have 
hitherto  been  seen  only  at  the  points  now  referred  to. 

Anticlinal  Axis  No.  9. — In  the  progress  of  mining  in  the  Diamond  Drift,  a  roll  or  abrupt 
undulation  was  met  with,  which  for  some  time  arrested  its  extension.  This  was  a  rather 
sudden  turn  in  the  dip  of  the  coals,  which  altered  its  prevailing  Southern  inclination  of  5°  or 
less  into  a  comparatively  steep  N.  one  of  15°  or  20°.  Though  called  a  "fault"  by  the  miners,  it 
is  really  not  such,  but  simply  a  saddling  of  the  coal  underground.  The  coal  has  been  worked 
down  the  N.  dip.  The  course  of  the  anticlinal  axis  appears  to  be  about  S.  70°  W.  This  takes ' 
it  through  a  point  a  few  feet  N.  of  the  air-stack  in  the  field  to  the  W.  of  the  turnpike  road. 
Westward  of  this  spot,  surface  indications  of  its  presence  are  wanting,  and  mining  has  not 
brought  it  to  light. 

Anticlinal  Axis  No.  10  {1) — Of  the  structure  of  the  coal-field  N.  of  the  last-described  axis  of 
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the  Diamond  Mines,  very  little  is  at  present  known,  nor  is  much  definitely  ascertainable  until 
the  mining  is  more  extensively  prosecuted  in  that  quarter.  There  are,  however,  indications  of  a 
saddle  in  one  of  the  cuttings  of  the  railroad,  which,  if  prolonged,  would  range  about  1000  feet 
N.  of  the  flexure  last  described.  The  topographical  features  of  the  ground  appear  to  sustain 
this  view,  being  such  as  a  broad  roll  would  impress. 

The  character  of  the  ground,  from  the  parallel  of  the  last-mentioned  axes  to  Keyser's  Creek, 
is  such  as  to  obscure  every  indication  of  its  structural  features,  and  on  the  N;  side  of  the  stream 
the  plain  is  deeply  covered  with  drift  as  far  as  the  rising  slope  of  the  mountain,  which  effectu- 
ally obscures  the  coal  strata. 

We  have  no  evidence  of  any  anticlinal  rolls  on  the  flank  of  the  mountain,  though  they  will 
doubtless  be  discovered  in  the  progress  of  research. 

The  conglomerate  on  the  N.  side  of  the  valley,  though  in  many  places  it  exists  only  in 
detached  masses,  is  elsewhere  visible  in  conspicuous  ledges.  Its  position  is  generally  within  the 
township  line,  a  variable  distance  of  from  500  to  1000  feet.  The  limit  of  the  productive  coal- 
field will  probably  be  as  much  as  2000  feet  within  the  line.  As  the  conglomerate  approaches 
Legget's  Gap,  it  forms  a  separate  inner  ridge  to  the  main  mountain,  and  dips  rapidly  down  into 
the  gap.  One  or  two  unimportant  beds  of  coal  have  been  cut  closely  over  it  in  the  gap  near  the 
railroad. 

Positions  and  Distribution  of  the  several  Coal-seams. — In  explaining  the  positions  occupied 
by  the  several  beds  of  coal,  and  tracing  them  as  they  are  distributed  around  Scranton,  it  will 
be  convenient  to  indicate  them  first  as  they  are  lifted  to  the  surface  in  succession  along  the 
several  anticlinals,  and  secondly,  as  they  outcrop  one  above  another  in  the  troughs  or  basins 
embraced  between  those  saddles.  Observing  the  order  previously  adopted  in  tracing  the  anti- 
clinals themselves,  we  will  commence  with  the  coals  brought  to  view  along  the  crest  of  the  first 
principal  flexure — namely.  Axis  No.  2,  or  that  which  ranges  from  the  Dunmore  Hill,  through  the 
ridge  of  the  Odd  Fellows'  Hall.  It  has  been  already  intimated  that  the  three  lowest  coals  of  the 
series,  or  Coals  A,  B,  and  C,  lie  high  on  both  slopes  of  the  Dunmore  Hill  ;  and  it  may  be  added, 
that  to  the  E.  of  the  village  A  must  spread  itself  over  a  considerable  area  on  the  very  flat  rising- 
back  of  this  broad  elevated  saddle.  Descending  W.,  these  coals  wrap  round  the  base  of  the  hill 
with  a  curving  outcrop,  changing  their  dips  from  N. W.  to  S.W.  as  they  sweep  round  to  take  their 
places,  one  above  the  other,  in  the  basin  of  Eoaring  Brook,  at  Plane  No.  6  of  the  Pennsylvania 
Company's  Railroad.  In  ranging  through  the  ridge  of  the  Odd  Fellows'  Hall,  this  gradually  sub- 
siding saddle  just  permits  the  Coal  D  to  arch  over  it  near  the  Hall  with  a  gentle  S.  and  a  steep 
N.  dip.  Further  W.,  at  the  junction  of  Roaring  Brook  with  the  Lackawanna,  the  strata  which  it 
brings  to  the  surface  are  the  higher  ones,  apparently  those  between  the  Big  Coal  F  and  that  we 
have  called  G.  It  is  probable  that  the  Coal  G,  to  the  "W.  of  this  angle  of  the  river,  unites  its  two 
outcrops  as  the  ground  rises  and  the  axis  sinks  ;  and  that  to  the  W.  of  the  mining  village,  the  drift 
there  opening  a  coal  having  a  very  gentle  S.  dip,  belongs  to  the  stiU  higher  Coal  L,  or  that  which 
is  exposed  near  the  head  of  the  Griffin  Ravine,  close  to  the  Pittston  Turnpike  Road. 

Coals  in  the  Basin  South  of  Axis  No.  2. — Sketching  the  coals  in  the  basin  S.  of  the  second  main 
axis,  we  find  in  the  Southern  escarped  face  of  the  Dunmore  Ridge  at  Spencer's  Mines  (worked  by 
Stevenson),  four  coal-beds  above  the  conglomerate.  Of  these  the  third  coal,  C,  of  our  enumera- 
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tion  is  successfully  mined.  The  centre  of  the  basin  is  thought  to  be  about  150  feet  N,  of  the 
mine  mouth,  the  lowest  of  all  outcrops  a  few  feet  below  the  level  of  Eoaring  Brook,  near  the 
foot  of  Plane  No.  6.  A  mile  and  a  half  to  the  W.,  the  second  of  these  beds,  or  Coal  B,  crosses  the 
gorge  of  the  stream  a  few  hundred  feet  S.  of  the  Rolling  Mills  with  a  shghtly  N.  dip.  The  two 
next  higher  principal  seams,  D  and  F,  or  the  Big  Coal,  basin  near  the  Furnace  Dam,  their  S. 
outcrops  passing  the  stream  below  the  Rolling  Mills,  and  their  N.  ones  just  rising  to  Anticlinal 
Axis  No.  2,  near  the  Odd  Fellows'  Hall.  They  basin  out  to  the  E.  several  hundred  yards  above 
the  Fiu-nace  Dam.  Below  the  Grist  Mill,  Coal  G,  sometimes  called  the  Six-feet  Bed,  shows  its 
S.  outcrop  near  the  back  road,  on  the  edge  of  South  Scranton,  or  the  working  people's  village. 
This  coal,  as  already  intimated,  has  its  N.  outcrop  in  this  basin,  a  little  S.  of  the  junction  of 
Roaring  Brook  with  the  Lackawanna.  On  the  W,  or  rather  the  N.W.  side  of  the  last-named 
stream,  we  meet  in  this  basin  with  all  the  coals  from  D,  E,  and  F,  near  the  margin  of  the  river, 
to  Coal  L  at  the  Griffin  Ravine.  Of  the  distribution  of  these,  some  details  will  presently 
be  given. 

The  Southern  limit  of  the  subordinate  coal-basin  which  we  have  now  been  tracing,  is  well 
defined  by  the  outcropping  of  the  massive  beds  of  the  underlying  conglomerate  whose  pebbles  are 
of  nut  and  even  egg  size.  This  rock  flanks  the  mountain  at  Plane  No.  7,  also  on  the  S.  side  of 
Roaring  Brook,  opposite  Spencer's  Mines.  It  forms  precipitate  ledges  at  the  falls  of  Roaring 
Brook,  and  extends  along  that  stream  to  where  it  turns  to  flow  N.W.  Thence  it  sheets  the  flank 
of  the  mountain,  along  which  run  the  two  tracks  of  the  Pennsylvania  Coal  Company,  and  it 
displays  itself  upon  the  rocky  bluff  faces  of  the  mountain  on  both  sides  of  Stafibrd  Meadow 
Brook,  following  which  it  sweeps  round  to  occupy  the  back  valley  of  the  Ore  Mines.  There  is 
an  inner  ridge  between  the  deep  gorge  of  Roaring  Brook  and  that  of  Stafibrd  Meadow.  The  S. 
side  of  this  is  steeply  escarped,  as  shown  in  our  profile  Section.  The  high  watershed  above  this 
steep  slope  is  capped  by  the  coarse  grey  and  somewhat  pebbly  sandstone  which  underhes  Coal  B 
or  the  Four-feet  Seam.  Under  the  ledge  formed  by  this  hard  rock  we  may  trace  the  thin  seam 
A,  and  the  thin  upper  layer  which  accompanies  it,  and  may  detect  the  Stigmaria  shale  which 
invariably  attends  them. 

Coal  B  in  Roaring  Brook  Basin. — From  the  point  at  which  this  bed  is  worked  near  Plane 
No.  6,  its  outcrop  ranges  along  the  slope  of  the  hOl  which  overlooks  from  the  N.  side  the  valley 
of  Roaring  Brook.  It  holds  its  assigned  place  under  one  or  two  conspicuous  ledges  of  sohd  sand- 
stone. Sweeping  gradually  round  in  a  line  approximately  parallel  to  the  stream,  it  crosses  the 
railroad  in  the  first  cut  above  the  Rolling  Mill,  where  it  is  finely  exposed.  From  this  place  it 
dips  to  the  Rolling  Mill-dam,  immediately  below  which,  at  the  end  of  the  mill,  a  tunnel  is  driven 
to  cut  the  coal.  On  the  opposite  side  of  the  stream,  the  coal,  rising  from  the  water-level  at  an 
inclination  of  about  10°,  is  entered  by  a  drift,  now  furnishing  coal  to  the  furnaces.  From  this 
point  the  outcrop  of  this  bed,  traced  W.,  lies  high  on  the  inner  ridge,  running  nearly  parallel  to 
its  escarped  face.  It  then  gradually  deflects  more  rapidly  W.  to  the  vaUey  of  Stafibrd  Meadow 
Brook,  beyond  which  its  outcrop  has  not  been  followed.  This  coal  is  not  known  to  outcrop  any- 
where else,  except  as  here  described,  in  the  Scranton  district,  until,  on  the  opposite  side  of  the 
general  basin,  it  rises  to  the  surface  again  high  on  the  slope  of  the  mountain  bounding  the  valley 
on  the  N.W. 

As  this  Coal  B  presents  itself  in  the  mine  on  the  S.W.  side  of  Roaring  Brook,  it  consists,  as 
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already  said,  of  a  bottom  bencli  3  feet  2  inclies  thick  ;  over  this  a  layer  of  slate  2  inches,  and 
above  this  14  inches  more  of  a  ronghish  coal.     At  Plane  No.  6  it  measures 
between  5  and  6  feet.    Its  productive  thickness  is  about  4  feet. 

Coal  D,  in  Roaring  Brook  Basin. — The  next  workable  seam  in  this  first 
subordinate  basin,  or  that  of  Eoaring  Brook,  makes  its  appearance  near  the  falls  pio.  264.-Coai  b, 
of  Eoaring  Brook  in  an  outcrop  about  1500  feet  N.W.  of  the  N.W.  crop  of  i^o^^^g  Brook. 
Coal  B  last  traced.  Following  this  W.,  it  curves  gently  N.,  to  take  a  position  in  the  ravine 
where  an  opening  on  Mr  Sanderson's  land  was  designed  to  enter  it.  Beyond  this  point  it 
pursues  a  direction  almost  due  W.,  and  skii*ting  the  Southerly  face  of  the  hill  on  which  Mr 
Selden  Scranton's  house  is  situated,  it  dips  at  a  gentle  angle  to  the  Furnace  Dam,  where 
two  drifts  enter  it  at  different  levels,  penetrating  far  under  the  hill.  On  the  S.  side  of  the 
brook  it  is  not  mined,  but  its  outcrop  can  be  traced  in  an  almost  straight  line  towards  Mr 
Slocum's  house  near  StaflFord  Meadow  Brook.  This  is  doubtless  the  same  seam  which  is  exposed 
at  the  river  bank  a  little  beyond  the  Bellevue  Mines.  It  is  represented  in  our  Section  of  the  coals 
at  that  point  where  it  is  shown  to  be  subdivided  by  bands  of  slate.  In  the  inner  workings  of 
the  drifts  on  Eoaring  Brook,  this  coal  is  squeezed  out  by  the  approach  of  the  upper  and  lower 
rocks.    Its  dimensions,  where  this  thinning-away  in  the  upper  level  commences,  are  as  foUow  : — 

Feet.        Inches.  . 

Coal,         .......       4  6 

0  9         F,«.265.-CoalD,  Scran. 

Coal,  good,  ......]  0  ton.  near  the  Rolling 

Mills. 

About  50  feet  further  forward  the  upper  bed  thins  down  to  2  feet,  and  is  gradually  lost.  How 
far  this  pinch  continues  was  not  ascertained  at  the  date  of  our  last  examination  (1856).  The 
so-called  "  Four-feet  Seam"  overlying  it,  varying  from  1  to  6  feet  in  thickness,  is  in  many  places 
worked  in  the  same  mine  with  this. 

CoalE,  Roaring  Brook  Basiii.— Nothing  additional  to  what  has  been  already  stated  respecting 
this  thin  seam  need  be  here  given,  further  than  to  call  attention  to  the  fact  that  this  coal,  if  it 
ranges  to  the  bluff  back  of  the  Lackawanna  W.  of  the  Griffin  Farm,  is  there  most  probably 
either  a  lower  bench  of  the  Big  Coal  E,  or  an  upper  division  of  the  next  main  lower  bed  D. 

Coal  F,  Roaring  Brook  Basin. — The  large  seam.  Coal  F,  has  been  more  exposed  to  removal 
by  excavating  floods  than  either  of  those  previously  described,  simply  from  its  higher  position  in 
the  series.  It  is  evidently  wanting  in  the  high  ground  near  the  village  of  Dunmore,  nor  have 
we  any  evidence  of  its  presence  until  we  approach  the  flats  on  the  road  leading  from  Dunmore  to 
Providence.  It  would  seem  to  have  escaped  denudation  on  the  S.  side  of  the  saddle  of  the  Odd 
Fellows'  Hall  (Axis  No.  2)  all  the  way  W.  from  a  point  a  little  E.  of  Mr  Joseph  Scranton's 
residence.  Followed  E.  from  this  spot,  its  outcrop  passes  a  little  S.  of  Mr  Mati's  house.  Before 
reaching  the  Falls  Eoad,  it  swings  round  to  run  parallel  with  it  for  about  100  yards,  and  there 
deflects  rapidly  to  take  the  brow  of  the  hill,  along  which  it  ranges  parallel  to  Coal  D,  until  it  is 
cut  by  the  valley  of  Eoaring  Brook  ;  then  it  swings  with  the  stream  toward  the  furnaces,  in 
digging  the  foundations  for  w^hich  it  has  been  cut  near  the  creek-level.  It  thus  appears  that  the 
hill  supporting  Mr  Selden  Scranton's  house  occupies  nearly  the  centre  of  the  basin  of  this  coal- 
bed.    This  valuable  seam,  in  consequence  of  its  very  gentle  dip,  presents  a  long  line  of  frontage 
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to  the  stream  opposite  the  furnaces,  where,  for  several  years  past,  it  has  been  mined.  Traced  W., 
its  outcrop  may  be  seen  from  the  character  of  the  surface  to  approach  that  of  Coal  D,  but  it  soon 
becomes  obscured  by  a  deep  covering  of  diluvium.  Further  W.  in  this  basin,  the  Big  Coal  ranges 
under  the  fiats  of  the  Lackawanna  until  it  emerges  once  again  to  view  at  the  foot  of  the  river 
blufi".  There  it  gives  indication  of  a  feeble  undulation  in  an  old  drift,  but  this  flexure  is  nowhere 
discoverable  further  E. 

OF  THE  EOAEING  BEOOK  BASIN  WEST  OF  THE  LACKAWANNA. 

Crossing  now  the  Lackawanna,  and  studying  the  strata,  with  their  coal-beds,  as  they  are 
developed  by  surface-proving  and  mining  on  the  Griffin  Farm  and  mines  adjoining,  between  that 
stream  and  the  Pittston  Road,  we  find  the  ground  to  contain,  in  the  hne  of  the  Eoaring  Brook 
Basin,  the  whole  succession  of  the  coal  series  of  the  district,  from  Coal  D  at  the  edge  of  the  river 
to  Coal  K,  near  the  head  of  the  ravine  at  the  road.  This  sequence  of  the  coal-beds,  vnth.  their 
included  strata  of  shales,  slates,  and  sandstones,  is  represented  in  a  profile  Section  under  their  true 
dips  and  relative  thickness. 


Fig.  266. — Section  of  Griffin  Ravine  W.  of  Scranton,  looking  N.E. — 1  inch  =  400  feet. 


This  Section  spans  two-thirds  of  the  breadth  of  the  Roaring  Brook  Basin,  the  other  third 
extending  from  the  Lackawanna  to  the  anticlinal  axis  No.  1,  or  that  which  lifts  one  of  the  lower 
coal-seams  to  view  a  little  S.  of  the  back  road  to  Pittston.  It  will  be  observed,  however,  from 
the  Section,  that  there  prevails  but  one  direction  of  dip  in  the  strata  across  this  broad  space.  This 
is  in  consequence  of  the  flattening  down  of  the  second  anticlinal,  the  arching  of  which  is  barely 
noticeable  at  the  mouth  of  Roaring;  Brook,  and  becomes  almost  or  altogether  null  as  far  W.  as  the 
main  road,  its  sole  efiect  there  being  to  lift  the  strata  into  a  horizontal  position,  not  to  incHne 
them  S.  The  coals  do  not  lie,  therefore,  strictly  in  basin  form,  but  only  on  the  S.  side  of  a  very 
broad  flat  basin,  the  one  margin  of  which  is  the  S.  Axis  No.  1,  the  middle  of  which  is  the  high 
table-land  between  the  Lackawanna  and  Keyser's  Creek,  gently  undulated  perhaps  by  one  or 
two  of  the  anticHnals  of  tlie  Lackawanna  ;  and  the  N.  side  of  which  is  formed  by  the  South- 
dipping  strata  of  Keyser's  Creek  on  the  mountain  N.  of  it.  As  already  intimated,  only  the  lower 
coals  have  their  outcrops  S.  of  the  Lackawanna  opposite  the  Bellevue  Mines,  but  as  we  go  further 
S.W.,  near  the  township  line,  coals  even  as  high  as  the  Diamond  Seam  appear  to  come  in.  On 
the  lands  of  the  several  companies  entitled  the  National,  the  Quaker  City,  and  the  Anthracite, 
collieries  have  been  recently  established  on  one  or  other  of  these  coals,  but  particularly  on  coals 
D  and  F.  At  Taylorsville,  upon  the  Union  Coal  Company's  property,  extensive  shaft-mines  have 
been  commenced  upon  coals  thought  to  be  D,  F,  and  G,  In  the  bluff  which  ranges  from  the 
river  on  its  N.  side  to  the  mouth  of  the  Griffin  Ravine,  coals  D,  E,  and  F  appear,  and  it  is  obvious, 
from  the  direction  of  their  dip  and  the  form  of  the  ground,  that  their  outcrops,  under  the  alluvial 
flat  below  the  Bellevue  Mines,  must,  from  the  depth  to  which  the  coal  strata  have  been  there  washed 
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away,  lie  considerably  to  the  N.W.  of  the  lines  prolonged  from  their  outcrops  at  the  foot  of  the 
bluff ;  in  other  words,  a  deep  denudation  has  swung  their  outcrops  Northward. 

Following  this  bluff,  and  afterwards  the  Griffin  Kavine,  into  which  it  prolongs  itself,  we  meet 
with  the  several  coals  in  succession  thus  :  First,  close  to  the  river  edge,  at  the  base  of  the  hill, 
appears  Coal  D,  dipping  very  gently  Northward  from  the  stream.  Its  face  has  been  well  stripped 
to  show  its  quality,  size,  and  subdivisions,  which  are  as  follow  : — 


Feet. 

In. 

Feet. 

In. 

Coal,  very  good, 

4 

0 

Slate,  . 

1 

0 

Coal,  bony, 

0 

11 

Coal,  good, 

1 

8 

Slate,  . 

0 

8 

Slate,  . 

3 

6 

Coal,  . 

1 

0 

Coal, 

1 

4 

Coal  E  of  Roaring  Brook  has,  at  this  more  Western  locality,  either  thinned  down  and  disap- 
peared altogether,  or  it  has  merged  itself  into  Coal  F  as  a  lower  bench,  by  the  thinning-out  of 
its  few  feet  of  overlying  fireclay,  the  most  probable  view  of  the  two. 

Coal  F. — Eegarding  the  second  thick  mass  of  coal  as  one  seam,  though  made  up  of  several 
benches,  and  viewing  it  as  the  equivalent  of  the  Big  Seam  of  Roaring  Brook, 
we  find  it  developed  in  usual  magnitude  in  the  blufi"  at  the  river.    Its  dip  is 
extremely  gentle  Northward,  and  several  drifts  and  provings  give  ample  oppor- 
tunity for  estimating  its  size  and  subdivisions  ;  these  are  as  follow  : — 


Feet 

In. 

Feet. 

In 

Coal, 

1 

0 

Slate, 

0 

6 

Slate, 

0 

6 

Coal, 

0 

7 

Coal,  bony, 

1 

3 

Slate, 

0 

2 

Coal, 

5 

0 

Coal, 

2 

4 

Coal,  bony, 

0 

4 

Slate, 

0 

6 

Slate, 

1 

6 

Coal, 

2 

9 

Coal, 

2 

0  . 

Fig.  267.— Coals  F  (Big) 
and  E,  River  Bluff, 
near  the  Bellevue 
Mines. 

This  coal  vanishes  under  the  flats  a  few  hundred  feet  S.  of  the  mouth  of  the  Griffin  Ravine, 
and  must  outcrop  in  the  flats  S.  of  the  Bellevue  Mines. 

The  next  seam  ascending  is  Coal  G.  This  enters  the  ground  above  the  water-level  of  the 
Griffin  Ravine  immediately  N.W.  of  the  Lackawanna  and  Bloomsbury  Raih'oad  ;  its  outcrop 
curving  Eastward  out  of  the  ravine,  and  thence  N.E.,  passing  S.  of  the  slope,  and  N.  of  the  Shaft 
No.  1  of  the  Bellevue  mines.  The  coal  having  been  washed  away  at  the  point  where  the  shaft 
is  sunk,  the  coal-bed  first  to  be  met  with  in  this  shaft  will  be  the  Big  Seam.  The  depth  reached 
in  January  1856  was  120  feet,  making  it  probable  that  the  large  coal  would  soon  be  struck. 
This  coal-bed  of  the  slope,  or  G,  exhibits  at  this  locality — 

Feet.  Inches. 

Coal,       .......  2  6 

Slate,      .  0  2—4 

Coal,       .......  3  6 

The  slope  does  not  enter  directly  upon  the  coal,  but  reaches  it  through  overlying  material  at 
a  moderate  depth,  by  descending  at  a  steeper  angle. 

'  The  coal  next  above  that  entered  by  the  slopes  is  also  exposed  in  the  Griffin  Ravine  west  of 
the  Bellevue  Mines,  where  its  outcrop  is  about  35  feet  above  the  slope-bed.    In  geological  posi- 
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tion  it  corresponds  to  the  Diamond  Seam,  though  at  this  locality  it  fails  to  sustain  the  usually 
high  reputation  of  that  coal.  It  contains  between  top  and  bottom  slates  a  thickness  of  6^  feet, 
though  at  this  point  the  good  coal  amounts  to  only  4  feet.  It  seems  to  underlie  the  high  ground 
back  to  Keyser's  Creek,  near  which  stream,  at  the  Hampton  Mines,  a  shaft  has  been  sunk,  meet- 
ing what  appears  to  be  this  coal  at  a  depth  of  121  feet  beneath  the  surface.  The  seam  there 
struck  possesses  the  usual  dimensions  and  good  quality  of  the  Diamond  bed.  At  that  shaft  the 
following  measurement  of  the  coal  was  obtained  : — 


Feet. 

In. 

Feet.  In. 

Coal, 

5 

9 

Slate, 

1  10 

Coal,  bony,  . 

1 

3 

Coal, 

1  8 

Coal,  fair  quality, 

1 

10 

Fireclay, 

The  dip  is  2°  S.,  from  10°  to  15°  E. 

A  little  East  of  the  Hampton  Mines,  the  Hyde  Park  Coal  Company  propose  working  the  same 
bed  by  a  shaft,  which  it  is  estimated  will  require  to  be  sunk  about  115  or  120  feet  from  the 
surface. 

In  the  Griffin  Ravine,  as  shown  upon  the  Section,  the  next  overlying  coal-seam  lies  about  52 
feet  higher  than  the  previous  one,  though,  from  some  dislocation  or  slip  near  the  Bellevue  Slope, 
the  interval  which  there  separates  them  is  only  a  few  feet.  Where  visible,  this  coal  has  a  thick- 
ness of  about  3-^  feet. 

The  next  ascending,  considered  to  be  Coal  K,  is  separated  from  that  last  mentioned  by  as 
much  as  80  feet  of  argillaceous  sandstone  in  the  Griffin  Ravine.    It  is  about  3  feet  thick. 

The  highest  coal,  L,  here  discovered  displays,  in  a  trial-shaft  made  at  the  head  of  the  ravine 
near  the  turnpike,  a  thickness  of  5  feet  of  good  coal.  It  evidently  is  to  be  found  only  in  the 
higher  ground.  This  upper  coal  is  that  formerly  opened  on  the  old  road  leading  to  Landis's 
house  on  the  turnpike.  At  this  point  the  dip  is  2°  S.,  showing  it  to  be  on  the  N.  side  of  the 
basin.  It  is  supposed  to  be  the  same  coal  which  is  worked  in  the  depression  further  towards 
Hyde  Park  known  as  Philips'  bed. 

On  the  top  of  the  saddle.  No.  2,  exposed  in  the  cut  Eastward  from  the  Bellevue  Mines,  the 
seams  above  Coal  G  appear  to  be  denuded  away,  to  enter  again  under  the  higher  ground  further 
W.  In  this  cut  of  the  railroad  a  boring  is  reported  to  have  met  with  the  following  results  : 
Rock,  1 6  feet ;  slate,  1  foot  4  inches  ;  coal,  7  feet  8  inches,  divided  by  7  inches  slate  ;  slate 
feet  to  rock.  The  coal  here  cut  is  deemed  to  be  the  slope-coal  G.  Along  the  top  of  the  cut, 
black  dirt  is  visible,  and  the  same  was  cut  in  several  weUs.  This  may  be  "  washing  "  from  the 
Diamond  seam. 

Coals  on  Axis  No.  4. — It  has  been  already  intimated  that  the  anticlinal  axis  or  saddle  No.  4 
elevates  the  Big  Coal  F  to  a  considerable  height  above  the  Lackawanna,  in  the  Pinebrook  Mines, 
without  lifting  it  out  to  the  surface.  Between  the  water-level  workings  of  this  mine,  and  the 
bend  of  the  Lackawanna  River  below  the  bridge  uniting  Scranton  with  Hyde  Park,  Coal  G  must 
somewhere  span  this  saddle,  dipping  Northward  into  the  synclinal  basin  occupied  by  the  river, 
and  Southward  into  the  narrower  and  flatter  basin  contained  between  this  and  Axis  No.  3.  It 
is  probable  that  the  N.  and  S.  outcrops  of  Coal  G  meet  on  the  back  of  the  saddle  somewhere  near 
the  Freight  Depot,  though  they  are  entirely  concealed  by  drift.    The  next  coal  which  arches  the 
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axis  is  that  of  Washburn's  Mine  at  the  bend  of  the  Lackawanna,  which,  there  is  every  reason  to 
beheve,  is  the  Diamond  Seam,  or  Coal  H.  Of  course,  if  the  anticlinal  continues  gradually  to  sink 
and  flatten  in  proceeding  Westward,  the  mining  in  this  seam  cannot  be  carried  far  in  that 
direction  before  the  coal  will  lap  across  the  axis  and  sink  to  the  water-level.  Ascending  towards 
the  main  road  along  the  line  of  this  axis,  we  find  it  nearly  spanned  by  one  of  the  upper  coals, 
apparently  K,  or  the  so-called  "  Five-feet  Seam,"  at  this  road  between  the  old  Philips  Drift  and 
the  Griffin  Farmhouse.    Beyond  this  vicinity  the  axis  and  the  coals  upon  it  cannot  be  traced. 


COALS  IN  THE  SCEANTON  BASIN,  OR  THAT  BETWEEN  AXIS  NO.  2  AND  AXIS  NO.  4. 

The  most  accessible  or  highest  workable  coal  embraced  between  the  limits  of  the  Odd  Fellows' 
Hall  antichnal  and  that  of  the  Washburn  Arch,  is  the  Big  Seam,  or  Coal  F.  The  mine-galleries 
or  gangways  in  this  coal  enable  us  to  trace  its  outcrop  with  considerable  precision.  Commencing 
with  the  S.  brow  of  the  hill  N.E.  of  the  Eolling  Mill,  overlooking  the  depression  in  which  Coal 
D  is  opened,  the  outcrop  of  the  Big  Seam  is  traceable  AVestward  to  the  Falls  Eoad,  which  it 
barely  crosses,  turning  almost  immediately  N.  to  run  parallel  to  the  road,  which  it  presently 
recrosses  to  saddle  the  anticlinal  axis  of  Dunmore  and  the  Odd  Fellows'  Hall,  passing  under  Mr 
Hitchcock's  barn.  On  entering  the  main  Scranton  Basin  it  crosses  the  Dunmore  and  Scranton 
Eoad  at  right  angles,  a  little  E.  of  where  the  Falls  Eoad  turns  off.  The  outcrop  now  swings 
away  towards  the  centre  of  the  town,  and  is  no  longer  traceable.  The  subordinate  anticlinal. 
No.  3  of  the  series,  which  passes  through  the  centre  of  the  town,  throws  out  the  Big  Seam  to  the 
surface  S.E.  of  Pinebrook,  and  the  coal  is  exposed  in  two  lines  of  outcrop  which  converge  West- 
ward, and  unite  across  the  saddle  near  the  air-shaft  connected  with  Drift  No.  3.  The  Southern 
outcrop  connected  with  this  saddle  crosses  Olive  Street  of  Scranton  almost  at  right  angles,  then 
bends  and  runs  parallel  to  it,  and  finally  sweeps  round  and  becomes  parallel  to  its  first  course, 
when  it  again  turns  and  crosses  Madison  Avenue.  The  Northern  line  of  outcrop  pursues  a 
nearly  Easterly  course  from  their  point  of  divergence  over  the  axis.  Drift  No.  3  enters  by 
a  slope  until  it  strikes  the  coal  dipping  N.,  then  swings  round  Southward  over  the  saddle, 
meeting  Drift  No.  2,  which  enters  nearly  S.  of  the  saddle  further  Eastward,  being  driven  to  meet 
the  coal  on  its  S.  dip.  It  was  stated  that  the  other  axis  next  N.,  or  No.  4,  does  not  lift  the  Big 
Seam  to  the  surface,  but  is  surmounted  by  the  gangways  in  the  Pinebrook  Mine  No.  1.  A  deep 
covering  of  diluvium  hides  all  the  strata  between  the  Pinebrook  Mines  and  the  river  at  Wash- 
burn's Mine.  Even  the  wells,  sunk  in  the  sand  and  gravel  to  a  depth  of  70  feet,  have  failed  to 
reach  the  Coal-measures. 

The  following  are  the  subdivisions  of  the  coal  at  the  Pinebrook  Mine  No.  1.  It  may  be 
taken  as  a  type  of  the  coal  at  the  various  openings,  though  there  is  some  variation  in  the 
thicknesses  : — - 


Feet.  Inches. 


Coal,  impure, 
Slate,  . 

Coal,  good  (Foundry  bench), 
Coal,  bony, 
Slate,  . 
Coal,  good. 


1 


0  to 


6 
0 
G 
0 


Feet. 
1 
1 

5 
1 
2 
6 


Inches. 

3 
9 
0 
6 
0 
0 


Fig.  268.  —  Big  Coal  F, 
Pinebrook  Mines. 
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BASIN  OF  PINEBROOK  AND  THE  LACKAWANNA. 

The  fifth  anticlinal,  ranging  through  the  Swetland  Meadows  north  of  the  Lackawanna,  must 
cross  the  stream  in  the  neighbourhood  of  the  bridge  of  the  plank  road.  A  coal-bed,  apparently 
not  a  very  thick  one,  outcrops  near  the  bridge.  The  probability  is  that  this  seam  is  identical 
with  the  lower  one  of  the  bluff  at  the  Fellows'  Mine — namely,  Coal  G-.  If  such  is  the  case,  the 
basin  of  the  Big  Seam  of  Pinebrook  can  extend  to  but  a  limited  distance  Northward  of  the 
brook ;  how  far  up  this  stream  it  basins  out,  has  not  been  ascertained.  In  consequence  of  the 
Westward  declension  of  the  two  saddles  bounding  the  basin,  this  trough  of  the  coal  itself  sub- 
sides gently  in  the  same  direction.  It  follows  as  a  physical  necessity,  that  as  we  pursue  it 
Westward,  higher  and  higher  coal-seams  will  come  in,  first  G,  and  then  H,  and  finally  I  and  K. 
Now  Coal  H,  or  the  Diamond  Seam,  evidently  occupies  about  the  middle  of  the  trough  at  the 
river,  from  the  railroad  bridge  up  to  the  Fellows'  Mine,  for  at  this  latter  spot  it  rises  to  the 
N.  bank  of  the  river  with  a  gentle  Southward  dip,  while,  a  little  way  above  the  railroad-crossing,  it 
sinks  into  the  stream  with  a  N.  dip  on  the  opposite  bank.  The  actual  termination  Eastward  of 
the  narrow  basin  of  this  seam  cannot  therefore  be  far  Eastward  of  the  Fellows'  Mine,  and  it 
must  be  somewhere  between  this  point  of  the  basining-out  of  the  Diamond  Seam,  and  the  Pine- 
brook  working  of  the  Big  Seam,  that  the  next  lower  coal,  G,  must  end  in  a  similar  spoon-shaped 
trough.  Coal  I,  in  all  probability,  basins  out  W.  of  the  Lackawanna,  near  its  bend  below  Hyde 
Park  bridge,  while  K  terminates  its  small  upper  trough  on  the  Fellows'  land,  near  the  main  road 
to  Scranton. 


BASIN  OF  THE  DIAMOND  COAL  MINES. 


We  come  now  to  consider  the  coals  and  their  outcrops  in  the  wide,  flat,  undulating  basin 
N.'  of  the  fifth  anticlinal.     This,  which  is  the  main  central  basin  of 
1 0    the  district,  is  that  which  embraces  the  Diamond  Mines  east  of  the  Swet- 
1 0    land  Meadows  ;  very  little  is  known  of  the  coal-beds  within  the  belt, 
but  W.  it  contains  all  the  higher  coals  of  the  district.    It  is  needless 
here  to  recur  to  the  details  already  furnished  respecting  the  lesser  anti- 
"  clinal  flexures  between  the  main  axis  No.  5  and  the  most  Northerly 
known,  or  No.  9,  or  to  the  coal-seams  lifted  by  them  to  the  surface  along 
the  Hyde  Park  Bluff.    These  flexures  are  prolonged  Westward,  but  in 
^  ^    the  absence  of  mining  or  surface  indications  they  cannot  be  traced.  The 
.  g    central  synclinal,  or  deeper  middle  line  of  the  general  trough,  Hes  not  far, 
probably  about  200  feet,  S.  of  Slope  No.  2,  and  if  prolonged  so  far,  it 
"    must  hold  about  the  same  position  with  reference  to  Coursen's  Shaft 
at  the  Hampton  CoUiery  on  Keyser's  Creek.    At  both  of  these  localities 
Fig.  269.-Generai  Section       [basiu  coutaius  the  Diamoud  Seam,  and,  as  a  consequence,  aU  the 
■  "Diamond  Mfnes!" underlying  coals. 
Outcrops. — Commencing  with  the  lower  outcrops  accessible  along  the  bluff  bordering  the 
Swetland  Meadows,  we  may  trace  them  along  its  base,  by  the  surface-workings  of  the  Diamond 


H  (Diamond)    7-10  0-1 


f  (Big)  11-13  9 
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Mines,  the  whole  way  from  a  drift  in  the  Diamond  Seam,  in  a  little  ravine  just  W.  from  the 
plank  road,  S.  past  the  Diamond  Mines,  and  the  mouth  of  the  ravine  at  Lewis  and  Howell's, 
(known  as  Silkman's),  and  past  the  Old  Swetland  Drift,  until  we  reach  the  foot  of  the  little 
anticlinal  ridge,  where  these  two  coals  are  lifted  by  the  arching  of  anticlinal  axis  No.  5,  and 
thrown  out,  to  enter  the  ground  again  on  the  S.  side  of  the  axis  at  the  Fellows'  Mines.  Along 
this  bending  line  of  outcrop,  these  two  coals  undulate  gently  over  the  three  intervening  anti- 
dinals,  Nos.  6,  7,  and  8,  which  are  so  flat  and  gentle  as  to  occasion  almost-  no  deflection  of  the 
gangways  within  the  mines,  their  tendency  being  to  hold  up  the  coals,  and  spread  them  near  the 
surface  in  a  broad  expanse,  admit-ably  adapted  for  economic  mining.  The  Diamond  Mine-drift 
enters  this  coal  at  the  level  of  the  Meadows.  A  boring  here  made  cut  Coal  G  at  a  depth  of 
about  43  feet,  and  penetrated  47  feet  lower  to  the  Big  Coal  F.  Adjoining  this  drift.  Slope  No.  1 
descends  obliquely  through  the  measures,  separating  the  Diamond  bed  from  Coal  G,  to  the  latter 
seam.  Slope  No.  2,  further  S.W.,  descends  through  overlying  materials  to  Coal  H.  Still  further  S.W., 
Shaft  No.  2  enters  the  ground  at  the  foot  of  the  second  bluff,  and  penetrates  to  the  Diamond,  or 
Coal  H,  at  a  depth  of  about  100  feet.  From  the  bottom  of  this  coal  in 
the  shaft,  a  boring  has  been  carried  down,  cutting  Coal  G  at  10  feet 
depth,  and  Coal  F  43  feet  below  the  bottom  of  Coal  G.  Our  section  of 
the  shaft  exhibits  these  coals. 

Proceeding  next  to  the  coal-beds  I  and  K,  we  find  them  ranging 
parallel  for  many  hundred  yards  along  the  line  of  the  Northern  division 
of  the  Delaware,  Lackawanna,  and  Western  Eailroad,  the  cuttings  of 
which  expose  them  in  some  places  clearly  to  view.  The  outcrop  of  Coal 
K  is  in  some  places  above,  in  others  below  the  railroad-level,  while 
that  of  the  underlying  Coal  I  runs  below  the  railroad,  near  the  base  of 
the  upper  bluff.  From  the  Silkman  Eavine  the  outcrop  of  Coal  K  may 
be  traced  along  the  face  of  the  upper  bluff,  or  that  which  immediately 
supports  the  village  of  Hyde  Park,  running  at  first  S.  and  then  S.W.,  until,  crossing  the 
Scranton  and  Hyde  Park  Eoad,  it  meets  the  fifth  anticlinal  axis.  Here  an  extensive  denudation 
of  the  strata,  forming  the  S.  flank  of  this  very  flat  saddle,  has  cut  away  the  South-dipping 
portion  of  the  coal,  and  left  it  with  one  outcrop,  to  enter  almost  horizontally  the  face  of  the 
bluff 

A  little  W.  of  the  Silkman  Eavine,  a  colliery  has  been  established  in  the  Diamond  Seam  by 
Lewis  and  Howell,  access  to  that  coal  being  had  by  a  slope-mine  sunk  Westward  obliquely 
through  the  strata,  commencing  in  the  ground  between  the  outcrops  of  Coals  I  and  K,  and 
cutting  the  Coal  I  in  its  descent  to  Coal  H,  in  which  it  terminates. 

N.W.  of  the  line  of  outcrop  last  traced  we  are  unable  to  discover  any  outrising  of  the  coal 
that  can  be  identified.  A  few  surface-shafts  have  been  sunk,  but  they  lead  to  no  positive 
results.  We  feel  quite  assured,  however,  that  none  of  the  lower  coals  rise  to  the  surface  in  the 
high  ground  S.  of  Keyser's  Creek  ;  beyond  this,  however,  they  outcrop  in  succession  on  the  flank 
of  the  mountain  bordering  the  valley  on  the  N.W. 

The  following  measurements  exhibit  the  thickness  and  subdivisions  of  the  Diamond  Seam, 
and  Coals  F  and  G,  at  the  mines  near  Scranton. 

VOL.  II.  2  r 


n  (Diamond^  10  I 
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Fig.  270.— Shaft  No.  2,  Diamond 
Mines. 
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Goal  II,  or  Diamond  Bed,  Washburn's  Mine — 


Fig.  271.— Coal  H. 
Washburn  Mine. 


FIG.  272.  —  Coals  H 
and  G,  Shaft  No.  2, 
Diamond  Mines. 


Fig.  273. -Coal  G,near 
the  Fellows'  Mine. 


Fig.  274.  —  Coal  F, 
Shaft  No.  2,  Diamond 
Mines. 


Coal, 
Slate, 
Coal, 

Coal, 

Slate, 

Coal, 

Slate, 

Coal, 

Slate, 

Coal, 

Coal, 

Slate, 

Coal, 

Slate, 

Coal, 

Slate, 

Coal, 

Coal, 

Slate, 

Coal, 

Slate, 

Coal, 


Coal  H,  Diamond  Mine  Shaft — 


Coal  G,  near  Fellows'  Mine- 


Coal  F,  Big  Seam^  Diamond  Mine  Shaft- 


Feet. 

6 
1 

9 


7 

0 
2 
1 
0 
0 
1 

0 
0 
0 
0 
3 
0 
2-3 

1 

0 
5 
0 
5 


Inches. 

9 
0 
0 

5 
2 
0 
0 
6 
2 

0 

6 
3 
9 
3 
2 
4. 
0 

5 
8 
2 
5 


To  bring  out  in  a  clearer  light  the  remarkable  productiveness  of  this  portion  of  the  lower 
Coal-measures  of  the  Scranton  district,  I  will  present  in  a  tabular  form  the  actual  least  thicknesses 
of  the  several  coals  within  the  strata,  their  net  thickness  of  good  coal  fit  for  market,  and  the 
computed  yield  of  such  coal  per  acre  from  each  bed. 


TABLE. 

Coals.  Least  Thicknesses.        Good  Coal.  Yield  of  Good  Coal  pel-  Acre. 


K,  . 

5  feet. 

3  feet. 

4,000  ton 

I, 

.      7  „ 

7,000  „ 

H, 

.     10  „ 

n„ 

12,000  „ 

G, 

.       6  „ 

3  „ 

5,000  „ 

F, 

.     12  „ 

9.„ 

15,000  „ 

D, 

.       8  „ 

6  „ 

10,000  „ 

C, 

6  „ 

7,000  „ 

54  feet.  37i  feet.  60,000  tons. 

These  totals  hold  good,  of  course,  only  for  those  portions  of  the  coal-field  which  are  under- 
laid by  all  the  seven  coals  enumerated.  If  we  wish  to  aggregate  the  gross  amount,  the  net 
amount,  and  the  amount  per  acre,  contained  in  the  four  middle  beds  D,  F,  G,  and  H,  which  lie 
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within  a  thickness  of  200  feet  of  strata,  and  spread  beneath  every  acre  of  the  central  coal-field, 
excepting  only  a  narrow  belt  along  its  S.  border,  we  shall  find,  on  summing  up  the  columns  of 
the  table,  that  the  least  total  thickness  of  these  coals  is  36  feet,  their  yield  in  thickness  of  good 
coal  is  upwards  of  25  feet,  and  their  productiveness  per  acre  42,000  tons. 

In  the  KE.  portion  of  the  district  under  consideration,  several  collieries  have  been  established 
within  a  few  years,  and  are  in  successful  operation.    These  are  as  follow  : — 

The  Slope  Mine  of  the  Neiv  York  and  Pennsylvania  Coal  Company,  situated  upon  Fuller's 
Creek,  a  tributary  of  Legget's  Creek.  In  this  mine  the  Big  Coal  is  wrought,  and  displays  the 
following  dimensions  : — 

Feet.  Inches. 

Coal,  poor,        .  .  .  .  .  .  .30 

Coal,      .  .  .  .  .  .  .  .42 

Slate  and  bone  coal,       .  .  .  .  .  .12 

Coal,  4  8 

The  coal  at  this  point  is  of  inferior  quality,  and  we  learn  the  Company  are  about  to  tunnel 
Northward  to  Coal  D,  which  in  a  drift  displays  a  thickness  of  6  feet  free  from  slate.  Between 
the  two  larger  beds  a  2-feet  seam  is  displayed  in  the  brook  bed. 

Clark's  Mine. — At  this  point  Coal  D  is  wrought  by  a  slope,  sunk  Northward  to  meet  it  upon 
a  gentle  Southward  dip.  There  are  one  or  two  water-level  gangways  entering  upon  the  same 
bed  in  the  neighbourhood.    The  coal  varies  in  thickness  from  5  to  8  feet. 

The  Luzerne  Coal  Company  have  sunk  a  slope  in  the  Big  Seam  upon  the  bank  of  Legget's 
Creek  ;  the  dip  is  Southward.    The  coal  possesses  its  average  dimensions. 

N.W.  of  the  village  of  Providence  the  high  ground  evidently  contains  Coal  I,  and  of  course 
the  Diamond  bed  and  the  seams  beneath  it.  This  has  been  proved  by  several  borings,  upon  the 
basis  of  which  the  Vanstork  Coal  Company  are  about  to  establish  a  shaft-colliery.  They  are 
reported  to  have  cut  Coal  I  at  100  feet  beneath  the  surface,  below  which  Coal  H  has  been  found 
at  the  unusual  depth  of  1.50  feet.    It  is  said  to  be  9  feet  thick. 

Subjoined  are  the  results  of  a  boring  made  on  the  flats  of  the  Lackawanna  opposite  Provi- 
dence ;  how  far  they  are  reliable  I  am  unable  to  say  : — 


Feet. 

In. 

Feet.  In. 

Surface  material,  sand,  &c.. 

54 

3 

Coal, 

1  G 

Coal, 

6 

0 

Slate, 

0  7 

Slate, 

3 

0 

Coal, 

2  1 

Sandstone,  hard  and  white, 

22 

1 

Fireclay,  ball  ore,  . 

19  10 

Slate, 

1 

0 

Sandstone, 

3  11 

Sand-rock, 

18 

1 

Slate,  with  ore, 

25  7 

Coal, 

0 

6 

Coal, 

6  1 

Slate, 

18 

8 

Slate, 

0  2 

Coal, 

0 

7 

Coal, 

1  4 

Slate,  &c., 

10 

1 

Slate, 

6  10 

EOAD  BETWEEN  HYDE  PAEK  AND  PITTSTON. 

About  a  quarter  of  a  mile  W.  of  the  Meeting-house,  on  the  road  miles  from  Hyde  Park),  strong  N.  dips  were 
seen,  followed  by  decided  S.  dips,  then  an  undulation  and  S.  dips  again.    Here  seems  to  be  a  well-marked  anti- 
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clinal,  crossing  tlie  road  obliquely.  About  200  yards  E.  of  Stewart's  Lackawanna  Tavern  are  exposures  on  the 
S.  side  of  the  road  of  sharp  knobs  of  South-dipping  massive  sandstone,  and  near  the  road  North-dipping  rocks, 
forming  a  sharp  anticlinal  turn.  On  the  first  hill  below  this  tavern  the  dips  are  N.  and  E.  Near  the  black- 
smith's shop,  at  the  road  fork,  on  line  between  Lackawanna  and  Pittston  townships,  a  coal  is  opened,  measuring 
about  7  feet.  A  little  to  the  N.,  in  a  field,  is  a  ledge  ;  dipping  N.  is  another  seam  geologically  above  that  outcrop- 
ping on  the  road. 

On  the  farm  of  Erastus  Smith,  near  the  Northern  Road,  a  road  up  the  back  valley  on  the  N.  side  of  the  basin, 
a  7-feet  coal  has  been  proved.  All  the  coal  hereabout  dips  to  S.  rather  gently.  Smith's  opening  is  situated 
on  the  S.  side  of  the  North  Road  near  the  sawmill.  Babb  has  opened  a  coal  on  the  flank  of  the  mountain  N. 
of  his  place,  and  the  Big  Bed  of  Pittston  is  thought  by  some  to  crop  out  on  the  mountain.  Between  the  North 
and  Main  Road  Philips  has  opened  a  7-feet  coal. 

Above  the  Old  Forge  place  Drake  has  opened  a  7-feet  coal  in  a  hollow  leading  down  to  the  diluvial  plain, 
in  a  dii-ection  a  little  E.  of  S.  from  the  barn  at  the  fault  or  anticlinal  seen  on  the  middle  or  turnpike  road.  This 
opening  seems  to  be  about  800  feet  from  the  road  ;  the  dip  is  gently  N.  Farther  S.,  and  quite  near  the  K  bank 
of  the  Lackawanna,  Drake  has  opened  a  5-feet  bed,  and  between  this  and  the  other  has  found  proofs  of  stiQ 
another  coal.    The  coal  of  the  7-feet  bed  is  used  by  the  neighbours,  and  is  said  to  be  very  good. 

At  the  crossing  of  the  Lackawanna,  at  Old  Forge,  there  is  a  long  series  of  exposures  of  sandstone  with  gentle 
N.  dips.  At  Babylon  the  dip  is  flat  Southward.  Near  this  place  a  boring  was  made,  near  the  middle  of  the 
river,  to  a  depth  of  76  feet,  when  the  machinery  was  swept  away  by  a  freshet.  A  small  coal,  4  inches  thick, 
was  cut  60  feet  from  the  surface.  A  little  below  Babylon  is  Massey's  Coal,  dipping  gently  S.  j  it  is  8  feet  thick, 
and  corresponds  to  the  7-feet  bed  at  Pittston. 

FEOM  SPEING  BEOOK  TOWAEDS  SCEANTON,   VIA  THE  SOUTH  EOAT). 

At  the  point  of  the  first  hill  or  cliff  N.  of  Spring  Brook,  a  sandstone  dips  very  flat  Northward  from  a  point  200  yards 
from  the  hoiise  at  the  foot  of  the  hill. 

Due  N.  from  the  foot  of  the  hill,  a  cliff  on  the  N.  side  of  the  Lackawanna  flats,  about  a  quarter  or  a  third  of  a  mile 
distant,  exhibits  strata  dipping  gently  Northward. 

On  the  first  bench  of  the  hill,  coarse  pebbly  sandstone  dips  8°  N.  in  a  fold  about  300  feet  N.  of  the  road.  This  is 
better  seen  in  a  N.  dip  and  gentle  roll  on  the  top  of  the  hill,  where,  though  almost  flat,  its  inclination  is  Northward. 
A  little  beyond  is  a  local  anticlinal. 

The  next  hill-top  displays  very  flat  N.  dips.  Near  the  top  of  it  Mr  Tuttle  has  opened  a  coal  8  feet  thick,  dipping 
5°  N.  Mr  Tuttle  says  this  coal  enters  the  hill-top  S.  of  this  locality.  He  thinks  the  coal  and  Drake's  on  the 
opposite  side  of  the  river  are  the  same.    Thus  far  all  the  rocks  have  an  average  N.  dip. 

On  the  creek  which  crosses  the  road,  the  only  one  on  the  map,  a  little  way  below  the  road,  coal  is  said  to  have  been 
dug.  Ascending  for  a  considerable  distance,  and  then  proceeding,  we  have  a  wide  flat  surfiice,  evidently  of  neai'ly 
horizontal  rocks,  though  no  masses  are  to  be  seen.    Moore's  coal-opening  on  this  road  displays — 

Feet.  Inches. 

Coal,  .  .  .  .  .       1  G 

Slate,  .  .  .  .  .10 

Coal,  .  .  .  .  .50 

In  the  ravine  N.  of  J.  D.  Smith's,  on  the  back  road  from  Pittston,  about  '2\  miles  from  Scrauton,  there  are  two 
veins — the  Coal  A,  at  the  head  of  the  ravine,  dipping  N.  about  12° ;  about  4^  feet  have  been  opened,  but  it  is  said  to  be 
much  thicker  below :  another,  Coal  B,  is  undulated,  and  displays  two  outcrops.  Some  6^  feet  of  coal  are  exposed,  but  the 
bed  is  evidently  thicker  than  this.  The  dip  of  slate  and  coal  near  the  Lackawanna  is  very  decidedly  S.  On  the  opposite 
side  of  the  Lackawanna  is  Phelps'  Mine,  sold  lately  to  the  New  York  Company. 
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STEATA  EXPOSED  ON  THE  PENNSYLVANIA  COMPANY'S  LOADED  TEACK  EAILEOAD 

FEOM  PITTSTON  TOWAEDS  SCEANTON. 

The  top  of  Plane  2  at  Pittston  lifts  us  above  tlie  great  lower  terrace  of  drift.  Here  we  have 
good  exposures  of  Coal-measures  dipping  N.  about  1 5°.  A  coal  is  opened  to  the  S.  of  the  track 
and  20  feet  below  it.  The  road  keeps  nearly  on  tlie  strike  for  2  miles,  showing  all  along  the 
same  dip.  This  brings  us  opposite  Plane  22  of  the  empty  track  to  the  S.  On  this  empty  track 
between  Plane  22  and  Pittston,  the  dips,  approaching  Pittston,  are  steady,  and  decidedly  S. 
Between  the  tw^o  tracks  there  is  therefore  included  an  important  anticlinal.  Half-way  up 
Plane  2  we  have  the  level  of  a  second  terrace  of  drift.  Between  Planes  3  and  4  the  dips  seen 
are  undidating,  and  those  towards  the  N.E.  end  of  the  interval  are  mostly  S.,  but  very  gentle. 

Plane  4  is  a  superb  cut  in  heavily-bedded  sandstone.  At  the  top  are  seen  large  faces  of 
North-dipping  sandstone,  and  this  dip  is  repeated  all  the  way  to  the  foot  of  Plane  5.  The  road 
takes  a  more  Southern  turn  after  leaving  Plane  4,  and  cuts  into  and  through  the  North-dipping 
conglomerate. 

We  now  move  along  through  the  great  gorge  or  natural  cut  in  which  both  tracks  pass.  We 
pass  from  the  conglomerate  Southward  into  the  reddish  sandstone  and  sandy  shale  below,  and 
continue  in  these  rocks  a  little  below  the  cono-lomerate  to  the  foot  of  Plane  5.  The  cono-lomerate 
crosses  this  plane  about  midway  up,  dipping  N.,  and  we  continue  on  it  to  the  neighbourhood  of 
Plane  6. 

lEON  OEES  OF  THE  VICINITY  OF  SCEANTON. 

It  has  been  already  mentioned  in  an  early  part  of  this  description  of  the  basin,  that  the 
Umbral  or  Red-shale  formation  of  the  upper  part  of  the  valley  of  Stafford  Meadow  Brook, 
includes  a  layer  or  layers  of  a  peculiar  variety  of  iron  ore,  smelted  at  the  Scranton  furnaces. 

This  belt  of  ore  is  known  to  range  for  a  mile  or  more  with  the  outcrop  of  the  strata  enclosing 
it,  but  to  the  E.  and  W.  of  that  space  it  either  thins  away  or  becomes  too  poor  in  oxide  of  iron 
to  be  recognisable  or  worth  pursuing.  Thus  no  traces  of  it  are  to  be  detected  in  the  prolongation 
of  its  outcrop,  either  in  the  upper  valley  of  Spring  Brook,  or  in  that  of  Roaring  Brook  at  Cobb's 
Gap,  and  it  seems  to  be  restricted,  or  nearly  so,  to  the  lands  of  the  Lackawanna  Iron  and  Coal 
Company. 

Its  dip  is  with  the  strata,  or  towards  the  N.,  at  an  average  angle  of  15°  or  20°,  and  its  topo- 
graphical position  is  the  East  and  West-ranging  longitudinal  valley  between  the  two  mountain- 
ridges,  that  of  the  Serai  conglomerate  and  Umbral  sandstone  on  the  N.,  and  that  of  the  Vespertine 
sandstone  and  conglomerate  on  the  S.  The  geological  situation  of  the  ore  is  just  above  the 
upper  layers  of  the  latter  formation,  or  among  the  lowest  of  the  shales  and  fireclay  beds  of  the 
Umbral  series. 

As  exposed  at  the  mines  of  the  Lackawanna  Iron  and  Coal  Company  on  the  Stafford  Meadow 
Brook,  the  ore  lies  imbedded  in  a  true  fireclay  or  soft  clay-shale,  the  average  thickness  of  which 
is  about  6  feet,  while  the  ore  for  the  most  part  is  in  two  layers  or  courses,  the  lower  one  a 
continuous  band  some  1 8  inches  thick,  and  the  upper  one  a  layer  of  flat  baUs  or  cakes  1 2  inches 
or  less  in  vertical  diameter.  Beneath  this  ore-stratum  is  a  buff-coloured  and  greenish  sandy 
shale,  and  supporting  it  in  turn,  a  grey  compact  sandstone,  which  I  deem  the  upper  bed  of  the 
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great  Vespertine  or  Lowest  Carboniferous  Series.  Above  tbe  ore-deposit  reposes  a  bed  of  close- 
grained,  grey,  argillaceous,  shaly  sandstone,  of  an  average  thickness  of  30  feet,  and  in  the  middle 
of  this  lies  a  band  of  fireclay  one  foot  thick,  containing  also  scattered  balls  of  iron  ore.  Over 
this  sandstone  occurs  a  mass  of  30  feet  of  yellow  and  red  shale,  more  characteristic  of  the 
ordinary  red  shale  outside  of  the  coal-basins  than  any  of  the  other  subjacent 
members  of  this  group  of  strata,  which  present,  indeed,  almost  the  maximum 
of  deviation  from  the  usual  conditions  of  the  Umbral  formation.  The  stratum 
embracing  the  iron  ore  abounds  in  the  same  delicate  fossil  rootlets  of  the 
plant  called  Stigmaria,  which  are  so  distinctive  of  the  fireclay  beds  which 
support  the  seams  of  coal. 

The  iron  ore  itself  appears  to  be  a  concretionary  deposit,  collected  from 
the  imbedding  fireclay  and  overlying  strata  at  their  outcrop.    The  oxide  and 


1  S::^^^>::io?*  carbonate  of  iron  of  which  it  is  composed,  have  been  primarily  diffused  through 
v:-_^j  "'°    these  rocks,  in  part,  perhaps,  under  the  form  of  the  sulphuret  of  iron,  and 
Fig  275.-Umbrai  Strata,  subscQuently  gathered  thus  into  sheets  and  layers  of  balls  by  infiltration  of  the 

snowing  position  or  Iron  j.  ./    o  j  j 

%ook^—°\%nd!:^=m  ^^^^       other  surface-waters.    In  confirmation  of  this  view  of  the  origin  of 
the  ore,  it  appears  that  the  deposit  grows  less  rich  in  iron  wherever  it  is  followed 
far  into  the  hill,  or  is  covered  with  tight  overlying  strata,  as  to  have  experienced  a  less  than 
ordinary  share  of  percolation  from  'the  surface.    In  these  positions  the  ore  is  little  else  than  a 
fireclay,  with  a  merely  greater  than  usual  impregnation  of  the  oxide  of  iron. 

The  ore,  as  taken  from  near  the  outcrop  of  the  beds,  where  it  is  extensively  mined  by  shallow 
drifts  and  by  stripping,  is  a  mottled  dark-green  and  red  sub-crystalline  mixture  of  the  carbonates 
of  iron  and  lime  with  the  peroxide  and  protoxide  of  iron,  containing,  besides,  alumina  and 
some  silica.  It  is  readily  fusible,  and  holding  a  small  amount  of  the  carbonate  of  lime,  it  assists 
materially  in  fluxing  the  more  refractory  ores  with  which  it  is  mingled  in  the  furnaces.  It  is  of 
very  variable  thickness,  the  proportions  of  its  metallic  iron  ranging  from  25  to  45  per  cent.  It 
is  impossible  at  present  to  make  any  exact  quantitative  estimate  of  the  extent  of  this  interesting 
iron  ore  along  its  line  of  outcrop,  so  irregular  is  the  topography  of  the  belt  it  occupies,  and  so 
variable  are  the  circumstances  which  control  the  presence  or  absence  of  that  degree  of  purity 
which  is  essential  to  its  being  profitably  mined  and  smelted.  But  that  it  prevails  in  great 
abundance  must  be  obvious  from  the  mere  consideration  of  the  long  line  of  outcrop,  the  wdde 
belt  over  which  it  is  spread  by  its  gentle  dip,  and  the  consequently  thin  covering  under  which  it 
lies  around  the  margins  of  the  hills. 


lEON  OEES  OF  THE  COAL-MEASUEES. 

Ore  of  Coal  E. — Pursuing,  as  with  the  coal-beds,  the  ascending  order,  the  first  bed  of  iron 
ore  in  the  Coal-measures  of  the  Scranton  Coal-field  is  the  layer  of  large  nodules  or  balls  of  clay 
iron-stone,  or  argillaceous  carbonate  of  iron,  which  underlies  at  an  interval  of  a  few  feet  the 
large  Coal-seam  F.  The  most  abundant  deposit  of  these  balls  is  in  the  Stigmaria  shale  or  fire- 
clay immediately  beneath  the  little  Coal-bed  E.  Here  the  masses,  generally  2  or  3  feet  in 
diameter,  lie  usually  in  a  single  course,  the  balls  not  being  in  contact,  but  sometimes  two  or 
three  diameters  asunder. 
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They  are  of  a  blue  colour,  compact  and  excessively  hard,  and  are  of  the  structure  of  Septaria; 
that  is  to  say,  they  have  been  fissured  from  the  centre  outward  by  shrinkage,  and  the  crevices 
filled  with  infiltrated  crystalline  quartz,  brown  spar,  sulphuret  of  ii'on,  and  sulphuret  of  zinc. 
Externally  they  are  of  a  light  bluish-grey  colour,  and  less  rich  in  iron  than  within,  and  are 
marked  with  the  rootlets  of  the  Stigmaria  traceable  a  short  way  below  their  surfaces,  showing 
them  to  be  true  concretions.  Iron  made  of  this  ore  alone  is  remarkable  for  its  great  toughness, 
and  strength,  and  hence  the  variety  is  in  much  request  for  mixing  with  the  other  ores  smelted 
at  the  Scranton  Iron-works.  The  principal  ore-drifts  in  this  layer  are  situated  upon  Eoaring 
Creek,  and  are  quite  contiguous  to  the  furnaces. 

Blachhand  Ore  of  Coal  F. — The  next  layer  of  ore  is  a  coarse,  compact,  anthracite  hlack- 
band,  occurring  in  the  black  slate  and  shale  bed  which  immediately  underlies  the  great  Four- 
teen-feet  seam  of  coal  on  the  Lackawanna  W.  of  Scranton.  This  ore  is  of  a  bluish-black  colour, 
not  very  dense  in  texture,  and  is  between  4  and  5  inches  in  thickness.  Under  certain  circum- 
stances of  mining  it  might  be  economically  wrought,  and  would  prove  a  useful  ore  if  mixed  with 
the  other  varieties.  The  blackband  ores  of  the  anthracite  measures  are,  however,  not  to  be 
confounded  in  their  properties  with  the  genuine  blackband  of  the  bituminous  coal-fields,  since 
these  latter,  by  virtue  of  the  bituminous  matters  which  they  contain,  are  much  more  likely  than 
the  former  to  purify  themselves,  in  the  process  of  roasting  or  of  smelting,  from  any  sulphur 
which  they  may  contain.  This  ore  contains  much  carbonaceous  matter,  and  ought  therefore  to 
make  a  good  iron  after  roasting.  When  reduced  to  powder,  it  effervesces  actively  with  hydro- 
chloric acid,  which  shows  that  it  contains  some  carbonate  of  lime,  another  useful  constituent 
tending  to  facilitate  smelting;. 

Nodular  O^-es  of  the  Coal-seam  K. — In  the  upper  part  of  the  Coal-measures,  immediately 
beneath  the  Coal-bed  K,  and  also  under  its  rider  L,  there  occur  two  beds  of  good  nodular  clay 
iron-ore. 

The  balls  which  underlie  the  first  named  of  these  coals  are  irregularly  scattered  in  a  blue  sandy 
shale,  and  unless  where  very  favourably  exposed  for  surface-stripping,  are  for  the  most  part  too 
coarse  and  lean  in  iron  to  repay  the  cost  of  collecting.  Those  which  adjoin  the  little  Coal  L 
occur  in  its  under-clay,  a  soft  argillaceous  shale.  They  are  in  greatest  abundance  within  7  feet 
of  the  coal-bed,  though  some  occur  in  a  fireclay  next  beneath  this,  reposing  immediately  on  the 
Coal-seam  K.  These  nodules  are  usually  spheroidal  in  shape,  and  vary  from  the  size  of  an  egg 
to  one  foot  in  diameter.  The  quality  of  this  ore  is  good,  it  being  a  tolerably  pure,  heavy,  and 
nearly  homogeneous  protocarbonate  of  iron.  The  balls  weather  of  an  ochreous-brown  colour,  and 
exfoliate  in  concentric  scales  of  peroxide  of  iron,  showing  them  to  contain  some  carbonate  of 
lime,  and  to  be  a  little  sandy.  Under  advantageous  positions  for  mining,  this  ore,  the  abundance 
of  which  is  very  considerable,  may  be  wrought,  both  by  stripping  and  drifting,  at  a  cost  quite 
within  the  limits  of  economical  production. 


OTHER  IRON  ORES  SMELTED  AT  SCRANTON. 

Surgent  fossiliferous  ore  is  smelted  at  the  Scranton  furnaces ;  it  is  brought  from  Clinton  County, 
New  York,  and  costs  at  the  furnace  3  dollars  per  ton.  The  ball  ore  brought  one-fourth  of  a  mile 
from  the  Coal-measures  costs  3  dollars  50  cents.    The  mountain  ore  from  the  mines  on  Stafi"ord 
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Meadow  Brook,  brought  6  miles,  costs  1  dollar  75  cents.  Limestone,  from  Limestone  Eidge, 
below  Berwick,  brought  60  or  70  miles,  costs  1  dollar  50  cents  per  ton.  Two  tons  of  the  lime- 
stone are  required  to  flux  out  one  ton  of  metal.  The  mountain-ore  makes  a  very  red  short  iron ; 
the  Clinton  fossiliferous  ore  a  cold  short  metal  :  the  two  are  therefore  smelted  together. 

EOAEING  BROOK  FALLS. 

This  waterfiill  near  Scranton  is  a  series  of  low  cascades,  followed  by  a  single  fall  of  about 
20  feet.  The  channel  of  the  stream  above  is  worn  in  the  lower  plates  of  the  Serai  conglomerate, 
but  the  principal  fall  starts  from  the  upper  surface  of  the  Umbral  rocks,  and  the  wild  narrow 
gorge  below  is  cut  out  of  these  rocks.  The  lower  beds  of  the  conglomerate  are  quite  coarse, 
some  of  the  pebbles  being  2  or  3  inches  long,  and  most  of  them  more  than  one  inch  in  diameter. 
The  higher  beds  are  generally  less  coarse.  About  1 5  feet  above  the  base,  a  dark-grey  coarse  sand- 
stone takes  the  place  of  the  conglomerate.  Above  this  the  rock  is  conglomeritic,  and  in  some 
places  quite  coarse.  The  thickness  of  this,  as  exposed  in  the  grand  cliff  above  the  falls,  is  about 
50  feet.  The  dip  of  all  these  rocks  is  N.  about  15°  W.  at  an  angle  varying  from  5°  to  12°.  The 
accompanying  sketch  will  convey  an  idea  of  the  principal  fall. 

ABSENCE  OF  COAL  IN  SPRING  BROOK  VALLEY,  SOUTH  OF  THE  LOADED  TRACK. 

A  gentle  Anticlinal,  Axis  No.  VIIL,  crosses  Spring  Brook,  a  little  S.  of  the  Empty  Track  on 
the  W.  side.    Its  S.  dips  are  very  flat,  being  not  more  than  3°. 

From  this  very  gentle  flexure  not  the  most  trivial  dip  to  the  S.  is  visible  all  the  way  up 
the  valley  to  its  turn  at  Dolph's  Mill,  where  the  soft  Vespertine  rocks  outcrop,  and  are  excavated 
as  at  the  Stafford  Meadow  Mines.  The  conglomerate  first  reaches  the  water-level  of  the  vaUey 
below  the  road,  crossing  not  more  than  half  a  mile  above  the  Empty  Track  trestling  ; 
thence  it  ascends  in  an  inclined  plateau  to  its  last  outcrop  S.  of  the  East  and  West  Valley  of 
Dolph's  Mill.  The  Umbral  formation  rises  to  the  bed  of  the  valley  at  the  house  half  a  mile  S. 
of  the  trestling.  It  shows  nowhere  any  red  shale,  but  a  little  reddish  sandstone  ;  and  its  lower 
beds  are  calcareous  at  the  foot  of  Plane  No.  5,  &c.  As  might  be  inferred  from  this  persistency  of 
N.  dips,  there  is  no  actual  basin  S.  of  the  Loaded  Track  to  contain  even  the  lowest  coals  which 
outcrop  N.  of  it  on  Spring  Brook. 

To  the  E.  of  Slope  No.  3  the  coal  runs  out,  for  Joel  Hale  bored  about  300  yards  to  the  E.  of 
the  slope,  beginning  on  one  of  the  underlying  smaU  coals,  and  he  went  down  about  150  feet, 
but  found  no  large  coal.    The  dips  on  the  side  of  the  creek  are  S.  70°  E.  from  the  slope. 

David  Rau  &  Co.  informed  us  that  they  bored  for  coal  on  the  Loaded  Track  about  one-third 
of  a  mile  N.E.  of  the  head  of  Plane  No.  3.  They  assert  that  they  have  on  their  land  the  outcrops 
of  a  coal,  8  feet  thick,  at  100  yards  S.  of  the  Loaded  Track.  The  dip  is  very  gentle  to  the 
N.  Section  at  Rau's  boring  : — 

Feet.  Inches. 

Hard  rock  and  slate,  ......        60  0 

Coal,  0  18 

Sandstone  and  slate,  40  0 

Coal,  14?  0 
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GENEEAL  SECTION  OF  THE  PITTSTON  AND  POET-GEIFEITH  COAL-MEASUEES. 


Before  entering  upon  a  systematic  description  of  the  anticlinal  flexures  of  the  third  district 
of  the  coal-field,  it  will  be  expedient  to  become  acquainted  with  the  strata  themselves.  These 
are  therefore  here  illustrated  in  a  columnar  section,  compiled  from  observations  and  measure- 
ments made  at  Pittston  and  Port-Griffith,  and  checked  by  the  data  derived        ,     ^  ^ 
from  the  Pennsylvania  Company's  mines  and  borings.     The  Section,  which  | 
sufficiently  explains  itself,  indicates  as  many  as  seven  coal-beds  above  the 
base  of  the  main  Pittston  Seam.    A  comparison  of  these  with  the  beds  of  the 
upper  Coal-measures  exposed  by  mining  near  the  mouth  of  Mill  Creek  (see 
fig.  256),  shows,  even  in  this  short  distance,  considerable  variations,  nor 
is  it  indeed  practicable,  in  the  j)resent  superficial  and  unadvanced  state  of 
the  mines,  to  identify  all  the  members  of  the  two  groups.    The  two  Sections 
Avill,  however,  much  assist  the  reader  to  an  understanding  of  the  following 
descriptions  of  the  flexures  of  the  strata,'  and  of  the  coals  contained  in  the 
sub-basins. 

By  the  Pittston  and  Mill  Creek  District  we  mean  the  whole  belt  of  countiy 
S.  of  the  Susquehanna,  which  is  embraced  between  the  meridian  of  Spring 
Brook  and  that  of  the  mouth  of  Mill  Creek,  including  the  region  S.  of  this 
stream  and  Gardener's  Creek,  as  far  as  the  parallel  of  the  mouth  of  Laurel 
Eun.     This  tract  includes  eleven  or  twelve  regular  and  parallel  anticlinals, 
characterised  for  the  most  part  by  much  less  gentle  dips  than  belong  to  the  „ 
flexures  of  the  country  to  the  N.E.  of  Spring  Brook.    Intermediate  between 
some  of  these  are  several  subordinate  anticlinals  of  less  force  and  shorter 
length.    These  disturb  the  regular  basins  of  the  coal  between  the  larger  ones, 
and  materially  afiect  the  facility  of  systematic  mining,  though  they  exercise  pio.  276.— General  Sec- 
but  Httle  influence  on  the  external  features  of  the  country;  nor  are  they    «°"^Pjtteton  and  Port- 
important  in  deflecting  seriously  the  outcroppings  of  the  coal-seams. 

The  members  of  this  large  group  of  anticlinals  are  beautifully  arranged  in  an  oblique  paral- 
lelism, or  in  echelon,  from  the  Lackawanna  to  Mill  Creek. 

Axis  VL,  or  that  of  Morgan's  Mine. — The  first  or  most  Northern  of  the  series,  Axis  VL  of  the 
Map,  crosses  Spring  Brook  and  Mill  Brook  near  their  entrance  into  the  Lackawanna,  ranging  in 
the  usual  direction,  or  about  S.  70''  W.  It  lifts  the  upper  Pittston  Coal  to  above  the  water-level  in 
the  ridge  next  S.  of  the  Lackawanna,  where  it  is  worked  in  a  mine  entering  on  the  arch  of  the 
axis  at  Morgan's  Mines.  To  the  N.E.  of  Spring  Brook  this  anticlinal  seems  scarcely  to  be  felt,  for 
in  its  range  we  meet  a  great  prevalence  of  N.  dips. 

VOL.  II.  2  z 
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Axis  VL  A. — North  of  the  axis  before  us  there  would  seem  to  be  an  insignificant  shorter 
one,  a  little  S.  of  the  main  road,  visible  in  a  coal-drift  and  ravine  a  third  of  a  mile  S.W. 
of  Babb's. 

Axis  VII.  The  next  leading  anticlinal  in  due  order  S.  is  one  of  very  considerable  length,  and  of 
an  obvious  though  moderate  degree  of  flexure.  It  ranges  from  Spring  Brook,  where  we  find  it 
between  the  trestlings  of  the  empty  and  loaded  tracks  of  the  raiboad  as  they  cross  Spring  Brook 
Valley,  and  it  passes  INIill  Brook  below  the  foot  of  Plane  No.  3,  being  finely  exposed  on  the  back 
road  near  Barnum's  Mine.  Thence  it  extends  straight  to  the  termination  of  the  ridge,  carrying  it 
to  the  bluS"  hill-side  E.  of  the  canal,  where  its  N.  and  S.  dips  are  weU  developed  in  the  arch  of 
the  Pittston  Seven-feet  Coal,  in  the  S.  leg  of  which  occurs  Price's,  and,  in  the  Northern,  Schooley's 
Mine. 

Strata  lifted  by  Axis  VII. — This  anticlinal,  evidently  the  lowest  Coal-measures,  elevates  at 
its  Eastern  development  on  Spring  Brook.  Near  this  line  of  elevation,  on  lands  owned  by  Mr 
Ean,  an  8-feet  coal,  and  a  still  thicker  inferior  seam,  have  been  proved,  the  former  by  mining, 
the  latter,  it  is  alleged,  by  boring  ;  and  these  coals  we  regard  as  lying  far  below  the  Pittston  upper 
series.  The  statement  respecting  the  boring  is,  that,  starting  below  the  level  of  the  outcrop  of  the 
Eight-feet  Coal,  it  crossed  another  bed  18  inches  thick  at  the  depth  of  60  feet,  and,  40  feet  deeper, 
ended  in  a  coal  1 4  feet  in  thickness.  If  really  a  coal  1 4  feet  thick  does  exist  here, — but  the 
absence  of  any  such  on  Spring  Brook  throws  a  strong  doubt  upon  the  correctness  of  the  measure- 
ment,— it  cannot  be  the  Pittston  large  seam,  for  the  ob\4ous  reason  that  the  final  outcrop 
of  this  is  known  to  lie  far  to  the  N.  On  the  back  road  at  Barnum's  Mine  the  arch  of  the 
anticlinal  embraces  the  Pittston  Seven-feet  Coal,  or  the  Port-Griflith  Fives  (so  called)  ;  and  a 
little  to  the  E.  of  this  outcrop,  at  a  lower  level  by  some  50  or  60  feet,  there  are  topographical 
and  other  indications  of  the  presence  at  the  surface  of  the  large  Pittston  Coal,  or  the  Fourteen- 
feet  bed.  Neither  of  these  coals  has  been  traced  or  identified  to  any  considerable  distance 
E.  of  this  point  in  the  basin  N.  of  this  anticlinal.  From  the  point  of  exposure  of  the  Pittston 
Seven-feet  Coal,  on  the  back  road  at  Barnum's  to  near  the  end  of  the  ridge  towards  the  river,  this 
coal,  though  above  the  water-level,  does  not  expose  any  outcrop,  being  saddled  by  higher  rocks  ; 
but  the  end  of  the  arch  towards  the  river  being  cut  away,  the  coal  is  there  denuded  and  accessible, 
and  has  accordingly  been  mined,  as  already  intimated.  The  large  Pittston  bed  is  not,  however, 
lifted  on  the  back  of  this  anticlinal  to  the  water-level  of  the  Susquehanna. 

Axis  VII.  A. — Between  this  flexure  and  that  of  Morgan's  Mine  is  a  feeble  swell  of  the  strata 
arresting  their  general  N.  dip.  It  is  seen  in  the  hill  a  little  S.  of  the  Catholic  chapel.  The  efiect  of 
this  is  to  lift  back  the  Pittston  Seven-feet  Coal,  and  to  repeat  it  in  a  second  N.  dip,  where  it  is  mined 
by  Benedict.  It  does  not  seem  that  this  trivial  flexure  extends  any  great  distance  E.  The  strata 
embracing  an  8-feet  bed  of  coal  visible  near  the  Powder-mill  on  Spring  Brook,  have  N.  dips  pro- 
ceeding from  this  axis,  and  to  the  same  flexure  concurring  with  the  general  tendency  of  the  strata 
we  may  refer  the  N.  dips  visible  between  the  Spring  Brook  Valley  and  the  Lackawanna. 

Axis  VIII.,  or  that  of  the  Iron  Foundry. — We  come  now  to  another  anticlinal,  quite  as  exten- 
sive as  the  previous  one,  and  not  far  from  it.  We  first  detect  it  to  the  E.,  on  Spring  Brook,  a  few 
hundred  feet  above  the  trestle-work  crossing  of  the  empty  track.  Here  the  flexm-e  is  extremely 
flat,  the  S.  dip  not  exceeding  perhaps  2°,  and  the  N.  not  more  than  4°  or  5°.  This  anticlinal  is 
conspicuously  exposed  on  the  back  road  on  the  Barnum  ground  S.  of  an  abrupt  hiU,  the  result 
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of  an  upthrow  or  dislocation  in  the  line  of  the  axis.  From  this  point  the  saddle  is  traceable  to 
the  end  of  the  ridge  facing  the  Susquehanna. 

Strata  exposed. — At  the  river  the  axis  is  denuded,  and  the  Pittston  Seven -feet  Coal  is  laid 
bare  just  above  the  level  of  the  turnpike,  opposite  the  Iron  Foundry.  The  fault  connected  with 
this  anticKnal,  detected  by  mining  operations  at  the  base  of  the  bluff  hill  adjacent  to  the  back 
road,  uplifts  the  strata  on  its  N.  as  much  as  50  or  60  feet,  placing  the  Seven-feet  Coal,  which  to 
the  S.  of  the  axis  is  at  the  level  of  the  valley,  high  on  the  side  of  the  hill  to  its  N.  On  Spring 
Brook,  about  3  miles  to  the  E.  of  this  point,  the  strata,  exposed  in  a  scarcely  perceptible  flexure, 
seem  to  be  those  of  the  very  lowest  portion  of  the  Coal-measures,  for  it  is  only  about  one-third 
of  a  mile  to  the  S.  of  its  position  that  the  conglomerate  base  of  the  Coal-bearing  rocks  rises  out 
to  the  level  of  the  valley  of  Spring  Brook,  the  strata  in  the  space  between  ascending,  moreover, 
with  an  extremely  gentle  inclination.  It  is  obvious,  that  between  the  valley  of  Spring  Brook 
and  the  valley  of  Mill  Brook,  along  this  anticlinal,  and  indeed  on  both  sides  of  it,  none  but  the 
lower  Coal-measures  are  lifted  to  the  surface  ;  nor  is  it  till  we  cross  the  Loaded  Track,  or  even 
approach  the  main  back  road,  that  we  meet  with  what  are  called  the  upper  Pittston  measures. 
A  little  S.  of  that  road,  however,  we  may  detect  the  outcrop  of  the  great  Pittston  Seam  swing- 
ing N.,  and  then  E.,  for  a  fourth  or  a  third  of  a  mile,  to  basin  out  in  the  synclinal  trough  which 
lies  between  the  axis  we  are  considering  and  the  previously-described  anticlinal  N.  of  it.  From 
the  neighbourhood  of  the  fault  on  the  back  road,  to  near  the  end  of  the  ridge  at  the  river,  the 
Pittston  Seven-feet  Coal-bed  is,  for  the  chief  part  of  this  distance,  saddled  over  and  concealed  by 
higher  strata. 

This  Pittston  Seven-feet  Coal  comes  to  the  water-level  at  the  Tub  Spring  beyond  the 
bridge,  on  the  main  road.  (I  understand  this  to  be  on  the  first  anticlinal  axis  N.  of  Pittston.) 
It  then  sinks  to  the  N.,  coming  up  to  the  water-level  of  the  valley  at  Price's  Opening  at  the  foot 
of  the  next  hill,  where  it  is  wrought  on  a  S.  dip.  The  next  hill  is  that  of  the  Catholic  chapel,  con- 
taining the  next  anticlinal,  which  is  broad  and  flat.  This  latter  axis  passes  several  hundred  feet  S. 
of  the  chapel.  Spanning  the  axis,  the  coal  goes  in  again  at  the  water-level  at  Schooley's  Drift, 
about  100  yards  S.  of  the  Catholic  chapel.  Here  it  passes  a  little  below  water-level,  and  rises 
again  on  a  very  depressed  arch,  the  axis  of  which  is  a  little  N.  of  the  chapel,  and,  dipping  N.,  is 
entered  at  water-level  at  Benedict's,  about  300  yards  N.W.  of  Schooley's.  This  latter  is  but  a 
subordinate  roU  on  the  N.  flank  of  the  previous  axis. 

Axis  IX. — The  next  anticlinal  which  claims  a  place  in  our  account  of  the  principal  axes,  is  that 
which  passes  S.  of  the  borough  of  Pittston.  This  important  and  very  regular  saddle  first  shows 
itself  in  the  country  between  Mill  Brook  and  Spring  Brook,  but  does  not,  we  believe,  exist  as  a 
perceptible  flexure  at  the  valley  of  the  latter  stream.  It  is  seen  a  little  W.  of  Mill  Brook,  in  the 
ridge  just  S.  of  the  head  of  Plane  No.  22,  where  the  rock-cuttings  on  the  Empty  Track  display 
both  its  N.  and  its  S.  dips,  and  where  one  of  the  lower  coal-beds  has  been  entered  on  the  S. 
flank  of  the  arch.  From  this  intersection  the  axis,  rangino-  alons;  the  summit  of  the  weU-defined 
anticlinal  hiU,  on  the  S.  slope  of  which  runs  the  Empty  Track,  is  again  well  shown  near  the  head 
of  Plane  No.  2  of  the  Loaded  Track,  where  the  Big  Pittston  Coal  is  mined  on  both  its  slopes. 
Passing  now  a  little  S.  of  Plane  No.  2,  and  a  few  hundred  feet  to  the  S.  of  Shaft  No.  1,  the  axis 
appears  distinctly  marked  in  a  well-developed  arch,  just  W.  of  the  Pittston  Brook,  where  the 
natural  exposure  of  the  strata  has  been  assisted  by  the  railroad-cuttings  for  the  Loaded  Track. 
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It  ranges  through  the  S,  brow  of  this  hill,  keeping  a  little  to  the  N.  of  the  Plank  Eoad,  and 
growing  somewhat  fainter  in  its  dips,  comes  out  on  the  canal  in  the  broad  gentle  arching  of  the 
strata,  there  visible  in  the  higher  portion  of  the  sandstone  cliffs. 

Strata  lifted  to  the  Surface  by  Axis  IX. — Lifting,  as  we  have  seen,  only  the  lower  Coal- 
measures  to  the  E.  of  Plane  No.  22,  this  anticlinal  in  its  declension  W.  allows  the  upper  Pittston 
coals  to  saddle  it  in  the  vicinity  of  Plane  No.  2.  Here,  at  a  distance  of  about  1000  feet  E. 
from  the  head  of  the  Plain,  the  outcrop  of  the  large  Pittston  Coal-seam  swings  over  the  arch  of 
the  anticlinal  ridge,  passing  through  a  depression  in  its  crest  from  the  S.  to  the  N.  flank. 
Further  W.,  at  a  considerable  distance,  but  concealed  by  a  deep  deposit  of  drift,  the  upper  Pitts- 
ton Coal,  or  Seven-feet  bed,  likewise  saddles  this  axis,  but  the  precise  position  of  this  turn, 
somewhere  S.  of  the  foot  of  Plane  No.  2,  is  not  ascertained.  In  the  natural  arch  W.  of  the 
Pittston  Brook  and  the  Loaded  Track,  the  large  Pittston  Coal-bed,  which  we  have  seen  outcropping 
so  near  the  head  of  Plane  No.  2,  is  here  20  feet  beneath  the  bed  of  the  stream,  and  not  accessible 
to  mining  except  by  machinery.  At  the  canal,  above  the  river -side,  the  small  overlying 
Eighteen-inch  seam  of  coal,  40  feet  higher  in  the  strata  than  the  large  bed,  just  lifts  itself  above 
the  level  of  the  tow-path  at  the  point  of  the  anticlinal,  very  soon  to  disappear  again  ;  and  here, 
therefore,  the  large  bed  itself  lies  on  the  back  of  the  anticlinal,  even  below  the  bed  of  the 
Susquehanna  River. 

Basin  9. — In  the  basin  included  between  this  last  and  the  previously-traced  anticlinal  axis, 
lie,  of  course,  the  lower  coals  in  the  vicinity  of  Mill  Brook,  and  further  to  the  "W.  the  upper 
Pittston  series,  basining  out  as  they  cross  the  Loaded  Track  about  1-^  miles  from  the  river.  But 
in  this  broad  synclinal  trough  are  included  either  three  or  four  subordinate  short  anticlinal 
flexures,  which  we  now  proceed  to  describe. 

Anticlinal  No.  IX.  a,  or  the  most  Southern  visible  on  Spring  Brook. — The  synclinal  belt  S.  of 
the  main  anticlinal  No.  VIII.  exhibits  on  Spring  Brook,  at  a  distance  of  about  1000  feet  from  that 
axis,  a  depressed  arching  of  the  strata,  the  last  flexure  in  our  progress  S.  to  be  detected,  until 
we  pass  the  conglomerate,  or  the  boundary  of  the  Coal-measures.  This  saddle  is  so  feeble  that 
its  South-dipping  portion  is  almost  flat.    It  may  be  discerned  on  both  sides  of  the  valley. 

Anticlinal  No.  IX.  b. — Coincident  in  position  and  direction  with  the  preceding  flexure,  or 
Axis  No.  IX.  A,  is  a  more  decided  arching  of  the  rocks,  visible  on  the  road  and  canal  one- fourth  of 
a  mile  N.  of  Pittston.  It  passes  the  river  road  close  to  the  spot  at  which  the  middle  road 
branches  ofi"  from  this,  or  just  S.  of  the  old  tavern. 

Though  the  identity  of  these  two  saddles  is  highly  probable,  we  are  unable,  in  the  present 
state  of  things,  to  trace  them  into  each  other,  and  it  is  therefore  most  convenient  to  give  them 
provisionaDy  separate  designations. 

The  Axis  No.  IX.  b  exposes  at  the  canal  the  rocks  which  immediately  overlie  the  upper  Pittston 
or  Seven-feet  seam  of  coal.  Even  here,  at  its  most  W.  visible  point,  this  flexure  is  extremely 
gentle,  its  steepest  dips  not  exceeding  a  very  few  degrees. 

Anticlinal  No.  IX.  c. — This  axis  shows  itself  in  the  canal-cutting  close  to  the  S.  end  of  the 
Pittston  Bridge,  displaying  on  the  N.  turn  of  the  arch  a  sudden  folding  of  the  strata,  with 
marks  of  dislocation.  It  lifts  to  a  small  height  above  the  level  of  the  canal  the  Pittston  Seven- 
feet  Coal,  which  otherwise  would  basin  here  deeper  under  the  town. 

Anticlinal  No.IX.  d. — A  fourth  intermediate  axis  displays  itself  in  the  clifis  on  the  river-side. 
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on  the  edge  of  the  canal.  It  is  the  more  North-Eastern  and  feebler  of  the  two  flexures  there 
visible.  It  is  prolonged  through  the  hill,  bounded  by  these  cliffs,  ranging  a  few  hundred  feet  N.  of 
the  main  anticlinal,  of  which  it  may  be  considered  a  subordinate  wave  on  its  N.  flank,  and  passes 
a  httle  to  the  N.  of  Shaft  No.  1,  the  position  of  which  is  not  far  from  the  centre  of  the  basin 
embraced  between  the  greater  and  this  lesser  axis. 

Strata  lifted  by  it. — The  efiect  of  this  small  undulation  has  been  to  expand  the  width  of  the 
hill  in  which  it  lies,  and  to  spread  and  hold  up  the  breasts  of  coal  contained  between  the  river- 
side and  the  main  anticlinal. 

Anticlinal  No.  IX.  e. — Connected  with  the  great  leading  anticlinal  we  have  been  describing, 
is  another  subordinate  one,  lying  parallel  to  it  on  the  S.,  and,  like  the  last  small  one  mentioned, 
chiefly  visible  near  the  W.  end  of  the  anticlinal  belt.  It  shows  itself  S.  of  the  Plank  Road, 
except  near  the  canal,  where  the  axis  is  N.  of  this  line.  But  E.  of  the  arch  seen  on  the  Loaded 
Track  this  saddle  is  not  continuously  traceable,  but  seems  rather  to  be  marked  by  a  succession  of 
elongated  elliptical  upthrows.  This  line  of  elevation  will  pass  near  the  pond  adjoining  the 
Loaded  Tract. 

Anticlinal  No.  IX.  f.— Adjacent  to  the  same  anticlinal  at  its  W.  end,  but  several  hundred  feet 
to  the  S.  of  it,  there  occurs  another  short  saddle,  crossed  by  the  Empty  Track  not  far  to  the  N.  of 
the  head  of  Plane  No.  1 .    This  anticlinal  is  not  visible  for  more  than  a  third  of  a  mile. 

These,  and  perhaps  other  still  more  subordinate  flexures,  undulate  the  wide  Port-Griffith  Basin 
embraced  between  the  main  Pittston  anticlinal  and  the  important  leading  flexure  which  we  have 
next  to  trace.  In  this  comparatively  broad  basin  of  the  Port-Griffith  Mines  we  encounter  another 
line  of  anticlinal  uphfts,  which  either  is  a  continuous  axis  or  a  merely  linear  succession  of  elliptical 
upthrows,  ranging  from  a  httle  N.  of  the  Pennsylvania  Company's  Slope  No.  4  across  the  old 
stage  road  at  Schae3"er's,  and  passing  just  N.  of  the  Port-Griffith  Slope  No.  1  ;  it  is  probable, 
indeed,  that  this  anticlinal  commences  still  further  E.  in  the  meridian  of  Slope  No.  4,  for  such  at 
least  is  implied  in  the  sweep  which  the  outcrop  of  the  great  Pittston  bed  takes  in  this  vicinity. 
The  actual  basin  of  the  Port-Griffith  Eight-feet  Vein,  and  likewise  of  the  Pittston  Seven-feet,  from 
Schaefi"er's  eastward  at  least,  is  embraced  between  this  anticlinal  belt  and  the  larger  anticlinal 
range  which  next  succeeds  it  on  the  S.    To  this  latter  we  will  now  proceed. 

Axis  No.  X.,  or  that  of  Plainville. — The  anticlinal  wave  to  which  we  have  now  arrived  is 
apparently  not  a  single  axis,  but,  in  its  Western  part  at  least,  seems  double.  We  meet  mth  it 
first  in  the  vicinity  of  MiU  Brook,  encounter  it  again  in  clear  development  at  Yates's,  whose  farm- 
house is  seated  immediately  upon  the  back  of  the  saddle,  and  we  may  trace  it  thence  through  the 
crest  of  the  long  ridge  which  ranges  W.  from  his  place  as  far  at  least  as  Winter's  Lane  ;  here  we 
meet  with  indications  that  this  anticlinal  belt  includes  in  reality  two  axes,  the  main  one,  probably 
that  of  Yates's  House,  passing  onward  in  a  strictly  straight  line  close  to  Williams's  Store,  and  so 
out  to  the  Plank  Road,  a  fourth  of  a  mile  N.E.  of  the  Plank  Road  Hotel. 

Anticlinal  No.  X.  a. — Another  or  attendant  axis,  lying  some  700  feet  to  the  N.  of  the  main 
one,  seems  to  range  from  near  the  mouth  of  Winter's  Lane  along  the  crest  of  the  ridge  just  S.  of 
the  main  road  until  it  passes  almost  directly  by  the  Methodist  Meeting-house,  from  which  point, 
continuing  its  course,  it  ranges  through  lower  ground  till  it  shows  itself  distinctly  in  the  banks 
of  a  brook  at  the  intersection  of  this  with  Maxwell's  Railroad,  whence  it  is  prolonged  till  it  reaches 
the  canal  a  little  W.  of  the  crossing  of  this  by  the  Plank  Road.    This  main  anticlinal,  as  we  regard 
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it  passing  WiUiams's  Store,  is  accompanied  by  another  undulation  of  the  strata  not  200  feet  to 
the  N.  of  it,  the  position  of  which  is  almost  directly  under  his  house. 

Strata  Elevated. — Of  the  strata  lifted  by  this  anticlinal  along  the  E.  part  of  its  range,  we 
know  at  present  very  little,  except  that  they  must  consist  of  the  lower  Coal-measures.  To  the 
W.  of  Yates's,  however,  we  find  that  the  Main  Pittston  Seam  laps  over  this  anticlinal  arch  at  the 
E.  end  of  his  hill,  and  a  little  further  W.  is  itself  saddled  over  by  higher  strata — Yates's  Mine 
being  here  on  the  S.  slope  of  the  wave,  and  Stout's  Opening  on  the  N.  From  this  place  the  E. 
limit  along  this  belt  of  the  main  Pittston  Coal,  this  valuable  stratum,  traced  forward  to  the  W., 
keeps  under  cover  throughout  the  whole  broad  crest,  and  under  the  whole  N.  flank  of  the  ridge 
as  far  as  it  extends ;  nor  does  it  outcrop  on  the  S.  or  opposite  side  of  the  axis  until  it  is  undu- 
lated by  another  and  more  subordinate  anticlinal,  lying  some  800  feet  or  so  to  the  S.  of  the 
principal  one. 

The  elfect  of  the  principal  axis  of  this  anticlinal  belt  is,  as  we  have  seen,  to  lift  the  main 
Pittston  Seam  high  above  the  water-level  in  the  hill  W.  of  Yates's.  But  in  the  vicinity  of 
Williams's  Store,  estimated  to  be  some  2^  miles  from  this  point,  it  barely  brings  to  the  lower 
levels  of  the  country  the  coal  which  we  have  called  the  Pittston  Seven-feet  Seam,  the  place  of 
which  is  at  least  120  feet  higher  in  the  strata  than  the  main  seam  above  spoken  of  We  may 
infer  from  this,  that,  in  the  space  of  some  3  miles  from  Yates's  to  the  canal,  the  anticlinal  declines 
not  less  than  250  feet. 

Basin  No.  X.,  or  that  North  of  Axis  No.  X. — The  broad  basin  lying  to  the  N.  of  this  anti- 
clinal belt,  and  bounded  on  the  other  side  by  the  main  Pittston  Axis,  contains,  as  we  have  already 
seen,  several  subordinate  short  flexures.  These  occur  chiefly  in  the  N.  half  of  the  basin,  but  there 
is  a  very  feeble  one  which  merely  flattens,  but  does  not  reverse  the  dip,  passing  just  at  the  N,  base 
of  the  main  anticlinal  ridge,  and  to  the  S.  of  the  New  Shaft,  No.  5.  This  we  regard  as  the  feeble 
expression  of  the  anticlinal  which  we  have  traced  as  attendant  upon  the  main  one  lying  N.  of  it, 
and  passing  under  the  Methodist  Meeting-house.  As  in  all  the  other  basins,  this  N.  of  the  present 
anticlinal,  deepest  towards  the  AV.,  contains  there  its  highest  coals,  and  presents  a  succession 
rising  out  towards  the  E.  of  lower  and  lower  strata.  The  width  and  consequent  depth  of  this 
basin  is  such  that  it  embraces,  in  the  vicinity  of  Port-Grifiith,  even  a  small  synclinal  patch  of  a 
coal  found,  we  believe,  nowhere  further  E.  in  the  whole  coal-basin,  and  which  we  are  disposed  to 
identify  with  the  Nine-feet  Seam  of  the  mouth  of  Mill  Creek.  This  does  not,  however,  possess 
even  enough  coal  to  admit  of  its  being  mined.  The  next  subjacent  coal  of  workable  dimensions, 
the  Port-Grifiith  Eight-feet  bed,  basins  out  with  a  spoon-shaped  curve  only  a  few  hundred  feet  to 
the  E.  of  Slope  No.  1  ;  and  in  the  same  synclinal,  the  next  underlying  coal,  the  Five-feet  Twins 
(so-called),  or  Pittston  Seven-feet  bed,  have  their  final  Eastward  outcrop  just  a  little  to  the  E. 
the  lane  of  leading  S.E.  to  Yates's. 

Within  the  same  basin,  though  considerably  further  N.  than  the  synclinal  line  which  marks 
the  basinino;  out  of  the  Port-Griffith  Eight-feet  and  Pittston  Seven-feet  coals,  is  the  final  Eastward 
outcropping  of  the  main  Pittston  Seam.  This  is  in  that  N.  subdivision  of  the  chief  basin  which 
is  called  Butler's  Basin,  and  the  place  of  final  Eastward  outcropping,  or  the  termination  of  the 
trough  of  the  large  coal,  is  about  one-third  of  a  mile  to  the  E.,  or  rather  the  N.E.,  of  Butler's 
Tunnel  Mine. 

Within  this  special  basin  of  Butler's  Tunnel,  the  Pittston  Seven-feet  Seam,  here  a  higher  coal 
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by  about  70  feet  of  interval,  has  itself  a  basin-shaped  outcrop  of  much  more  limited  extent,  the 
E.  point  of  which  is  some  hundred  feet  to  the  W.  of  Butler's  Tunnel.  The  isolation  in  this  more 
Northern  basin  of  the  Seven-feet  Coal  from  the  other  already  mentioned  as  near  Yates's  Lane,  is 
due,  of  course,  to  the  interposition  of  an  anticlinal  flexure — that,  in  fact,  which  ranges  N.  of  Slope 
No.  4,  and  uplifts  the  same  Seven-feet  Coal  in  the  brook  at  Schaeffer's. 

Axis  No.  XL — S.  of  the  last-described  leading  anticlinal,  there  exists  another  at  a  distance 
of  about  800  feet.  This  is  first  seen  to  the  E.  in  the  country  W.  of  Mill  Brook,  and  we  have  it 
well  exposed  in  the  vicinity  of  Yates's,  where  it  forms  a  little  ridge  with  a  double  crest,  and  divides 
the  small  basin  of  Yates's  Coal  from  another  narrow  trough  of  the  same  bed  S.  of  it.  About 
half  a  mile  W.  of  Yates's  we  detect  this  saddle  arched  over  by  the  conglomeritic  sandstone  which 
underlies  at  some  distance  the  large  coal ;  and  though  we  meet  no  exposures  indicative  of  it  on 
Winter's  Lane,  from  the  obscurity  caused  by  drift,  yet  the  form  of  the  ground  there  implies  its 
presence ;  while  still  further  W.  on  the  lane  leading  back  from  near  the  Methodist  Meeting- 
house, conclusive  proofs  of  this  axis  are  discoverable.  Fiu^ther  to  the  W.,  we  discern  no  positive 
traces  of  it  either  on  the  lane  running  S.E.  from  Williams's  Store,  or  in  the  intervening  ground. 

Strata  Elevated. — The  effect  of  this  anticlinal  upon  the  Coal-measures  is  to  form,  with  the 
main  anticlinal  of  Yates's  Eidge,  a  basining  of  the  coal  on  the  S.  flank  of  the  principal  axis,  and 
it  is  at  the  E.  end  of  this  slanting  trough  that  Yates's  Mine  in  the  large  coal  is  situated. 

Basi7i  XIL — This  serves  to  insidate  the  narrow  trough  of  the  large  coal  to  the  S.  of  it, 
the  last  outcropping  of  which  in  that  direction  is  determined  by  the  general  rise  of  the  country, 
and  the  presence  of  decided  N.  dips  belonging  to  the  next  anticlinal.  The  E.  limit  of  this  most 
Southern  basin  of  the  coal  is  not  precisely  definable,  though  it  is  obvious,  from  the  rising  out  of 
of  the  little  valley  containing  it,  and  its  Westward  dip,  that  the  point  is  but  a  little  to  the  E.  of 
the  meridian  of  Yates  s  house.  It  is  this  S,  basin  which  includes  the  openings  belonging  to 
WeUs,  Armstrong,  and  Bennett. 

Axis  XIL,  w  that  of  Bennett's  Big  Coal. — The  anticlinal  which  next  succeeds  has  been  but 
imperfectly  determined  to  the  Eastward  of  Gardiner's  Creek.  It  is  that  which  produces  the 
N.  dip  of  the  final  outcrop  of  the  main  Pittston  Coal,  and,  in  virtue  of  this  fact,  it  possesses 
considerable  interest,  for  a  part  of  its  range  it  coincides  pretty  nearly  with  the  course  of  the 
back  road  N.  of  Gardiner's  Creek.  This  axis,  or  regular  flexure,  which  we  deem  it  to  be,  may  be 
seen  just  N.  of  the  extreme  Northern  bend  of  Gardiner's  Creek,  opposite  Venison  Hill,  lifting 
the  rocks  subjacent  to  the  great  coal-bed.  We  may  trace  it  thence,  in  the  topography  and  in 
the  dip  of  the  strata,  to  the  little  brook  which  passes  Maxwell's  Mines,  in^  the  bed  of  which 
stream  w^e  may  recognise  the  axis  lifting  a  smaU  coal,  which  lies  next  below  the  great  one.  A 
mile  and  a  quarter  to  the  Westward  this  flexure  may  be  still  detected  with  much  enfeebled 
dips  in  Carey's  Lane,  very  near  his  farmhouse  ;  and  we  have  the  plainest  indication  of  it,  even 
though  in  very  gentle  dips,  on  the  Plank  Road,  near  the  canal,  about  a  fourth  of  a  mile  above 
Wordin  and  Hale's  Colliery. 

Strata  Elevated. — Adverting  to  the  strata  lifted  by  this  axis,  it  is  important  to  remark,  that 
throughout  all  its  range  Westward,  from  its  origin  to  the  brook  at  Maxwell's,  it  is  nowhere 
saddled  by  the  main  Pittston  Coal,  or  any  of  the  upper  Coal-measures,  but  is  the  immediate 
barrier  which  confines  their  line  of  outcrop  in  extending  Southward ;  whereas  to  the  Westward 
of  that  brook,  the  declension  and  flattening  of  this  anticlinal  permits  the  productive  upper 
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measures  to  arch  across  it  at  Williams's  Lane,  and  place  their  outcrops  in  the  next  main  basin  to 
the  S.  of  it,  till  they  encounter  a  deflection  from  another  anticlinal,  across  which  they  pass  in 
similar  manner  to  reach  the  banks  of  Mill  Creek,  and  vanish  under  the  deep  covering  of  drift 
which  fills  the  valley  of  that  stream.  The  lowest  strata  elevated  in  the  arch  of  this  anticlinal, 
at  its  last  exhibition  on  the  line  of  the  Plank  Eoad,  are  those  immediately  beneath  the  Hollen- 
back  Twelve-feet  Coal-bed,  a  seam  which  we  are  disposed  to  place  at  an  interval  of  some  100  (?) 
feet  in  the  series  above  the  horizon  of  the  main  Pittston  Seam. 

Axis  XIII. — To  the  anticlinal  last  described  succeeds  another  of  considerable  importance. 
From  the  undeveloped  condition  of  the  country  E.  of  Gardiner's  Creek,  it  is  impossible  to  trace 
this  axis  in  that  quarter,  though  the  presence  there  of  a  saddle  in  its  general  line  of  bearing 
leads  to  the  inference  of  its  existence.  It  is  first  definitely  recognised  in  Venison  Hill,  and  in 
the  two  reaches  of  Gardiner's  Creek  which  enclose  this  elevated  knob.  Beyond  this  to  the 
Westward  the  saddle  shows  itself  on  Williams's  Lane  about  two-fifths  of  a  mile  N.W.  of  the 
point  where  the  lane  crosses  the  creek.  Here  an  axis,  directly  in  the  bearing  of  that  of 
Venison  Hill,  exists,  which  we  must  regard  as  the  same.  Topographical  features  and  anticlinal 
dips  indicate  it  about  a  third  of  a  mile  further  Westward,  and  we  meet  evidences  of  it  again 
in  the  vicinity  of  Wilcox's  Mine,  where  the  outcrop  of  the  large  coal-bed  gives  indeed  ample 
proof  of  its  presence  in  the  curving  sweep  which  that  seam  takes  Northward  and  then  North- 
eastward from  Mill  Creek.  We  detect  what  we  regard  as  the  same  axis  at  a  stage  further 
Westward  on  the  lane  leading  up  the  hill  near  Miner's  Mill.  The  place  of  this  saddle  is  well 
defined  again  on  the  Old  Wilkesbarre  and  Pittston  Eoad,  where  it  passes  very  near  the  dweUing- 
house  of  Charles  Miner  ;  thence  we  may  trace  it  down  to  the  Plank  Eoad  and  Canal,  where,  on 
the  bank  of  the  latter,  the  arch  is  well  exposed,  lifting  the  sandstone  strata  which  next  underlie 
Hollenback's  Twelve-feet  Coal-bed,  the  two  outcrops  of  which,  upon  opposite  dips,  serve  to 
establish  well  the  form  and  position  of  the  flexure. 

Strata  elevated  by  the  Anticlinal. — It  thus  appears  that  this  axis,  in  its  subsidence  AVest- 
ward,  after  permitting  the  main  Pittston  Coal  to  saddle  it  near  Wilcox's  Mine,  allows  the  higher, 
Hollenback  Seam,  to  arch  nearly  over  it  between  the  Stage  Eoad  and  the  Canal,  marking  a 
declension,  in  the  space  of  about  a  mile,  of  more  than  100  feet.  That  the  Hollenback  Twelve- 
feet  Coal  does  not  entirely  close  over  the  back  of  the  anticlinal  is  seen  in  the  fact  that  the  mine 
in  this  bed  on  its  N.  dip.  Eastward  from  the  Plank  Eoad,  proves  to  have  a  separate  outcrop  all 
the  way  to  the  Old  Stage  Eoad,  near  Mr  Charles  Miner's  barn. 

Basin  XIII. — Within  the  basin  included  between  this  leading  axis  and  the  one  preceding  it 
in  our  description,  there  occurs  an  unimportant  local  flexvu-e  visible  on  Williams's  Lane  some  600 
feet  to  the  Northward  of  the  axis  No.  XIII.  which  we  have  been  last  discussing.  We  have  been 
unable  to  detect  any  distinct  traces  of  the  presence  of  this  undulation  Westward  of  the  outcrop 
of  the  large  coal-seam,  but  are  disposed  to  impute  a  part  of  the  Northward  displacement  of  that 
outcrop  near  its  intersection  with  a  lane  leading  to  Mill  Creek,  to  the  gentle  lifting  of  the  Coal- 
measures  by  this  flexure. 

The  same  basin  N,  of  our  main  axis  insulates  a  trough  of  the  Hollenback  Twelve-feet  Coal, 
the  E.  termination  of  which  must  be  somewhere  S.  of  Spearing's  Tavern.  To  the  Westward  of 
this,  and  much  nearer  to  the  Plank  Eoad,  will  be  found  the  E.  end  of  the  much  smaller  included 
or  concentric  basin  of  the  next  higher  coal,  worked  by  Wordin  and  Hale,,  the  two  outcrops  of 
which  are  visible  at  their  mine  : — 
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Coal, 
Slate, 

Sound  coal, 
Slate-parting, 
Sound  coal  (blacksmith). 
Slate, 
Bony  coal, 

All  these  benches  but  the  lower  one  are  worked. 

The  Hollenback  Coal  crops  out  on  the  N.  side  of  the  basin  with  a  gentle  S.  dip  of  10°.  Here 
it  has  been  entered  by  a  drift. 

Axis  XIV.,  or  that  of  Miners  Mill — We  come  now  to  an  anticlinal,  the  most  Southern  of  the 
larger  ones  embraced  within  the  limits  of  the  Pittston  district,  as  I  have  defined  this,  disreeardino- 
the  township  boundaries.  This  axis,  lying  about  600  or  700  feet  to  the  S.  of  that  previously 
mentioned,  is  well  exhibited  from  the  river  to  the  main  road  ;  but  beyond  this  the  continuity  of 
exposures  is  so  much  interrupted  by  the  covering  of  drift  along  the  valley  of  Mill  Creek,  that 
we  discover  but  few  indications  of  it  till  we  approach  the  N.  side  of  Gardiner's  Creek  above  its 
mouth.  Here,  on  the  lane  leading  from  that  stream  to  WiUiams's  store,  and  some  800  feet  from 
the  creek,  we  find  a  regular  gentle  anticlinal,  which,  from  its  position,  we  cannot  but  refer  to 
the  axis  we  are  tracing.  Again,  in  the  prolongation  of  this  line  Eastward  through  Venison  Hill, 
and  still  further  to  the  main  bend  of  Gardiner's  Creek,  when  it  turns  from  a  N.  course  to  a  W. 
one,  we  discover  very  plain  evidences  of  the  same  axis.  That  it  extends  into  the  district  between 
Gardiner's  Creek  and  Mill  Brook  there  can  be  very  little  doubt,  but  its  identification  there  is  not 
at  present  practicable. 

St7^ata  elevated  by  Axis  XIV. — On  Gardiner's  Creek  this  antichnal,  which  is  the  second  N.  of 
Thomas's  sawonill,  lifts  out  to  the  surface  some  of  the  rather  higher  members  of  the  lower  coal 
series.  The  same  strata  appear  to  arch  it  in  the  ridge  N.  of  the  lower  reach  of  Gardiner's  Creek. 
But  where  this  anticlinal  passes  under  the  flats  of  Mill  Creek  in  the  vicinity  of  Miner's  Mill,  it 
must  be  manifestly  overlapped  by  the  main  Pittston  Coal,  or  the  lower  members  of  the  upper 
series,  and  from  this  point  forward  to  the  river  it  elevates  to  the  surface  higher  and  higher  Coal- 
measures,  the  uppermost  between  the  main  road  and  the  canal  being  the  6-feet  bed  overlying 
the  large  HoUenback  Seam,  and  the  fourth  in  descending  order  from  the  top  of  the  whole  coal 
series,  as  we  at  present  know  it  in  the  vicinity  of  the  mouth  of  Mill  Creek,  or  anywhere,  indeed, 
within  the  region.  The  point  of  this  anticlinal  is  well  exposed  at  low  water  on  the  shores  of  the 
Susquehanna. 

Axis  XV.,  or  that  S.  of  Gardiner's  Creeh. — The  next  anticlinal  which  we  may  include  within 
this  district  lies  chiefly  S.  of  Gardiner's  Creek.  It  is  that  seen  N.  of  Thomas's  sawmill,  some 
700  or  800  feet  from  it.  It  ranges  through  Johnson's  Cabin  Eidge  and  the  Southern  part  of 
Venison  Hill,  crosses  Gardiner's  Creek  in  the  lane  leading  thence  to  WiUiams's  Store,  about  1200 
feet  above  the  mouth  of  the  stream,  being  visible  in  the  brow  of  the  hill  ascending  Northward 
from  the  water.  The  gentle  N.  dip  which  we  find  on  the  Parson  or  Back  Road  just  N.  of 
its  intersection  with  Mill  Creek,  belongs  obviously  to  the  Northern  flank  of  this  axis ;  but 
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■further  AVestward  than  this  spot  we  are  prevented  from  following  it,  as  the  wide  plain  of  drift 
in  the  valley  of  Mill  Creek  effectually  conceals  the  strata.  No  trace  of  an  axis  corresponding  to 
this  one  has  been  noticed  anywhere  in  the  hill  N.  of  Mill  Creek,  or  the  mouth  of  Laurel  Run,  in 
the  prolongation  of  this  anticlinal,  and  we  are,  therefore,  compelled  to  infer  that  it  dies  away  in 
the  valley  of  Mill  Creek. 

Axis  XVI.,  or  that  of  the  New  Haven  Mine. — Succeeding  this  imperfectly  exposed  anticlinal, 
occurs  the  most  Southern  well-defined  axis  of  the  district.  It  is  that  which  is  so  well  exposed  on 
the  canal,  about  one-half  of  a  mile  below  Wilkesbarre,  where  the  very  position  of  the  turn  of  the 
dip  may  be  detected,  and  its  place  identified  with  the  little  ravine  which  separates  the  two  first 
clifis  or  rock-cuttings  of  the  S.  bank  of  the  canal.  We  detect  its  place  again  just  S.  of  the  deep 
cut  in  the  Plank  Road  next  S.  of  Mill  Creek,  and  a  third  time  we  find  it  well  exposed  in  the 
knoll  of  the  hill  on  which  is  seated  the  School-house,  at  the  separation  of  the  Middle  and  the 
Mill  Creek  roads.  From  the  School-house  the  anticlinal  ranges  to  near  the  mouth  of  Laurel 
Run,  beyond  which  it  is  lost  for  a  space  under  the  sheet  of  drift  which  fills  the  valley  between 
Laurel  Run  and  Mill  Creek.  Traces  of  this  axis  reappear  again  in  the  topography  on  the  Parson 
Road,  and  we  have  a  flexure  which  we  regard  as  it,  beautifully  developed,  much  further  E.,  at 
what  is  called  the  New  Haven  Coal-opening  on  Mill  Creek,  near  the  mouth  of  Cold  Brook. 
Further  Eastward  than  this  last-named  exposure  this  anticlinal  has  not  been  traced. 


C'lal 

Fig.  278. — Section  at  the  Canal  below  the  mouth  of  Mill  Creek  near  Wilkesbarre,  at  the  anticlinal  flexure  No.  XVI. 


Of  the  Strata  lifted  by  Axis  XVL — It  is  impossible  specifically  to  identify  the  particular 
Coal-measures  elevated  by  this  anticlinal  to  the  surface,  throughout  all  its  Eastern  range.  We  feel 
assured,  however,  that  the  coal-bed  which  so  regularly  arches  the  axis  on  Mill  Creek  at  the  New 
Haven  digging  is  a  member  of  the  lower  Coal-measures,  but  almost  certainly  a  higher  stratum 
than  the  great  Baltimore  bed.  At  the  Schoolhouse  Hill  on  the  Old  Stage  Road,  this  anticlinal 
just  exposes,  in  divided  outcrops,  the  second  coal-seam  of  the  upper  series,  with  a  small 
depth  of  the  next  subjacent  strata.  On  the  Plank  Road  it  barely  elevates  the  same  second 
coal  and  its  fireclays  to  the  surface.  On  the  bank  of  the  canal,  on  the  other  hand,  in  conse- 
quence of  a  deeper  denudation  at  the  axis,  the  next  lower  or  third  coal  descending  is  just 
exposed  on  the  back  of  the  arch  at  the  water-level  of  the  canal.  The  declension  Westward  of 
this  anticlinal  would  thus  appear  to  be  extremely  gentle. 

Basin  XVI. — The  basin  or  trough  enclosed  between  the  flexure  we  have  just  been  tracing,  and 
that  of  the  vicinity  of  Miner's  Mill,  or  the  first  one  N.  of  the  mouth  of  Mill  Creek,  has  its 
synclinal  line  very  near  the  intersection  of  the  Old  Stage  Road  and  MiU  Creek.  Indeed,  the 
lower  reach  of  this  stream  lies  but  a  little  N.  of  this  deepest  line  of  the  trough.  Within  this 
trough,  from  the  river  to  that  part  of  Mill  Creek  extending  from  the  mouth  of  Laurel  Rim  to 
Miner's  Mill,  we  have  the  uppermost  or  Wilkesbarre  coal  series  exposed  on  both  their  N.  and  S. 
outcrops,  as  any  one  may  easily  discern  who  will  closely  inspect  the  strata  intersected  by  the  canal, 
or  by  the  Plank  Road,  or  by  the  old  road  leading  to  Pittston.  These  coals  are  the  first  and  second 
descending,  and  on  the  N.  side  of  the  basin  of  the  Plank  Road  the  third  or  9-feet  seam  is  visible 
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likewise  on  the  river-side  immediately  N.  of  the  aqueduct  which  spans  the  mouth  of  Mill 
Creek. 

Basin  XVII. — South  of  the  anticlinal  belt  which  we  have  last  been  tracing,  there  is  a  broad 
belt  extending  in  length  the  whole  distance  from  Wilkesbarre  eastward  to  the  upper  part  of 
MiU  Creek,  remarkable  for  the  paucity  of  exposures  of  the  strata,  and  for  the  consequent  obscurity 
which  rests  upon  it  as  regards  its  geological  structure.  Separating  as  it  does  the  Pittston  and 
lower  Mill  Creek  Coal-measures  from  those  exposed  S.  of  Wilkesbarre,  it  cuts  us  off  effectually, 
for  the  present,  in  every  effort  we  may  make  to  connect  and  relate  the  lower  series  of  coal-rocks 
and  coal-beds  embraced  between  the  conglomerate  of  the  Southern  margin  of  the  valley,  and 
this  belt,  with  those  upper  members  lying  on  the  other  side  of  the  anticlinal,  and  which  extend 
from  it  to  the  river  and  the  Lackawanna.  Nevertheless,  we  do  not  despair  of  linking  together 
the  two  groups  at  some  future  day,  when  the  middle  parts  of  the  formation,  cut  by  the  waters  of 
Gardiner's  Creek  and  Mill  Creek,  shall  have  been  developed  by  systematic  mining.  Within  this 
obscure  tract  there  are  all  the  topographical  indications  of  a  flat  anticlinal  in  the  vale  E.  of 
Wilkesbarre.  The  position  we  would  assign  to  it  is  the  rounded  summit  of  the  very  regular  low 
ridge  passing  through  the  farm  of  Judge  Conyngham,  If  the  strata  whose  outcrops  are  con- 
cealed under  the  smooth  fields  and  meadows  of  this  valley  were  once  exposed,  by  either  a 
systematic  line  of  trial-shafts,  or  by  one  or  more  deep  borings  judiciously  located,  the  whole 
problem  of  the  relations  of  the  upper  to  the  lower  coal  series  of  the  Wyoming  coal-basin  might  be 
readily  solved,  and  some  very  important  practical  questions — that,  for  example,  of  the  depth  of 
the  Baltimore  coal-bed  under  the  town  of  Wilkesbarre — satisfactorily  answered, 

WOEKS  OF  THE  PENNSYLVANIA  COAL  COMPANY  AT  PITTSTON. 

1.  Shaft  No.  4. — This  shaft  is  immediately  S.  of  the  Pennsylvania  Company's  office  ;  it  has 
a  depth  of  ]  00  feet.  The  coal  was  reached  76  feet  below  the  surface ;  it  is  in  Basin  IX.,  the 
strata  dipping  gently  N.,  though  there  is  said  to  be  a  small  roll  in  the  rocks. 

2.  Shaft  No.  3  is  about  200  feet  S.E.  of  No.  4,  and  in  the  same  ravine  ;  it  is  sunk  98  feet  to 
the  14-feet  Pittston  vein  (which  lies  in  four  benches,  and  contains  from  12  to  13  feet  of  good 
coal).  The  dip  is  gently  to  the  N.  The  crop  of  this  vein  on  N.  dip  is  not  far  S.  of  the  head  of 
this  shaft,  which  is  in  Basin  IX. 

3.  Back  from  Shaft  No.  3  are  the  mouths  of  two  sand-tunnels  immediately  side  by  side.  The 
Easternmost  of  these  goes  in  under  the  hill  which  lies  to  the  E.  of  it,  into  the  Big  Vein.  The 
other  (the  Grand  Tunnel)  is  without  breast,  being  covered  to  prevent  the  ingress  of  sand.  It 
foUows  the  ravine  (having  on  its  course  one  or  two  shafts  sunk  upon  it  to  procure  sand)  back 
as  far  as  the  slope  now  in  operation.  Before  reaching  the  slope,  from  which  it  is  designed  to 
carry  the  coal,  it  goes  through  blue  sandstone. 

4.  The  Slope  is  rather  gently  but  variably  South-dipping,  say  from  10°  to  15°  for  600  feet, 
when  it  meets  a  basin ;  its  end  at  750  feet  is  gently  North-dipping.  There  is,  therefore,  an 
anticlinal  between  Shaft  No.  3  and  this  slope,  and  a  synclinal  in  the  slope.  All  the  mining 
operations  of  the  Company  are  regarded  as  being  on  the  same  vein  (the  14-feet  coal).  N.  of  the 
slope  about  50  feet,  a  shaft  is  sunk  for  the  purpose  merely  of  raising  the  rock  cut  in  the  Grand 
Tunnel,  now  being  driven  to  the  coal. 
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5.  Shaft  No.  2  is  down  87  feet  ;  it  may  be  seen  in  the  next  transverse  ra\dne  S.W.  of  that 
in  which  Nos.  3  and  4  are  situated,  about  half  a  mile  S.  of  the  Plank  Eoad.  The  coal  (the 
14-feet  vein)  is  said  to  have  a  gentle  N.  dip,  the  shaft  being  within  100  feet  S.  of  the  middle  of 
the  basin. 

6.  Shaft  No.  1  is  situated  in  the  mouth  of  the  ravine  on  the  S.  side  of  the  Plank  Eoad. 
It  is  sunk  101  feet  to  the  coal,  which  dips  gently  S.  Behind  the  shaft,  in  the  bed  of  the  creek, 
are  S.  dips  in  flaggy  sandstone.    This  shaft  is  near  the  middle  of  the  small  basin  N.  of  Axis  IX. 

Between  shafts  No.  1  and  2  and  about  1000  feet  N.  of  No.  2,  the  No.  2  shaft  coal  rises  to 
the  surface,  where  it  has  been  proved  on  a  S.  dip ;  N.  of  this  the  coal  disappears,  and  no  N. 
dips  have  been  found  at  this  locality.  In  working  S.  from  the  foot  of  No.  1,  the  coal-bed,  in  a 
basin,  comes  to  an  abrupt  break,  from  which  it  entirely  disappears,  and  its  place  is  occupied  by 
sand  and  drift.  It  has  evidently  been  torn  away  by  drift,  for  buried  up  in  the  sand  are  found 
boulders  of  coal,  bearing  evident  traces  of  the  transporting  action  of  water. 

7.  At  the  upper  end  of  the  ravine  are  several  drifts,  on  what  is  regarded  by  the  Company  as 
the  final  outcrop  of  the  Big  Vein.  This  outcrop  is  traceable  Eastward  to  Butler's,  and  half  a 
mile  Westward  to  the  slopes  of  the  Company. 

There  is  apparently  a  gentle  basin  near  the  trestle  of  the  inclined  plane  over  the  Plank  Eoad 
N.E.  of  Pittston,  or  rather  a  flattening  and  slight  turn  from  the  N.  dip  at  the  ]\Iill. 

The  1.9^  Pitiston  Anticlinal  Axis,  or  Axis  IX.  c  of  the  Map,  is  at  the  Mill ;  it  lifts  the  7-feet 
coal  (so  called),  or  true  5-feet  bed,  to  above  the  level  of  the  canal  about  30  feet  in  the  ra\dne. 

The  2cZ  Anticlinal,  or  Axis  VIII.,  comes  to  the  Plank  Eoad  opposite  the  Foundry.  There 
is  an  intermediate  roll  at  the  Old  Tavern,  which  does  not,  however,  lift  the  5-feet  coal  to  the 
surface,  though  the  2d  Axis  does  so  just  N.  of  the  brook  :  it  is  that  of  the  fault. 

The  3cZ  Axis,  or  Anticlinal  VII.  of  the  Map,  is  the  axis  of  the  Barnum  Mine  ;  it  comes  to  the 
Plank  Eoad  between  Pierce's  and  Schooley's  mines. 

The  ith  Axis,  or  VIT.  a,  is  a  gentle  roll,  afiecting  the  Schooley's  and  Benedict's  mines  ;  it 
is  not  seen  on  the  Back  Eoad. 

The  line  of  outcrop  of  the  Big  Pittston  Coal,  on  the  N.  side  of  the  main  Pittston  axis,  after 
crossing  the  ridge  of  Plane  No.  2,  sweeps  down  the  side  of  the  hill,  and,  taking  the  ravine  of  a 
small  brook,  crosses  the  Loaded  Track  quite  obliquely.  The  7-feet,  or  true  5-feet  coal  has  its 
outcrop  a  quarter  of  a  mile  to  the  W.  of  the  large  brook  crossing  the  railroad  in  a  similar  manner. 

The  two  coals  basin  in  this  synclinal  trough  of  the  Empty  Track  about  opposite  Barnum's 
Mine  on  the  Back  Road. 

On  the  N.  rise  the  strata  take  a  sudden  upthrow  by  a  fault,  to  the  extent,  it  is  said,  of  50  or 
60  feet,  lifting  the  5-feet  coals,  which  are  on  the  side  of  the  ridge,  in  a  flattish  N.  dip.  This 
fault  is  probably  a  part  of  the  axis  of  this  ridge,  which  is  the  same  anticlinal  which  reaches  the 
Plank  Eoad  at  the  Foundry.  Basining  again,  the  coals  spread  once  more  further  E.  in  the 
narrower  and  flatter  trough  between  this  dislocated  axis  and  the  Barnum  axis. 

This  Barnum  axis  is  No.  3  of  the  Plank  Eoad,  or  No.  VII.  of  the  Map,  bringing  the  7-feet 
coal  and  the  5-feet  coal  to  the  surface  on  the  Back  Eoad  at  Barnum's  Mine,  where  it  has  been 
opened  near  the  saddle  on  a  gentle  N.  dip. 

The  5-feet  coal  comes  out  near  the  Plank  Eoad  on  both  dips  ;  it  was  at  one  time  mined 
upon  the  S.  dip,  nearly  in  the  basin,  by  Pierce,  and  on  the  N.  dip  in  the  next  basin  by  Schooley. 
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N.  of  this  3d  axis,  or  No.  VII.,  there  is  no  flexure  of  much  force,  and  only  two  are  visible  between 
it  and  the  Lackawanna.  The  more  Southern  of  these  is  that  just  S.  of  Benedict's  Mine,  or  a 
httle  S.  of  the  Catholic  chapel.  The  other,  or  N.  one,  merely  lifts  Morgan's  7-feet  or  5-feet  coal 
to  a  sufficient  level  above  the  canal  to  allow  him  to  mine  it. 

The  axis  of  Morgan's  JNIine  is  traceable  at  the  bridges  on  Mill  Brook  and  Spring  Brook  on 
the  Old  Back  Road. 

These  axes,  the  3d  inclusive,  must  determine  the  course  of  the  Big  Coal  beyond  where  we 
see  its  outcrop,  and  I  doubt  not  its  range  is  no  longer  Northward,  but  North-eastward,  or  still 
more  Eastward. 

In  aU  this  quarter  the  14-feet  coal  is  reduced  to  about  8  feet  in  thickness.  May  it  not 
therefore  be  one  of  the  coals  near  the  Lackawanna  in  the  vicinity  of  Drake's,  its  identity  being 
lost  to  observation  1 

New  Mines  of  the  Pennsylvania  Coal  Company. — This  Company's  new  shaft,  No.  5,  on  the  S.  edge  of  Basin 
X.  (see  Map),  is  now  sunk  to  the  Big  Pittston  Coal.  Its  depth  is  about  300  feet  to  the  bottom  of  the  coal-bed. 
The  Shaft  No.  6,  further  N.  and  down  the  hill,  is  about  400  feet  deep  to  the  same  main  coal-seam. 

Slope  No.  2,  near  Port  Griffith,  has  a  perpendicular  depth  of  415  feet.  Wlien  it  reaches  the  bottom  of  the 
basin,  and  can  di-ain  it,  the  whole  coUiery  will  be  in  a  very  fine  condition.  An  inclined  plane  will  let  down  the 
coal  from  Shaft  No.  5  at  the  road  to  the  level  of  No.  6. 

Shaft  No.  5  is  10  feet  wide  by  16  feet  long.  The  average  cost  of  such  a  shaft  in  the  harder  sandstone  rocks 
is  about  95  doUars  per  yard,  and  65  dollars  per  yard  for  the  softer  slates,  &c. 

Shaft  No.  7  is  in  the  ravine  of  the  stream,  and  600  feet  S.  of  the  intersection  of  the  road  and  the  anticlinal 
axis  ;  it  is  not  deep,  is  9 J  feet  wide  by  17|  long,  and  cuts  a  small  coal  very  near  its  mouth,  but  at  the 
date  of  our  observations  (1854)  had  not  yet  reached  the  other  upper  coal-beds  exposed  at  the  anticHnal  axis  on 
the  road.    This  shaft  is  intended  to  meet  the  large  coal-bed. 

Po7i,  Griffith. — The  Port  Griffith  section  borings  were  confirmed  by  outside  observations. 

Feet. 

Port  Griffith  Coal,    .......  7 

SmaU  pebbly  sandstone,      .....  .30 

Coal,       .  .......  3 

There  are  the  remains  of  a  large  coal  above  the  Port  Griffith  7-feet  coal,  at  Port  Griffith. 
The  Port  Griffith  7-feet  coal  probably  does  not  reach  1000  feet  E.  of  the  Port  Griffith  slope. 
It  seems  to  be  merely  the  end  of  the  basin  or  spoon.    There  are  three  gangways  running  round 


Fig.  279. — Section,  Port  Griffith  Slopes  and  Borings,  from  Pennsylvania  Company's  draught. 


it.  The  bottom  of  the  slope  runs  into  the  bottom  of  the  basin ;  the  top  of  it  is  to  the  N.  of  the 
synclinal  line. 
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Port  Griffith  Slope  No.  2  was  sunk  to  meet  the  1 4-feet  coal  in  its  large  basin.  It  beoins  in 
the  rocks,  and  cuts  the  double  5-feet  coal,  and  reaches  the  1 4-feet  coal  just  at  its  anticlinal  axis. 
It  continues  in  it  a  short  distance,  when  this  1 4-feet  coal  dips  down  steeply  out  of  the  line  of  the 
slope. 

The  small  coal  in  the  stream  N.  of  Shaft  No.  6  is  above  the  pebbly  rock,  and  about  50  feet 
above  the  small  coal  40  feet  down  in  the  shaft. 


COAL-MINES  TEACED  FROM  WILCOX'S  N.E.  TOWARDS  PITTSTON. 
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Fig.  280.— MaxweU's  Coal. 


At  the  AVilcox  Mine  on  Mill  Creek  the  dip  is  S.  20°  W.,  and  this  dip  is  seen  at  several 
exposures  on  the  creek  until  we  get  below  Miner's  MiU. 

The  upper  and  lower  beds  were  traced  forward  to  Maxwell's,  who  was 
working  the  upper  bed.  The  smaU  coal  which  he  reached  in  the  tunnel  is 
the  small  coal  between  the  two  main  seams. 

From  Maxwell's  we  traced  the  outcroppings  of  the  benches  to  the  opening 
and  boring  on  Isaac  Wilcox's  land,  thence  to  the  Ben  Swallow  place  at  the  foot 
of  the  orchard  S.  of  the  house.  Near  this  we  found  the  same  lower  bed  entering  the  hiU  S.  of 
the  valley,  and  rising  through  the  hill  on  its  N.  dip,  to  crop  out  again  at  Bennett's  JNIine. 

Here  the  upper  bed,  still  capped  by  the  conglomeritic  sandstone,  has  been  opened,  but  the 
state  of  it  could  not  be  ascertained  :  it  is  evidently  thinner  than  the  lower 
bed.  At  this  place  the  strata  (fissile  sandstone  and  sandy  shale)  are  not  less 
than  70  or  80  feet  thick. 

This  lower  bed  of  Bennett's  Opening  is  1 4  feet  thick,  and  contains  excel- 
lent coal.  Even  at  WiUiams's  the  dividing  measures  are  thicker  than  at  Wil- 
cox's Mine.  Near  Miner's  Mill  and  at  Maxwell's  they  are  somewhat  thicker 
and  still  more  sandy,  and  so  they  increase  in  coarseness  and  thickness  aD  the 
way  to  the  vicinity  of  Yates's,  in  the  Pittston  Section. 

The  overlying  material  is  a  thinly-bedded  grey  micaceous  sandstone,  and 
immediately  over  the  coal  lies  a  sandy  plate.    It  grows  thicker  and  coarser  as 
we  go  Eastward ;  and  from  the  Plainsville  Lane  a  conglomeritic  character 
begins,  which  forms  thence  Eastward  quite  a  prominent  ridge,  from  the  hardness  imparted  by 
the  coarseness  of  the  pebbles. 

Approaching  Yates's,  and  on  Taggart's  and  Priestley's  place,  just  N.  of  the  valley  of  the  out- 
crop of  the  coal,  a  new  feature  is  displayed  in  the  introduction  of  an  anticlinal  axis  (No.  XL), 
which,  between  Bennett's  outcrop  and  Yates's  south-dipping  portion  of  the  same  bed,  forms  a 
distinct  basin  of  this  great  coal-seam  or  seams.  Opposite  Yates's  there  would  appear  to  be,  in 
fact,  two  saddles,  one  (Axis  X)  at  his  house,  forming  the  S.  dip  of  his  coal-mine,  and  another  in 
a  small  ridge  to  the  S.  of  the  mine. 

This  saddle  X  is  seen  at  the  S.  edge  of  the  wood,  on  the  Priestley  and  Taggart  land,  lifting 
the  conglomeritic  sandstone,  the  same  as  at  Yates's  house,  above  the  level  of  the  meadow.  Thus 
the  Maxwell,  Bennett  and  Wells,  and  Armstrong  openings,  are  on  the  S.  side  of  one  basin,  and 
the  Yates  Mine  is  in  the  basin  next  to  the  N. 

This  small  dividing  saddle  is  probably  that  which  passes  N.  of  MaxweU's  Mine,  while  that  of 


Fig.  281.— Wilcox  Coal 
Miner's  Mill. 
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Yates's  house  must  be  the  more  conspicuous  one  on  the  main  road.  The  small  saddle  S.  of 
Yates's  lifts  the  Little  Coal  to  the  surface  just  at  the  axis,  while  the  larger  one  lifts  only  the 
overlying  conglomeritic  sandstone  at  his  quarry. 

The  main  outcrop  of  the  Wilcox  Coal,  going  Eastward,  swings  from  a  N.E.  to  an  E.  course 
at  Maxwell's  house,  showing  the  breadth  and  declension  Westward  of  the  wide  anticlinal,  on  the 
N.  flank  of  which  it  reposes. 

The  upper  bench  of  coal  over  the  main  lower  coal  of  the  Wilcox  and  Bennett's  outcrop, 
seems  to  have  left  this  latter  by  a  wide  interval  when  we  get  as  far  as  Armstrong's  Mine. 

The  Large  or  14-feet  Coal  in  the  basin  N.  of  Yates's  small  anticlinal  does  not  extend  far  to 
the  E.  of  Yates's  land,  for  it  is  there  opened  on  the  outcrop  on  the  S.  side  of  its  basin,  where 
this  is  quite  narrow.  From  the  slope  of  the  Little  Valley  it  is  plain  that  the  Little  Coal  soon 
lifts  itself  out  Eastward,  turning  its  line  of  outcrop  like  the  lip  of  a  spoon  round  the  bowl. 

On  the  lane  from  Yates's  out  to  the  main  road,  we  soon  meet  gentle  S.  dips,  making  a 
flattish  basin  on  the  N.  side  of  Yates's  main  axis.  Nearer  the  E.  end  of  the  basin,  the  Upper 
Coal — the  Wilcox  Twins,  a  bed  of  Pittston  Coal  7  feet  thick,  dipping  W.  under  the  conglomeritic 
sandstone — is  identical  in  aspect  with  that  which  caps  the  upper  Wilcox  Coal  from  the  Plains- 
ville  or  Williams's  Lane  to  Yates's.  A  little  nearer  the  main  road  we  cross  the  broad  flattish 
saddle  exposed  in  S.W.  and  W.  dips  rounding  this  same  capping  rock. 

On  the  main  road  at  Schaeffer's  the  axis  is  finely  intersected  in  the  ravine  of  a  brook,  and 
lifts  a  coal,  the  upper  of  the  5-feet  coals  or  Twins  ("?)  to  the  level  of  the  brook,  exposing  5  feet  of 
coal  overlaid  by  flaggy  sandstone  5  feet  thick,  and  the  pebbly  rock  20  feet  more. 

A  little  W.  of  Schaefier's  Mill  is  a  synclinal  ridge  on  the  road,  which  exposes  both  dips  of  the 
next  higher  conglomeritic  sandstone,  and  then  a  long  succession  of  N.  dips  brings  up  the  lower 
conglomeritic  sandstone  capping  the  7-feet  bed  near  the  new  shaft  of  the  Pennsylvania  Company. 
This  conglomerate  crosses  the  road  E.  of  Squire  Winter's. 

At  Cooper  Farman's  opening  there  is  a  coal  said  to  be  the  7-feet  bed. 

At  Enough  and  Tulla  the  5-feet  Coal  seems  to  be  in  one  bed,  and  it  is  8  feet  thick  ;  while 
at  Barnum's  the  1 4-feet  seam  is  reduced  to  1 0  feet  of  good  coal. 

We  traced  the  outcrop  of  the  Big  Coal  and  the  5-feet  Coal,  beginning  where  the  outcrop 
crosses  the  Loaded  Track.  The  coal  seen  in  the  brook  dips  to  the  N.  15°,  W.  15°.  It  is  said  to 
be  in  all  this  E.  district  not  more  than  8  feet  thick,  having  lost  its  lower  tier,  or  the  two  lower 
tiers  having  thinned  down ;  while  in  this  region  the  5-feet  or  7-feet  Coal  has  7  feet  or  even  more 
of  good  coal  in  it. 

Plainsville. — At  Mr  Swallow's  house  there  is  a  coal  5  feet  thick,  with  a  N.  dip,  which  was 
thought  by  Mr^Villiams  to  be  the  same  which  was  mined  near  his  store  at  the  end  of  the  lane 
at  Plainsville.  The  same  coal  crops  out  on  the  road  between  his  house  and  the  Methodist  Meet- 
ing-house, 70  feet  S.E.  of  Mr  Swallow's  barn  ;  he  bored  80  feet  through  a  slate  rock,  and  reached 
a  7-feet  coal  :  he  did  not  go  through  the  coal,  and  which  coal-seam  it  is  cannot  be  known. 

There  is  a  well-marked  anticlinal  passing  under  the  Methodist  Meeting-house  on  the  Main 
Road.    It  bears  S.  75°  W.,  and  ranges  for  the  saddle  seen  in  the  brook  on  Maxwell's  Railroad. 

There  are  two  anticlinals  between  this  and  Maxwell's  Coal — one  at  Williams's  house,  and  one 
S.  of  it,  seen  about  200  feet  S.  of  Williams's  store. 


CHAPTER  V. 


WILKESBAERE,  NANTICOKE,  AND  SHICKSHINNY  DISTRICT. 

Between  Laurel  Eiin,  or  Mill  Creek,  and  the  W.  end  of  the  coal-field  at  Sbickshinny,  the 
whole  district  S.  of  the  Susquehanna  constitutes  one  natural  division  of  the  Wyoming  Basin, 
which  may  be  appropriately  designated  as  the  Wilkesbarre,  Nanticoke,  and  Shickshinny  district. 

It  is  remarkable  for  the  great  length  and  general  paralleUsm  of  its  included  anticlinal  and 
synclinal  flexures ;  two  or  three  extend  almost  continuously  throughout  its  whole  length,  rendering 
it  inconvenient  for  us  to  subdivide  it,  as  we  should,  but  for  this,  into  an  Eastern  and  Western 
sub-district.  The  anticlinals  of  this  portion  of  the  coal-field  are  ajjproximately  parallel  with  the  S. 
boundary  or  outcrop  of  the  general  coal-basin,  which,  from  Solomon's  Gap  to  its  intersection  by  the 
Susquehanna  Eiver  below  Shickshinny,  is  remarkably  straight.  Another  general  fact  connected 
with  the  anticHnals  and  included  basins  pertaining  to  this  district,  is  the  difierence  in  their 
general  direction,  comparing  them  with  those  of  the  Pittston  group.  We  have  already  seen  how 
these  latter  deviate  by  several  degrees  from  strict  parallelism  with  the  axis-lines  of  the  flexures  of 
the  Lackawanna,  and  we  may  now  notice  a  like  departure  to  a  direction  somewhat  more  E.  and  W. 
in  the  group  of  undulations  before  us.  The  average  difierence  in  range  by  compass  between  those 
of  the  Wilkesbarre  and  Nanticoke  district,  and  those  of  the  Pittston  region,  is  not  less  than  7°. 

Though  the  large  district  w^e  are  describing  includes  a  considerable  number  of  anticlinal  undu- 
lations, as  many  as  six  prominent  ones  on  an  average,  the  whole  district  may  be  more  conve- 
niently and  correctly  viewed  as  made  up  of  three  leading  troughs,  or  long  undulated  synclinal  belts 
or  basins,  and  two  principal  interposed  anticlinal  tracts.  The  most  Northern  of  these,  or  Basin 
XVIL  of  the  general  enumeration,  is  that  which  is  sometimes  called  the  River  Basin,  or  the  syn- 
clinal zone  which  contains  the  borough  of  Wilkesbarre  and  the  village  of  Nanticoke.  The  next  or 
middle  one.  No.  XVIIL,  is  the  long  synclinal  belt  or  basin  which  embraces  the  village  of  Newtown 
and  that  of  Newport  Centre  ;  while  the  third  or  Southern  general  basin,  or  No.  XIX.,  is  that  which 
lies  next  adjacent  to  the  foot  of  the  Little  Mountain,  the  S.  barrier  of  the  coal-field. 

We  shaU  now  proceed  to  a  more  detailed  description  of  these  several  basins,  viith.  the  subor- 
dinate anticlinal  undulations  which  they  contain,  and  to  that  of  the  anticUnal  belts  which 
divide  them. 

Synclinal  Belt,  or  General  Ba^in,  No.  XVIL — Observing  the  order  adopted  throughout  our 
description  of  this  coal-field,  or  that  w^hich  takes  us  S.  or  S.W.  across  the  vaUey,  but  Westward 
along  each  individual  anticlinal  and  synclinal  belt,  the  first  zone  which  ofiers  itself  for  detailed 
examination  is  that  of  Wilkesbarre  and  Nanticoke.  This  is  bounded  on  its  N.  by  the  anticlinal  No. 
XVI.,  separating  it  from  the  basin  of  MiU  Creek,  and  also  by  the  flats  of  the  Susquehanna  as  far  as 
the  Nanticoke  Notch,  beyond  which  the  River  Mountain  is  its  boundary.  Its  Southern  limit  is 
the  chain  of  anticlinals  called  No.  XVIL,  or  that  line  of  flexures  which,  bounding  the  mines  of 
the  Baltimore  Company  on  the  S.,  and  ranging  N.  of  NewtowTi,  passes  likewise  N.  of  Newport 
Centre,  and  thence  N,  of  the  middle  branch  of  the  Nanticoke  Creek. 
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Several  seemingly  independent  anticlinal  flexures,  at  least  six  in  number,  undulate  more  or 
less  the  strata  embraced  within  this  large  and  richly-stored  sub-basin  of  the  coal-field.  A  special 
definition  of  these,  and  of  their  efiects  upon  the  strata,  is  essential  to  a  full  understanding  of  the 
course  and  distribution  of  the  coal-seams  included  in  the  basin.  Commencing  at  its  E.  end,  the 
first  of  these,  as  far  as  they  are  at  present  known,  is — 

A  nticlinal  A  of  Basin  17. — This  is  the  obscurely-indicated  anticHnal  flexure  which  ranges 
centrally  along  the  little  valley  extending  from  Laurel  Euu  to  the  S.E.  corner  of  the  town-plot  of 
Wilkesbarre,  and  which  I  have  supposed  to  cross  Coal  Brook  a  few  hundred  feet  N.  of  the  Old 
Still-House  coal  opening,  and  to  range  through  the  summit  of  the  low  flat  ridge,  over  which  runs 
Judge  Conyngham's  Lane.  No  distinct  outcrop  of  the  strata  exists  to  prove  such  a  flexure,  though 
its  presence  is  strongly  indicated  in  all  the  features  of  the  surface,  and  in  the  fact  that  a  low  anti- 
clinal flexure  in  this  position  is  implied  by  the  great  breadth  of  North-dipping  strata  visible  both 
to  the  S.  and  to  the  N.  of  it,  implying  a  thicker  sequence  of  the  Coal-measures  than  on  the  hypo- 
thesis of  no  such  axis  we  know  to  prevail  within  this  neighbourhood.  It  is  not  possible  to  suggest, 
with  any  approach  to  certainty,  the  particular  part  of  the  Coal-measures  which  this  axis  brings 
out  to  the  surface  ;  but  as  a  hint,  it  may  be  useful  to  call  attention  to  the  possible  identity  of 
the  Still-House  Coal  of  Mr  Butler's  Meadow,  stated  to  be  10  feet  thick,  with  the  Hollenback  or 
10-feet  thick  bed,  next  over  the  large  Pittston  Seam.  It  is  upon  the  presence,  indeed,  of  a  bed 
of  this  alleged  thickness,  in  this  position,  that  I  rest  in  part  my  inference  of  the  existence  of  an 
anticlinal  undulation  running  along  the  valley  through  the  Butler  and  Conyngham  farms. 

Anticlinal  b  of  Basin  17. — A  little  to  the  S.  of  the  drift-covered  plain,  supporting  the  borough 
of  Wilkesbarre,  we  detect  the  first  well- developed  anticlinal  flexure  in  the  basin,  and  we  may 
trace  it  ranging  along  the  brow  of  the  hill  next  S.  and  S.W.  of  the  town.  Both  of  the  dips  of 
this  arch  are  to  be  seen  on  the  Eastou  Turnpike,  and  likewise  on  Market  Street,  where  it  leads 
up  the  hill.  At  these  intersections  it  is  about  1000  feet  S.E.  of  the  canal,  and  we  encounter  it 
again  at  nearly  the  same  distance  on  the  Tamaqua  Turnpike.  We  again  find  the  axis  on  the 
lane  running  Southward  from  the  Middle  Road,  from  a  little  W.  of  South  Wilkesbarre,  the  centre 
of  the  arch  a  little  more  depressed  and  feeble,  being  about  600  feet  S.E.  of  the  Whitehaven  Rail- 
road. The  flexure  disappears  to  the  W.  of  this  point,  under  the  superficial  materials  which  cover 
the  valley  of  Solomon's  Creek,  beyond  which  we  detect  no  traces  of  it.  Whether  this  gentle  flexure 
prolongs  itself  any  distance  to  the  Eastward  of  Wilkesbarre,  or  exists  there  in  any  greater  force 
than  as  a  mere  roll  discernible  only  in  mining,  is  very  doubtful.  To  the  N.  of  the  Baltimore 
Company's  Shaft  it  can  exert  but  a  trivial  efiect,  if  indeed  it  extends  itself  as  far  as  the  ravine 
of  Coal  Brook,  for  E.  of  this  we  meet  with  nothing  but  N.  dips  in  the  line  of  its  prolongation. 

Strata  elevated  hy  the  Anticlinal  ^  of  Basin  17. — This  anticlinal  elevates  to  the  surface  a  small 
coal-seam  on  the  roads  leading  S.E.  from  Wilkesbarre,  and  the  same  coal,  to  all  appearance,  is 
brought  by  it  to  the  day,  both  on  the  Tamaqua  Turnpike  and  on  the  lane  near  the  railroad.  The 
coal  of  the  two  latter  localities  is  certainly  that  which  has  been  mined  at  South  Wilkesbarre  at 
the  side  of  the  Whitehaven  Railroad,  in  the  basin  N.  of  the  anticlinal.  But  this  coal  is  evidently 
the  same  as  that  exposed  near  the  Powder  Mill  at  Quick's,  and  is  that  also  of  the  small  slope- 
mine  one-third  of  a  mile  further  W,  ;  and  it  is  the  same  in  all  probability  with  Siveley's  Coal, 
mined  on  the  N.  brow  of  the  next  large  hill  to  the  Westward,  where  the  outcrop  is  only  a  few 
himdred  feet  S.  of  the  crossing  of  the  River  Road  over  Solomon's  Creek. 
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In  our  compilation  of  tlie  Coal-measures,  commencing  with  the  conglomerate,  as  exposed  in 
the  Section  from  Solomon's  Gap  to  this  intersection  of  the  Creek  and  River  Road,  we  enumerate 
twelve  workable  coal-beds — the  seam  which  we  have  now  been  tracing,  being  next  to  the  upper- 
most, or  the  eleventh  from  the  bottom.  This  anticlinal  is  situated  only  a  few  hundred  feet  S.  of 
the  main  synclinal  line  of  the  River  Basin. 

Anticlinal  c  of  Basin  17. — The  next  anticlinal  of  Basin  17,  whose  position  is  to  be 
indicated,  is  one  of  apparently  limited  length,  situated  S.  of  the  River  Road,  in  the  vicinity  of 
the  Green,  or  the  Lutheran  Church.  The  axis  of  this  flexure  may  be  detected  on  the  lane  lead- 
ing S.E.  from  near  the  church,  at  the  distance  of  about  800  feet  from  the  River  Road.  The 
anticlinal  structure  at  this  point,  and  for  half  a  mile  Eastward  along  the  ridge  which  the  axis 
occupies,  is  distinctly  marked  in  the  features  of  the  ground  ;  its  position  is  but  a  few  hundred 
feet  to  the  N.  of  the  general  synclinal  axis  of  the  basin. 

An  outcrop  of  a  coal-seam  is  visible  near  this  anticlinal  axis,  and  is  obviously  one  of  the 
higher  beds  of  the  district,  possibly  the  Siveley  Coal  itself.  The  dips  on  the  flanks  of  this  axis 
are  all  gentle  ;  the  S.  ones,  which  are  the  most  considerable,  not  exceeding  30°. 

Anticlinal  D  of  Basin  1 7,  or  that  of  the  Luthern  Church  at  the  Green. — The  anticlinal  flexure 
now  before  us  first  shows  itself  on  the  River  Road,  or  a  little  S.  of  it,  near  Dilley's,  half  a  mile  E. 
of  the  Green,  being  indicated  on  the  road  by  a  very  gentle  Northward  dip  in  thin-bedded  sand- 
stones on  the  summit  of  the  hill.  From  this  point  it  ranges  S.  W.,  and  passes  almost  immediately 
under  the  Lutheran  Church,  where  the  flexure  is  still  a  gentle  one.  The  furthest  point  West- 
ward at  which  it  can  be  detected,  is  on  Steele's  Lane  leading  down  from  the  road  towards  the 
river,  where  the  N.  dip  does  not  exceed  5°. 

This  anticlinal  lifts  to  the  surface  the  Coal-measures  next  beneath  the  Siveley  Coal-bed :  but 
its  influence  as  a  subordinate  undulation  in  the  General  Basin  is  very  trivial. 

Anticlinal  e,  or  that  of  the  Nanticohe  Mill. — The  next  anticlinal  flexure  which  we  encounter 
in  the  River  Basin,  is  one  which  may  be  seen  rising  Westward  from  beneath  a  covering  of  drift 
gravel,  just  W.  of  the  Nanticoke  Creek  at  the  Nanticoke  Mill.  From  this  point  Westward,  its 
course,  for  a  short  distance,  nearly  coincides  with  that  of  the  N.  road  at  the  foot  of  the  River 
Mountain  ;  but  it  soon  leaves  the  road,  and  ranges  forward  for  2  miles,  as  a  depressed  undulation 
on  the  flank  of  the  mountain,  high  on  the  Southern  slope  of  which  it  loses  itself  in  an  indentation 
in  its  crest.  Throughout  its  course,  the  dips  belonging  to  this  flexure  are  gentle,  and  its  influ- 
ence therefore  in  undulating  the  coal  cannot  be  serious.  At  the  Mill,  the  N.  dip  is  only  1 0°,  while 
the  S.  dip,  as  shown  in  the  coal-beds,  outcropping  along  the  S.  bank  of  the  Nanticoke  Creek, 
amounts  to  about  30°.  At  the  intersection  of  this  axis  with  the  creek,  the  lowest  coal-seam 
2  lifted  to  the  surface  appears  to  be  the  third  in  the  series,  though  possibly  it 
2'  is  the  fourth  above  the  thick  lowermost  bed  of  the  basin,  or  that  called  Lee's, 
'  at  Nanticoke.  Still  higher  coals  dip  from  this  axis  Southward,  outcropping 
Fig.  2S2. -Lee's  Coal,        succcssiou  along  the  Nauticokc  Creek. 

w  side  of  Nanticoke  rpj^^  ^j^^  compositiou  of  Lcc's  valuablc  coal-bed  is  here  shown.  It  is 
extensively  mined  on  the  W.  side  of  the  river  at  Nanticoke.  The  coal  of  its  best  benches  is  in 
much  repute. 

Anticlinal  f  of  Basin  17,  or  that  N.  of  the  Gruver  Schoolhovse. — The  sixth  anticlinal,  and 
the  next  to  be  mentioned  in  the  River  Basin,  lies  between  the  preceding,  at  a  distance  of  about 
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1100  feet  from  it  and  Nanticoke  Creek.  It  originates  in  the  hill  next  N.  of  the  Creek,  and  at 
a  little  distance  W.  of  the  mouth  of  Lee's  Creek,  and  is  crossed  by  the  N.  road  of  the  basin 
about  1^  miles  W.  of  the  Nanticoke  Mill,  the  very  arch  of  the  axis  being  well  exposed  where 
the  road  descends  to  cross  a  small  brook.  From  this  point  it  ranges  forward  N.  of  the  Gruver 
Schoolhouse,  obliquely  ascending  the  flank  of  the  Eiver  Mountain,  until  we  lose  the  last  traces 
of  it  in  the  large  indentation  in  the  crest  of  the  mountain  through  which  the  road  passes  over 
from  the  Coalfield  to  the  Susquehanna  Eiver.  Like  the  preceding  axis  (axis  e),  the  flexure 
before  us  is  a  gentle  one,  its  N.  dips  especially  being  very  feeble.  Both  of  these  probably  merely 
flatten  the  South-dipping  strata  of  the  mountain  along  the  W.  half  of  their  course  ;  but  their 
influence,  nevertheless,  must  be  sufficient  to  give  a  wide  double  sweep  to  the  outcrops  of  the 
lower  Coal-beds,  especially  to  that  of  the  great  one  which  overlies  the  conglomerate. 

Anticlinal  g,  or  that  of  the  N.  Branch  of  Nanticoke  Creek. — The  last  axis  which  we  have  to 
specify  as  occurring  in  the  Eiver  Basin  belongs  to  its  Western  extremity,  or  the  valley  of  the 
N.  Branch  of  Nanticoke  Creek.  The  N.  and  S.  dips,  establishing  the  existence  of  this  flexure, 
are  to  be  seen  on  the  road  leading  from  Newport  Centre  to  the  Gruver  Schoolhouse.  The 
N.  Branch  of  Nanticoke  Creek  seems  to  flow  nearly  on  the  back  of  the  anticlinal  for  the  lowest 
mile  of  its  course.  Westward  from  this  the  axis  takes  the  hill  S.  of  the  road  which  leads  over 
the  mountain  to  the  river.  This  anticlinal  appears  to  be  accompanied  throughout  by  only 
gentle  dips. 

POSITION  OF  THE  MAIN  SYNCLINAL  AXIS  OF  THE  EIVEE- BASIN. 

A  subordinate  synclinal  trough,  the  most  North-eastern  of  the  basin,  ranges  from  the  junction 
of  Laurel  Eun  with  Mill  Creek  to  the  synclinal  hill  at  the  angle  of  the  Canal,  near  its  inter- 
section with  the  Plank  Eoad,  crossing  the  Plank  Eoad  obliquely  a  little  E.  of  the  town-plot  of 
Wilkesbarre.  This  basin  includes  perhaps  the  highest  Coal-measures  or  Coal-seams  anywhere  to 
be  met  with  in  the  Eiver  Basin  ;  the  upper  bed  on  the  Plank  Eoad  being  the  eighth  of  all 
dimensions,  great  and  small,  above  the  Wilcox  or  Pittston  large  seam,  and  the  fourth  or  fifth  of 
workable  size.    See  the  Section  southward  from  the  mouth  of  the  Mill  Creek. 

The  main  synclinal  axis  of  the  general  Eiver  Basin  is  not,  however,  the  one  above  described, 
which  vanishes,  or  is  at  least  cut  off  at  the  river  ;  but  it  is  a  much  longer  one,  first  discernible 
on  the  Susquehanna  and  Lehigh  Eailroad,  just  S.  of  South  Wilkesbarre,  and  traceable  thence 
across  Solomon  s  Creek,  and  across  Behe's  and  Butler's  creeks,  till  we  lose  it  S.  of  Nanticoke. 
The  synclinal  axis,  or  line  of  greatest  depression  of  the  basin,  crosses  Solomon's  Creek  only  a  few 
hundred  feet  S.  of  Quick's  house  on  the  Eiver  Eoad.  It  is  marked  by  a  depression  in  the  hills 
midway  between  Inman's  and  Siveley's  outcroppings  of  the  upper  coals,  and  passes  a  few  hundred 
feet  N,  of  Behe's  Pond,  and  about  as  far  S.  of  the  Eed  Tavern.  We  thence  trace  it  across 
Behe's  Creek  near  the  deep  boring,  and  through  the  synclinal  hill  next  S.  of  the  Eiver  Eoad. 
Westward  from  this  vicinity  the  keel-line  of  the  basin  is  less  distinctly  traceable ;  it  evidently 
approaches  the  S.  side  of  the  trough,  being  but  a  few  hundred  feet  N.  of  the  anticlinal 
boundary  of  the  basin.  Axis  No.  1 7,  on  the  farm  of  the  late  Solomon  Fairchild.  This  displace- 
ment Southward  is  the  consequence  of  a  widening  of  the  belt  of  gentle  S.  dip  in  the  neigh- 
bourhood S.  of  Nanticoke,  a  widening  which  is  due  to  the  dying  down  Eastward  of  some  of  the 
oblique  anticlinals  of  the  Eiver  Mountain  originating  N.  of  Nanticoke  Creek. 
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COAL-MEASURES  CONTAINED  IN  THE  RIVER -BASIN  W.  OF  WILKESBARRE. 

It  has  been  already  intimated  that  the  highest  Coal-bed  embraced  within  the  Eiver  Basin  W. 
of  Wilkesbarre,  is  that  exposed  at  the  level  of  the  railroad  near  South  Wilkesbarre,  and  that 
this  is  probably  the  twelfth  or  thirteenth  in  the  ascending  order  of  the  whole  series.  A  careful 
tracing  of  the  outcrop  of  this  coal-seam  past  Quick's  house  and  the  old  slope  N.  of  the  Middle 
Eoad,  and  again  on  the  S.  side  of  the  basin,  leads  me  to  the  conclusion  that  it  is  the  same  bed 
opened  by  Siveley  S.  of  the  Eiver  Eoad,  and  visible  again  at  Inman's  on  the  Middle  Eoad  on  the 
opposite  or  N.  dip.  This  coal  is  probably  lifted,  or  rather  washed,  out  of  the  basin  before  it 
reaches  Behe's  Pond  ;  for  the  whole  trough  must  evidently  be  shallower  in  this  neighbourhood 
than  further  Eastward  in  virtue  of  the  lifting  influence  of  the  two  saddles,  especially  the  S. 
one  in  the  vicinity  of  the  Green.  Still  further  Westward,  or  between  Behe's  Creek  and  Nan- 
ticoke  Creek,  the  highest  coals  in  the  basin  are  probably  on  the  horizon  of  that  of  South 
Wilkesbarre,  or  perhaps  a  little  lower.  The  comparatively  compressed  condition  of  the  leading 
anticlinal.  No.  17,  where  it  bounds  this  part  of  the  basin,  Avill  probably  compensate  for  the 
shoaling  influence  of  anticlinals  which  enter  the  basin  from  the  Westward  at  Nanticoke,  and 
impart  the  depth  I  have  assigned  to  it.  To  the  Westward  of  Nanticoke  the  basin  must  evi- 
dently  become  rapidly  exhausted  of  its  upper  coals.  The  bluff  on  the  S.  side  of  the  Susque- 
hanna, at  and  below  the  mouth  of  Solomon's  Creek,  contains  a  bed  of  coal  3  feet  thick  at  its 
base  at  the  level  of  tow-path,  which  belongs  evidently  to  a  high  place  in  the  series.  It  is 
probably  the  tenth  or  eleventh  coal  above  the  conglomerate. 

Tracing  this  basin  Eastward  from  Wilkesbarre  across  the  valley  of  Laurel  Eun  to  the  upper 
waters  of  Mill  Creek,  we  find  it  impossible,  in  the  present  disguised  condition  of  the  surface  and 
unopened  state  of  the  coal-beds,  to  indicate  the  particular  parts  of  the  Coal-measures  which  basin 
out,  rising  Eastward  at  those  streams.  If  the  large  coal-bed  of  the  Baltimore  Company  should 
prove  to  be  identical  with  the  so-called  New  Haven  Bed,  an  upper  bed  of  which  is  exposed  at 
the  water-level  of  Mill  Creek  precisely  on  the  axis  of  anticlinal  No.  16,  then  indeed  there  will 
be  some  data  for  tracing  this  great  bed  of  coal  Eastward  from  that  meridian  in  the  basin 
before  us, — that  is  to  say,  to  some  point  higher  up  Mill  Creek  ;  but  this  sometimes  asserted 
identity  of  the  two  coals  is  at  present  wholly  without  proof,  for  at  the  anticlinal  exposure  of 
the  New  Haven  Bed  no  more  than  a  6-feet  thickness  of  coal  is  exposed  to  view, — the  statement 
of  its  being  a  much  thicker  seam  resting  only  on  rumour.  It  may  possibly,  however,  be  the 
Baltimore  Company's  bed,  if  it  really  does  possess  the  alleged  size  of  1 1  feet,  and  if  there  occurs 
a  flat  anticlinal  in  the  basin  between  this  New  Haven  opening  and  the  Easternmost  tracing  of  the 
Baltimore  Company's  outcrop  on  Laurel  Eun.  Not  pretending  to  conjecture  what  the  true  state 
of  things  may  be,  I  content  myself  with  throwing  out  these  hints  for  the  guidance  of  those  who 
may  wish  to  pursue  the  exploration.  I  must  observe,  however,  that  I  have  traced  the  Baltimore 
Company's  Coal  from  the  Old  Mine  to  Laurel  Eun,  and  thence  more  vaguely  E.  15°  N.  to  a 
point  half  a  mile  S.  of  the  coal  on  Mill  Creek,  and  have  come  to  the  conclusion  that  the  coal  on 
MiU  Creek  at  New  Haven  is  not  the  Baltimore  Coal,  but  a  higher  one. 

There  is  probably  an  axis  S.  of  the  outcrop  of  the  Baltimore  Company's  Coal  on  JNIill  Creek, 
the  efi'ect  of  which  must  be  to  swing  it  round  and  place  the  next  North-dipping  outcrop  con- 
siderably further  N.  when  we  trace  it  Eastward,  and  such  must  be  its  position  on  Thomas's 
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Land  or  Gardner's  Creek.  But  even  this  will  not  bring  it  out  to  the  level  of  the  New  Haven 
Coal. 

Anticlinal  Belt  No.  XVII. — The  S.  limit  of  the  broad  and  deep  river-basin  which  I  have 
been  describing,  is  formed  rather  by  a  chain  of  three  anticlinal  axes  than  by  one  continuous  wave. 
The  middle  and  Western  hnks  of  this  chain  are  yqtj  possibly  one  axis  ;  though  unable  at  present 
to  trace  them  into  each  other,  I  abstain  from  pronouncing  on  their  identity,  notwithstanding 
their  lying  nearly  in  one  line.  Between  the  Eastern  and  middle  links,  on  the  contrary,  there  is 
no  such  seeming  connection ;  the  E.  axis,  that  of  the  Baltimore  Company's  Old  Mine,  lying 
several  hundred  feet  to  the  S.  of  the  prolongation  of  the  middle  axis,  or  that  seen  at  the  junction 
of  JMarket  Street  and  the  Eastern  Turnpike.  Tracing  these  three  segments  of  the  anticlinal  belt 
severally,  I  commence  with  that  which  is  most  East. 

Anticlinal  No.  XVII.  East,  o?-  that  of  the  BaUimoi-e  Company's  Old  Mine. — This  anticlinal 
axis,  the  most  Southern  well-developed  flexure  of  the  district  S.  of  Laurel  Run,  is  distinctly  discernible 
on  both  sides  of  that  stream,  about  two  miles  above  its  mouth,  and  about  half  a  mile  N.  of  the 
outcropping  of  the  Serai  conglomerate  in  the  bed  of  the  stream.  From  the  point  thus  indicated, 
the  axis  pursues  a  straight  course  W.  along  the  S.  side  of  the  broad  hill  which  carries  the  out- 
crop of  the  Baltimore  Company's  great  bed,  at  its  N.  base,  to  the  open  workings  of  the  old  mine. 
At  this  last-named  spot  the  very  summit  of  the  anticHnal  wave  is  visible  in  the  arching  of  the 
bottom  slates  of  the  great  coal-bed,  where  the  upper  stream  of  Coal  Brook  crosses  it.  To  the 
W.  of  this  point,  the  coal-bed,  here  naked  at  the  axis,  is  quickly  saddled  over  by  its  covering 
strata,  and  the  gradual  subsidence  of  the  anticlinal  in  that  direction  places  the  summit  of  the 
wave  in  the  coal  at  a  lower  and  lower  level  as  it  runs  on  and  enters  the  mines  and  lands  of  the 
Black  Diamond  Company.  It  is  impossible  to  say  at  present  how  far  in  the  same  direction  this 
flexure  actually  prolongs  itself ;  but  as  the  mining  in  its  vicinity  is  actively  advancing,  the  day 
is  not  remote  when  its  W.  limit  wiU  be  known. 

There  are  several  subordinate  rolls  or  trivial  flexures  on  the  N.  slope  of  this  main  anticlinal 
of  the  Baltimore  Company's  basin  ;  but  these,  though  they  disturb  to  a  small  extent  the  work- 
ing of  the  coal,  are  practically  too  unimportant  to  demand  any  specific  notice. 

This  axis  is  nowhere  one  of  steep  curvature  of  the  strata.  Its  S.  dips  are  very  gentle,  being 
nearly  flat,  and  its  N.  dips,  or  those  into  the  river  or  Baltimore  Company's  basin,  nowhere  exceed 
30°.  In  the  old  mine  at  the  outcrop,  the  dip  is  much  less  than  this,  in  but  few  places  exceeding 
10°  or  15°. 

Coals  lifted  out  by  the  Axis. — Of  the  coals  elevated  to  the  surface  by  this 
anticlinal,  little  need  be  added  to  the  statement  already  made  respecting  the  out- 
cropping of  the  great  Baltimore  seam  just  at  the  axis  S.  of  the  old  mine.  With 
the  W.  dip  of  the  anticlinal,  the  next  higher  coals  saddle  it  under  cover  as  it  , 
declines  before  leaving  the  Baltimore  Company's  land,  and  these  superior  coal-  ^ 
beds  are  cut  in  that  Company's  shaft  on  the  N.  slope  of  the  anticlinal  wave,  a 
They  will  be  more  specially  described  in  our  account  of  this  colliery.  283.— Baltimore 

The  great  Baltimore  Bed  is  mined—  of  itikSte!'  ^"^^ 

1.  At  the  Wilkesbarre  Company's  new  mines  by  a  slope  on  its  N.  dip. 

2.  At  the  Wilkesbarre  Company's  old  mines  (the  Blackman  Mines)  on  the  N.  dip  of  a  second  basin  N.  of  the 
mountain,  where  it  is  worked  by  a  slope. 
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3.  It  has  been  worked  by  Maffit  by  drifts,  and  a  slope  at  the  bed  of  a  creek  about  1000  feet  E.  of  the 
Wilkesbarre  old  mines,  Avhere  the  N.  dip  is  very  gentle. 

4.  By  Lauing  in  numerous  water-level  drifts,  S.E.  of  Wilkesbarre,  about  1|  miles  E.  of  the  Easton  Turnpike, 
where  the  dip  is  N. 

5.  At  the  Black  Diamond  Colliery  in  a  tunnel  or  shaft,  &c.  S.  of  Wilkesbarre,  and  also  by  Mordecai  at  the 
same  place. 

6.  By  the  Baltimore  Company  at  their  mines  in  a  tunnel,  shaft,  and  in  numerous  drifts  and  open  cuts. — (See 
the  Frontispiece  to  this  volume ;  also  the  interior  view  of  the  Baltimore  Company's  Old  Mine.) 

Anticlinal  No.  XVII.  Middle,  or  that  S.  of  Belie' s  Pond. — We  come  now  to  the  middle  link 
of  the  belt  bounding  the  river-basin.  It  is  a  leading  anticlinal  of  very  considerable  length,  and 
manifests  itself  quite  conspicuously  in  the  features  of  the  surface.  It  foUows  the  N.  brow  and 
sometimes  the  crest  of  the  broad  belt  of  hills  which  separates  the  immediate  plane  of  Wilkes- 
barre from  the  valley  of  the  E.  Branch  of  Solomon's  Creek,  crossing  which  it  ranges  in  a  very 
nearly  straight  course  to  the  vaUey  of  Behe's  Creek,  a  little  S.  of  Behe's  Pond.  W.  of  this  last 
intersection,  we  fail  to  trace  it  for  a  mile  or  more  across  the  E.  branch  of  Butler's  Creek,  notwith- 
standing its  coincidence  in  direction  with  an  axis  which  appears  W.  of  the  further  of  those  streams, 
and  which  I  have  designated  Anticlinal  No.  XVII.  W.  The  probability  is,  that  the  two  axes  are 
one  and  continuous,  and  that  a  slight  curve  in  their  course  is  all  that  breaks  their  strictly  linear 
prolongation  ;  but  the  disguised  state  of  the  surface,  due  to  a  deep  covering  of  drift,  frustrates 
every  attempt  at  actually  tracing  their  connection,  which  only  mining  can  bring  to  Hght.  To 
define  the  middle  axis  more  closely  :  It  is  seen  in  full  development  on  the  lane  leading  from  the 
Tamaqua  Turnpike  to  S.  Wilkesbarre,  about  600  feet  N.W.  of  the  turnpike  ;  it  passes  the  turn- 
pike itself  just  S.  of  the  elbow  which  this  makes  near  the  new  brick  building,  E.  of  which  we 
may  follow  it  in  a  straight  course  till  we  detect  its  dips  in  the  brow  of  the  hill  at  the  descent  of 
the  Easton  Turnpike,  a  little  N.  of  the  junction  of  this  with  Market  Street  in  Wilkesbarre.  It 
probably  ceases  within  half  a  mile  E.  of  the  Easton  Road,  for  we  find  no  evidences  of  it  to  the 
N.  of  the  Black  Diamond  shaft,  in  the  position  which  it  ought  to  occupy. 

W.  of  the  lane  where  we  first  took  it  up,  it  manifests  itself  in  the  summit  of  the  large  swell- 
ing hill  which  points  down  towards  Solomon's  Creek,  near  the  mouth  of  its  E.  branch,  and  we  may 
recognise  the  flexure  again  in  the  lane  beyond  this  creek  leading  N.  from  Solomon's  Gap.  The 
anticlinal  is  next  well  exposed  on  the  middle  or  Newport  Road,  near  the  mouth  of  the  next  lane 
leading  S.  to  the  Back  Road.  In  this  neighbourhood  the  efiects  of  the  carving  of  the  surface  by 
powerful  denuding  waters,  is  conspicuously  seen  on  the  two  flanks  of  the  axis,  in  a  double  line  of 
escarpments  or  sharp  sandstone  ledges.  We  may  again  detect  the  passage  of  the  axis  on  the  next 
lane  to  the  W.,  or  that  which  leads  N.  from  Downing's,  on  the  Ne\\^ort  Road,  to  the  green  on 
the  River  Road  ;  and  we  catch  its  two  dips  once  more  to  the  S.  of  Behe's  Pond,  in  the  two 
hills  which  bound  the  smooth  little  anticlinal  valley,  situated  a  few  hundred  feet  to  the  S.W. 
of  that  sheet  of  water.  Beyond  this  we  lose  it  under  the  deep  covering  of  drift  which 
conceals  the  strata  both  E.  and  W.  of  Butler's  Creek.  But  almost  in  the  same  line  we  detect, 
as  we  approach  the  S.  Branch  of  Butler's  Creek,  an  anticlinal  dipping  of  the  rocks  continu- 
ously traceable  into  the  long  straight  axis,  or  portion  of  this  same  axis,  which  has  been  entitled 
No.  17W. 

Throughout  its  course,  from  the  Turnpike  S.  of  Wilkesbarre  to  the  vicinity  of  Behe's  Pond, 
this  straight  and  regular  anticlinal  is  distinguished  by  comparatively  gentle  dips  ;  the  N.  ones, 
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near  the  arch,  not  exceeding  10°  or  15°,  and  the  S.  ones  nowhere  surpassing  about  25°  or 
30°. 

A  7-feet  coal-bed  has  been  penetrated  in  a  well  near  the  axis  on  a  N.  dip  near  the  N.  end  of 
the  straight  street  leading  out  from  Wilkesbarre  to  the  Easton  Road,  and  a  bed  probably  the  same 
has  been  partially  explored,  on  or  very  near  the  axis  on  Mr  Ross's  farm,  near  the  S.  brow  of  the 
Hill,  in  a  direction  nearly  W.  of  the  Schoolhouse.  That  this  coal  holds  a  high  place  in  the  series 
is  very  obvious  from  the  relation  of  this  axis  to  the  outcrop  of  the  Baltimore  Vein.  It  is  very 
probably  the  10th  Coal  of  the  Solomon's  Creek  group — that,  namely,  which  outcrops  in  the  bed 
of  Sugar  Creek,  a  little  above  its  mouth. 

On  the  Whitehaven  Turnpike  the  measures  exposed  on  this  axis  appear  to  be  those  which 
separate  this  10th  Coal,  which  is  not  there  brought  out  to  day,  from  the  overlying  11th,  or  that 
of  the  Basin  next  to  Wilkesbarre.  We  meet  with  the  same  11th  Coal  on  the  lane  leading  from 
Solomon's  Gap,  N.W.  to  the  River  Road  ;  it  is  parted  into  two  outcrops  at  this  anticlinal,  the 
more  Northern  one  being  just  on  the  brow  of  the  steep  South-sloping  hill  facing  Solomon's  Creek. 
What  the  coal  is,  which  this  axis  causes  to  outcrop  on  the  Middle  Road  W.  of  Inman's,  is  a 
question  we  have  not  yet  solved  ;  but  it  is  probably  the  11th,  or  a  still  higher  seam. 

Within  the  basin  lying  N.  of  the  anticlinal  thus  described,  there  occurs  in  the  Whitehaven 
Turnpike  a  small  subordinate  flexure  about  500  feet  from  it,  which  lifts  out  the  coal  which  we 
have  designated  as  the  11th,  and  seems  not  to  place  it  back  again  under  any  cover  of  strata 
before  the  main  axis  elevates  rocks  which  are  yet  a  little  lower  in  the  series.  The  range  of  this 
feeble  flexure  E.  and  W.  seems  to  be  very  limited. 

Strata  exposed  along  the  Anticlinal. — The  rocks  and  coal-beds  lifted  to  the  surface  and 
denuded  along  this  anticlinal  axis  are  manifestly  those  which  next  overlie  the  Baltimore 
Company's  great  vein  ;  in  other  words,  they  constitute  the  group  next  beneath  the  S.  Wilkes- 
barre series.  The  reader  will  inspect  advantageously  the  cross  sections  (Plate  V.)  which 
show  this  axis  on  the  Easton  Turnpike,  and  again  on  the  lane  leading  N.  from  Solomon's  Gap. 
N.  of  the  Baltimore  Company's  main  anticlinal,  the  whole  way  to  the  Back  Road,  we  encounter 
no  reversal  of  the  dip  in  the  district  E.  of  Coal  Brook ;  and  in  this  space  we  recognise,  as  over- 
lying the  Baltimore  Bed,  three  or  perhaps  four  other  coals  of  lesser  size  :  two  of  these  are  known 
coals,  visible  at  the  Baltimore  Company's  Shaft.  It  is  plain,  therefore,  that  neither  Anticlinal 
XVII.  Middle,  nor  the  little  flexure  N.  of  it,  have  any  existence  so  far  towards  the  E. 

Anticlinal  No.  XVII.,  W. — As  already  intimated,  this  anticlinal — a  probable  prolongation  of 
that  just  described — shows  itself  first  a  little  E.  of  the  S.  Branch  of  Butler's  Creek,  crossing  which, 
we  may  trace  it  in  the  topography,  and  likewise  by  occasional  visible  dips,  to  Fairchild's  Lane, 
or  that  S.  of  Nanticoke,  where  the  axis  is  well  exposed'close  to  the  right-angled  turn  or  ofi'^et  in 
the  lane.  Beyond  this  point  we  lose  it  for  half  a  mile  as  it  passes  the  valley  of  Lee's  Creek,  but 
we  meet  it  again  N.  of  the  Nanticoke  and  Newport  Centre  Road,  and  may  trace  it  thence  for  at 
least  three  miles  continuously,  until  it  flattens  away  high  on  the  S.  slope  of  the  River  Mountain. 
In  this  Western  part  of  its  course  it  runs  just  at  the  Northern  base  of  the  hill  or  table-land, 
N.W.  of  Newport  Centre,  and,  crossing  the  middle  Nanticoke  Creek,  it  follows  the  N.  side  of  the 
same  hill,  prolonged  till  it  enters  the  narrow  valley  occupied  by  the  Southern  tributaries  of  the 
N.  Nanticoke  Stream,  beyond  which  we  soon  lose  it  in  the  Mountain. 

The  anticlinal,  or  section  of  the  Anticlinal  No.  XVII.,  is  characterised  by  a  considerably 
greater  steepness  in  its  two  sets  of  dips,  than  belongs  to  the  middle  section.    Near  the  S.  Branch 
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of  Butler's  Creek  both  dips  amount  to  40° ;  at  Fairchild's  Lane,  the  N.  dip  is  40°  and  the  S.  30°. 
E.  of  Newport  Centre  the  S.  dip  is  again  40° ;  but  W.  of  this  point  it  flattens  to  an  average 
inclination  of  20° — while  the  N.  dip  increases  until,  in  the  district  between  the  North  and  Middle 
branches  of  Nanticoke  Creek,  it  amounts  in  some  places  to  a  steepness  of  70°. 

Strata  brought  to  light  along  this  Axis. — Almost  nothing  has  been  done  to  develop  the  coal 
along  the  line  of  this  anticlinal,  and  I  can  only  be  guided  by  general  considerations  in  stating 
what  Coal-measures  the  axis  appears  to  elevate  to  the  surface  ;  nevertheless,  a  careful  study  of 
the  ground  from  the  N.  side  of  the  river  basin  to  this  axis  on  Fairchild's  Lane,  on  the  Nanticoke 
and  Newport  Eoad,  and  in  Nanticoke  Creek,  has  satisfied  me  that  the  saddle,  in  that  vicinity  at 
least,  throws  out  none  but  Coal-measures  very  high  in  the  series.  In  proof  of  this  I  would  appeal 
to  the  very  long  succession  of  South-dipping  strata,  extending  from  Lee's  large  mine  to  within  a 
very  few  hundred  feet  of  the  axis  ;  to  the  extensive  seqvience  of  coals  embraced  in  those  strata, 
and  to  the  narrowness  and  comparative  flatness  of  the  anticlinal,  wherever  it  is  exposed  in  this 
quarter.  W.  of  Newport  Centre  the  rise  of  the  anticlinal  line,  and  the  general  lifting  up  of  the 
whole  coalfield,  causes  a  rather  rapid  cutting  out  of  the  strata  in  the  line  of  the  axis  ;  but  as  it 
runs  for  nearly  four  miles  from  Fairchild's  Lane  to  where  it  flattens  in  the  flank  of  the  moimtain, 
it  is  obvious  that  there  is  ample  space  for  a  gradual  throwing  out  of  a  thick  succession  of  Coal- 
measures. 

Basin  No.  XVIIL  and  its  Undulations. — We  pass  now  to  the  middle  synclinal  belt  of  the 
Wilkesbarre,  Nanticoke,  and  Shickshinny  District.  This  is  not  a  simple  trough,  but  in  every  part 
of  its  length  it  is  undulated  by  one  or  more  anticlinal  waves.  Its  N.  boundary  is,  of  course,  the 
anticlinal  belt  No.  XVII,  which  we  have  just  been  tracing.  Its  S.  boundaiy,  or  that  which 
divides  it  from  the  basin  at  the  foot  of  the  mountain,  is  another  broken  line  of  anticlinal  eleva- 
tions of  the  strata,  consisting  of  two  main  anticlinals,  which  are  approximately  in  line  with 
each  other  ;  the  Eastern  one  indicated  on  the  map  as  Axis  No.  XIX.  E. ;  the  more  Western  one 
as  Axis  No.  XIX.  W.  The  more  precise  description  of  these  bounding  anticlinals  is  reserved  for 
the  next  division  of  this  Chapter,  our  present  topic  being  the  structure  of  Basin  1 8,  its  undula- 
tions, and  its  Coal-measures. 

Course  of  the  Synclinal  Axis  of  Basin  No.  XVIIL — Commencing  with  its  Eastern  end,  we 
take  up  this  Basin  in  the  neighbourhood  of  Laurel  Eun,  between  the  Mountain  and  Anticlinal 
No.  XVII.  E.  ;  and  following  the  valley  Westward,  we  find  ourselves  behind,  or  S.  of  the  Balti- 
more Company's  Old  Mine  and  axis,  in  the  E.  end  of  a  wide  shallow  trough  of  .the  Big  Balti- 
more Coal-bed.  Pursuing  the  centre  of  this  trough  Westward,  it  takes  us  across  the  Easton 
Turnpike  a  little  N.  of  where  this  crosses  the  East  Branch  of  Solomon's  Creek,  and  carries  us 
over  'the  Tamaqua  Road  about  the  same  short  distance  S.  of  the  same  stream,  or  past  the  N. 
edge  of  the  village  of  Newtown.  The  synclinal  keel  of  the  basin  next  crosses  Solomon's  Creek, 
several  hundred  feet  N.  of  the  mouth  of  Sugar  Creek,  being  visible  on  the  lane  leading  N.W. 
towards  the  canal.  Following  it  through  the  hills,  we  meet  it  distinctly  shown  in  the  dipping 
of  the  strata  on  the  next  cross-road  ;  and  fiu'ther  forward  we  find  it  on  the  main  Newport  Eoad, 
in  the  neighbourhood  of  Euggle's  Creek.  Once  more  we  detect  it  on  the  cross-lane  which  passes 
by  Behe's  Pond,  where  it  ranges  about  600  feet  to  the  N.  of  the  Newport  Eoad.  Again  we  meet 
it  crossing  both  branches  of  Butler's  Creek,  800  or  900  feet  N.  of  the  Newport  Eoad,  and  we 
find  it  on  Fairchild's  Lane,  leading  to  Nanticoke,  some  1200  feet  from  the  road.    W.  of  this. 
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after  crossing  Lee's  Creek,  the  synclinal  belt  of  the  basin  divides  or  forks  in  consequence  of  the 
introduction  of  a  W.  anticlinal  axis — anticlinal  of  basin  1 8  ;  and  the  synclinal  line  most  nearly 
in  prolongation  of  that  we  have  been  tracing,  runs  on  crossing  the  Dodson  Schoolhouse  Lane, 
some  1300  feet  S.  of  the  Newport  Road,  beyond  which  it  gradually  fades,  until  it  ceases  to  be 
traceable  beyond  half  a  mile  W.  of  Newport  Centre.  It  does  not  reach  Vendermark's  Hill ;  but 
another  synclinal  line  or  basin  200  or  300  feet  S.  of  it  in  position,  commencing  S.W.  of  Newport 
Centre,  passes  through  the  hollow  of  that  hill,  and  a  little  N.  of  Fitzgerald's  Corner. 

The  S.  Branch  of  the  synclinal,  taking  this  up  W.  of  Fairchild's  Lane,  crosses  the  Dodson 
Schoolhouse  Lane  about  1200  feet  N.  of  the  S.  Newport  Road,  and  from  this  point  may  be 
followed  along  the  hills  and  across  the  lanes  which  go  N.  over  them,  till  we  meet  it  in  the  point 
of  the  spur-shaped  Hill,  intersected  by  the  S.  Branch  of  Nanticoke  Creek,  where  it  turns  N. 
Thence  it  follows  the  summit  of  this  ridge,  which  distinctly  exhibits  the  basin  structure  nearly 
as  far  W.  as  the  lane  leading  S.  from  Sorber's. 

Strata  emhraced  in  the  Central  or  Synclinal  Portio7i  of  Basin  No.  18. — We  have  seen  that 
just  S.  of  the  Baltimore  Company's  old  mine,  this  basin  lifts  out  that  part  of  the  Coal-measures 
which  includes  the  great  Baltimore  Bed.  From  this  point  W.  as  far  as  the  Baltimore  Bed,  it 
retains  its  integrity,  though  at  what  distance  it  breaks  up  or  loses  this  is  not  at  present  ascer- 
tainable ;  the  basin  carries  that  coal-seam,  and  the  group  of  coals  next  over  it.  It  is  quite 
obvious  that  in  the  vicinity  of  Solomon's  Creek,  and,  indeed,  throughout  its  course,  probably  as 
far  as  Lee's  Branch  of  Nanticoke  Creek,  the  Coal-measures  in  the  centre  of  this  trough  are  iden- 
tical, or  nearly  so,  with  those  in  the  deeper  part  of  the  river-basin  W.  of  Wilkesbarre.  Possibly 
the  highest  coals  retained  are  one  or  two  beds  lower  in  the  series  than  the  S.  Wilkesbarre  or 
Siveley  Seam.  Approaching  the  W.  waters  of  Nanticoke  Creek,  the  basin  forking  begins  to 
throw  out  the  middle  Coal-measure ;  and  towards  the  W.  end  of  the  coal-field,  as  at  Sorber's 
and  further  W.,  it  can  include  only  the  lowest  division  of  the  coal-bearing  strata. 

The  following  section,  which  was  communicated  to  us  just  before  going  to  press,  represents 
the  strata  cut  by  a  shaft  upon  the  lands  of  the  Audenried  Improvement  Company,  about  a  mile 
S.  of  Wilkesbarre,  and  within  the  basin  we  have  been  describing.  Comparison  with  the  general 
section  of  the  strata  at  Wilkesbarre  (page  322),  which  was  compiled  from  numerous  local 
measurements,  may  be  interesting  to  show  change  of  type,  and  thickness  of  the  coal-seams  and 
included  rocks.    The  dip  at  the  shaft  is  11°  S. 

Earth  and  sand,  16  feet ;  sandstone,  40  feet ;  slate,  ll;  feet. 

Coal,  10  feet ;  slate,  40  feet. 

Coal,  6  inches  ;  slate,  40  feet. 

Coal,  6  feet ;  fire-clay,  10  feet ;  slate,  50  feet. 

Coal,  1  foot  8  inches  ;  fire-clay,  10  feet ;  micaceous  sandstone,  21  feet ;  slate,  5  feet. 
Coal,  5  feet ;  fire-clay  and  slate,  27  feet ;  micaceous  sandstone,  82  feet. 
Coal  (Baltimore  bed  ?),  7  feet ;  fire-clay,  3  feet ;  black  rock,  57  feet. 
Coal,  5  feet ;  micaceous  sandstone,  15  feet. 

A  drill  hole,  extended  38  feet  below  the  bottom  of  the  shaft,  cut  two  thin  seams  of  coal. 
Anticlinals  included  in  Basin  No.  18. — There  are  at  least  seven  independent  anticlinal 
flexures  of  the  strata  detected  by  me  in  the  general  synclinal  belt,  all  of  them  exerting  an 
VOL.  II.  .  s  c 
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important  influence  in  the  distribution  of  the  coal,  and  destined  to  control,  more  or  less,  all  the 
future  mining  operations  within  their  neighbourhood.    I  proceed  to  trace  these  in  detail 

Anticlinal  a  of  Basin  18. — The  first  or  most  Eastern  anticlinal  which  we  encounter  lies  S. 
of  the  main  synclinal  tract  of  the  Basin,  at  a  distance  of  not  more  than  1200  feet  N.  of  the 
leading  anticlinal  No.  XIX.  E.  It  is  a  comparatively  gentle  flexure,  originating  W.  of  the 
Easton  Turnpike,  passing  between  the  N.  of  the  three  sub-basins  of  the  Wilkesbarre  Company's 
mine  and  the  Baltimore  or  main  basin  N.  of  them,  and  crossing  that  Company's  lane  at  the  White 
House  and  the  Tamaqua  Turnpike,  a  thousand  feet  S.  of  the  village  of  Newtown.  We  lose  this 
axis  for  a  distance  of  about  one-third  of  a  mile  as  it  passes  under  the  drift-covered  vaUey  of 
Solomon's  and  Sugar  creeks  ;  but  we  recover  it  again  W.  of  Sugar  Creek,  di\dding  two  escarp- 
ments in  the  hill,  which  extends  thence  towards  Miller's  late  residence  on  the  cross-road  next 
W. ;  but  in  this  vicinity  the  strata  are  much  obscured  by  drift,  even  on  the  smnmits  of  the  hills, 
and  it  is  impossible  to  trace  the  axis  even  up  to  that  cross-road.  The  indications  are,  that  it 
ceases  E.  of  it. 

This  anticlinal  appears  to  be  one  of  rather  gentle  flexure  throughout  the  E.  half  of  its  length, 
where  it  passes  through  the  Wilkesbarre  Company's  lands ;  but  W.  of  Sugar  Creek  its  N.  dips  are 
very  steep.    Its  S.  dips  are  everywhere  the  gentlest. 

Strata  visible  near  the  Axis. — Like  the  Anticlinals  Nos.  XVII.  and  XIX.  adjoining  it,  this 
flexure  seems  to  come  off  obliquely  from  the  base  or  flank  of  the  S.  or  Little  Wilkesbarre 
Mountain,  and  to  decKne  in  level  as  it  ranges  W.  In  virtue  of  this  subsidence,  it  is  gradually 
in  its  progress  overarched  by  higher  and  higher  coals.  First,  The  Great  Baltimore  Bed  saddles 
the  axis  just  E.  of  the  Wilkesbarre  Company's  mines,  and  is  under  a  good  covering  of  strata 
from  this  point  of  its  saddling  W.  South  of  Newtown,  one  of  the  lower  of  the  middle  group  of 
coals,  or  of  the  set  next  over  the  Baltimore  Bed,  laps  over  the  axis  near  the  Tamaqua  Turnpike, 
and  a  coal,  probably  the  same  in  the  series,  which  was  opened  just  N.  of  Sugar  Creek,  above  its 
mouth,  closes  over  the  axis  a  few  hundred  yards  still  further  W.  This  is  one  of  two  coals  below 
the  Newtown  Bed,  and  is  probably  about  the  third  below  the  S.  Wilkesbarre  seam,  or  Siveley's. 
The  basin  made  by  this  axis  a  and  the  main  axis,  No.  XIX.  E.,  wiU  be  spoken  of  in  our  descrip- 
tion of  this  last-named  anticlinal. 

Anticlinal 'E,  of  Basin  18. — Next  in  position  W.,  is  a  still  feebler  and  shorter  anticlinal  flexure, 
probably  not  more  than  a  mile  and  a  half  in  length,  lying  also  to  the  S.  of  the  main  syncUnal 
axis  of  the  Basin.  Our  first  clear  recognition  of  this  feeble  wave  in  the  strata  is  on  the  cross- 
road running  S.  from  near  Inmau's  to  the  S.  back  road,  only  300  or  400  feet  N.  of  J.  MiUer's 
old  residence.  From  this  point  W.  it  is  much  obscured  by  drift,  but  we  recover  it  again  S. 
of  the  main  Newport  Eoad,  in  the  first  hill  S.  of  Ruggle's  Creek,  and  may  detect  it  crossing  this 
road  quite  obliquely,  just  at  the  schoolhouse  on  the  summit  of  the  hill.  From  this  point  of 
intersection  we  can  trace  it  gradually  flattening  and  fading,  for  about  one-fourth  of  a  mile, 
when  it  disappears  almost  directly  in  the  general  synclinal  fine  of  the  basin.  At  the  next  series 
of  exposures,  namely,  on  the  lane  just  W.  of  Behe's  Creek,  we  have  the  fullest  evidence  that  it 
has  disappeared. 

Throughout  its  course,  this  flexure  is  a  very  flat  or  gentle  one,  yet  it  may  probably  influence 
the  future  mining  of  the  district  sufiiciently  to  make  this  notice  of  it  important. 

Strata  exposed  near  this  Anticlinal. — It  is  in  the  vicinity  of  this  anticlinal  of  the  School- 
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house,  but  in  the  basin  N.  of  it,  or  in  the  main  synclinal,  that  a  Eed-Ash  coal-bed,  6  feet  thick, 
has  been  opened,  and  mined  to  some  extent  on  the  lands  of  John  Hoover,  This  coal  evidently 
occupies  a  high  position  in  the  series,  and  its  proximity  to  the  little  anticlinal  proves  how  trivial 
the  effect  of  this  latter  has  been  in  causing  the  denudation  of  the  upper  Coal-measures. 

Anticlinal  c  of  Basin  18. — The  third  anticlinal  in  this  basin  going  W.,  is  a  very  regular  and 
straight  one,  running  nearly  parallel  with  the  Middle  or  Newport  Road,  at  a  short  distance  S. 
of  it,  from  Behe's  Creek  to  the  mouth  of  Fairchild's  Road,  leading  N.  to  Nanticoke,  Its  length, 
from  its  E.  point  of  origin,  which  is  just  E.  of  Behe's  Creek,  to  the  spot  where  we  lose  it  N,  of 
A.  Line's,  is  about  3  miles  ;  and  its  average  distance  from  the  main  Anticlinal  XIX.  W., 
which  lies  S.  of  it,  and  makes  with  it  a  regular  subordinate  basin,  is  from  1000  to  1100  feet. 
This  axis  is  accompanied  along  its  E.  half  by  unusually  steep  dips  ;  but  towards  its  W.  termination 
the  flexure  becomes  gentler,  and  the  inclination  of  the  rocks  near  it  does  not  exceed  30°.  It 
ends  E.  in  a  mere  twitch  or  steep  rumple  in  the  broad  belt  of  steeply  North-dipping  strata 
thrown  off  by  Axis  XIX.  W.  ;  but  W.  it  appears  to  expire  in  the  more  usual  manner  by  gradually 
flattening  down.  Throughout  its  course  the  axis  may  be  readily  traced  by  the  marked  impres- 
sion of  the  anticlinal  arching  of  the  strata,  upon  the  topography  or  the  configuration  of  the  surface. 

Very  little  can  be  stated  specifically  in  regard  to  the  coal-beds  which  this  anticlinal  lifts  and 
exposes  at  the  surface,  further  than  that  they  are  those  which  lie  next  subjacent  to  the  high  Red- 
Ash  seams  before  spoken  of  as  opened  on  John  Hoover's  land,  near  the  Schoolhouse  on  the 
^Middle  Road.  They  belong,  therefore,  to  that  division  of  the  Coal-measures  which  is  so  generally 
lifted  to  the  surface  by  the  anticlinals  which  lie  centrally  in  the  Wilkesbarre  and  Nanticoke 
District,  or  which,  in  other  words,  traverse  the  chain  of  hills  called  the  Hog  Back — coals  which  I 
have  designated  as  the  middle  group  of  the  series,  above  the  large  lower  White-Ash  beds  of  the 
border  of  the  basin,  but  beneath  the  two  or  three  highest  seams,  which  only  occur  in  the  synclinal 
knobs  and  table-lands. 

Anticlinal  d  of  Basin  18,  or  that  of  Neivport  Centre. — We  come  next  in  order  to  a  much  more 
conspicuous  anticlinal  wave.  This,  indeed,  in  the  more  central  part  of  its  course,  is  a  double  or 
complex  flexure,  and  there,  in  the  vicinity  of  Newport  Centre,  it  is  accompanied  by  very  steep 
and  abrupt  dips,  and  apparently  by  some  dislocation  of  the  rocks.  We  first  detect  this  anti- 
clinal as  a  single  and  rather  gentle  flexure,  on  the  cross  road  running  S.  from  Nanticoke,  only  a 
few  hundred  feet  N.  of  the  late  Solomon  Fairchild's  private  lane ;  but  the  undulation  displays 
itself  in  more  complex  and  prominent  features  as  it  approaches  Newport  Centre,  especially  where 
it  is  crossed  by  the  Dodson  Schoolhouse  Lane,  and  by  the  Nanticoke  and  Newport  Road.  Beyond 
the  httle  viUage  of  Newport,  the  S.  axis,  or  that  of  Fairchild's  Farm,  seems  to  disappear  in  descend- 
ing Foster's  HoUow,  towards  HoUenback's  old  miU  ;  while  the  N.  flexm-e,  crossing  just  N.  of  the 
viUage,  runs  on  to  take  the  S.  brow  of  the  hill  next  N.  of  the  Middle  Nanticoke  Creek,  and  in 
this  line  of  prolongation  it  finally  flattens  away  somewhere  on  the  slope  of  the  River  Mountain . 

A  third  much  feebler  flexure  accompanies  these  two  axes  of  this  compound  anticlinal  wave, 
at  a  distance  of  some  300  feet  S.  of  the  Southernmost  of  the  two  chief  axes  of  this  compound 
anticlinal  at  Newport  Centre. 

On  the  Dodson  Schoolhouse  Lane,  and  .near  Newport  village,  the  S.  dips  of  the  Southern  of 
the  two  axes,  and  the  N.  dips  of  the  Northern,  are  extremely  steep  ;  while  the  basin,  not  more 
than  200  or  300  feet  broad,  which  divides  them,  is  in  the  same  proportion  flat  or  shallow. 
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Strata  exposed  hy  the  Anticlinal. — Two  or  three  coal-openings  occur  adjacent  to  this  anticlinal 
on  the  W.,  especially  those  of  Newport  Centre.  One  of  these  is  on  the  S.  side  of  the  axis  N.  of 
the  middle  branch  of  Nanticoke  Creek,  and  nearly  opposite  Fitzgerald's  Corner ;  but  what  place 
in  the  series  this  or  the  other  coals  occupy,  it  is  not  possible,  in  the  present  undeveloped  state 
of  the  district,  to  ascertain. 

Anticlinal  e  of  Basin  18,  oi-  that  of  the  Fitzgerald's  Schoolhouse. — Another  anticlinal  flexure 
of  considerable  length,  possibly  as  long  as  the  preceding,  ranges  along  the  S.  side  of  the  general 
Basin,  No.  18,  in  a  direction  not  strictly  parallel  to  the  bounding  Axis,  No.  XIX.  W.,  but  con- 
verging gently  towards  it  on  going  W.  This  axis,  throughout  the  central  part  of  its  range,  espe- 
cially near  to  where  it  is  intersected  by  the  S.  Branch  of  Nanticoke  Creek,  or  S.  of  Vendermark's 
Mill,  is  characterised  by  very  steep  dips,  both  legs  of  the  arch  dipping  at  as  high  an  angle  as 
80°,  and  exposing  bold  ribs  of  the  coarse  conglomeritic  sandstones  in  those  points  where  the 
softer  strata  have  been  most  denuded.  We  first  take  up  this  axis  on  the  road  running  S.W. 
from  Newport  Centre  to  the  Methodist  Meeting-house,  about  midway  between  those  two  points. 
Here  the  N,  dip  is  but  5°,  and  the  S.  dip  20°.  Tracing  the  axis  to  the  cross  road  next  E.  of 
S.  Nanticoke  Creek,  we  can  foUow  it  thence  along  the  valley  of  a  Northern  tributary  of  that  stream 
at  the  N.  foot  of  the  hill,  till  it  passes  a  little  N.  of  the  Fitzgerald  Schoolhouse,  beyond  which, 
as  it  approaches  the  lane  running  S.  from  Sorber's,  the  dips  and  impression  of  the  axis  on  the 
topography  become  less  distinct. 

Strata  exposed. — Besides  the  bold  ribs  of  conglomeritic  sandstone  developed  at  this  axis,  two 
or  three  outcrops  of  coal  are  visible  near  it ;  but  I  cannot  say  precisely  what  beds  these  are,  nor 
can  any  one  determine  tiU  the  region  is  more  explored  by  mining.  They  are  evidently,  however, 
members  of  the  middle  coal  series  of  the  basin. 

Anticlinal  F  of  Basin  18. — Far  W.  in  the  basin,  and  nearly  centrally  placed  in  it  as  respects 
its  bounding  anticlinals,  is  a  gentle  flexure  some  2  miles  or  more  in  length,  running  from  the 
valley  of  the  middle  branch  of  Nanticoke  a  few  hundred  feet  N.  of  George  Sorber's  house,  and 
thence  to  the  very  head  of  the  S.  Branch  of  Nanticoke,  or  the  water-shed  between  that  stream 
and  the  N.  Branch  of  Black  Creek,  a  point  immediately  N.  of  the  road  through  the  basin.  A 
small  coal-seam  2  or  3  feet  thick  has  been  opened  on  the  S.  dip  of  this  axis,  a  little  S.  of  the 
road  near  the  water-shed  here  mentioned. 

Wherever  the  dips  belonging  to  this  flexure  have  been  detected,  they  do  not  exceed  15°  or  20°. 

Anticlinal  G  of  Basin  18. — About  1400  feet  N.  of  Sorber's,  and  therefore  some  700  or  800 
feet  N.  of  Axis  e,  occurs  another,  which  we  call  g.  This  is  apparently  a  short  flexure,  and  is  too 
obscure  and  umimportant  to  merit  a  closer  tracing. 

Anticlinal  h  of  Basin  18. — In  the  W.  extremity  of  the  basin  there  is  another  short  anticlinal 
lying  about  700  feet  N.  of  the  coal -drift,  known  as  Colt's  Coal.  It  is  in  fact  this  arch  which  con- 
tains Colt's  coal,  which,  at  the  drift  mouth,  dips  as  gently  as  5°  S.,  and  this  would  seem  to  be  the 
flatness  of  the  S.  side  of  this  axis  generally.  On  the  N.  side  of  the  anticlinal'the  dips  are  steeper, 
being  as  much  as  25°. 

The  coal  called  Colt's  probably  emerges  to  the  day  nearer  to  the  axis  than  at  the  spot  where 
it  has  been  mined  ;  but  at  that  point  the  bed  has  been  entered  by  a  lower  or  valley  outcrop,  the 
result  of  denudation,  leaving  a  perpendicular  cliS"  of  sandstone,  at  the  base  of  which  the  coal 
appears  dipping  with  the  slope  of  the  hill. 
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Anticlinal  Range,  No.  XIX.,  or  that  separating  Basin  18  fro7n  Basin  19. — It  has  been 
already  stated  that  this  anticlinal  belt  consists  of  two  principal  flexures,  the  E.  one  designated  as 
No.  XIX.  E.,  and  the  W.  as  No.  XIX.  W.,  and  that  these  are  separated  in  the  middle  part  of  the 
belt  by  a  blank  space,  where  neither  is  at  present  visible.  Let  us  now  define  them  with  more 
precision,  and  indicate  their  efiects  upon  the  strata. 

No.  XIX.  East. — Our  first  clear  indications  of  this  axis  are  at  its  intersection  with  the 
Easton  Turnpike,  which  it  crosses  only  a  few  hundred  feet  N.  of  the  Toll-gate,  and  N.  of  the  foot  of 
the  mountain.  E.  of  this  point  it  is  too  imperfectly  traceable  at  present  to  admit  of  delineation  ; 
but  W.  we  may  foUow  it  in  a  chain  of  anticlinals  so  nearly  in  its  prolongation  as  fitly  to  be  con- 
sidered one  with  it  for  a  distance  of  some  3  miles,  or  to  a  point  half  a  mile  W.  of  Sugar  Creek. 
The  Toll-gate  Saddle  or  E.  division  of  the  axis  is  traceable  to  the  Wilkesbarre  Company's  mines, 
where  it  is  the  axis  which  separates  their  middle  or  smallest  basin  from  the  third  or  N.  one  of 
those  which  the  company  is  now  working,  or  the  axis  upon  which  the  underground  steam- 
engine  is  seated. 

Directly  in  the  line  of  the  anticlinal  is  a  beautifully  exposed  flexure,  in  a  cut  of  the  Lehigh 
and  Susquehanna  Eailroad,  at  the  foot  of  plane  No.  3,  at  Solomon's  Gap  ;  and  this  flexure  I  am 
disposed  to  consider  identical  with  that  just  mentioned,  as  dividing  the  Wilkesbarre  Company's 
second  and  third  basins.  This  axis  of  the  foot  of  the  plane  we  can  again  recognise  half  a  mile 
W.  of  Solomon's  Creek,  in  the  sharp  sandstone  crests  of  the  hiUs,  at  a  distance  of  about  1500 
feet  N.  of  where  Sugar  Creek  intersects  the  Back  Eoad  ;  but  approaching  the  cross-road  next 
W.,  we  fail  to  trace  the  further  progress  of  the  anticlinal  for  some  distance,  in  consequence  of 
the  broad  sheet  of  drift  which  there  conceals  all  the  outcrops  of  the  rocks.  We  must  pass,  in 
fact,  a  blank  space  of  more  than  a  mile  and  a  half,  before  we  gain  unequivocal  traces  of  the 
anticlinal  which  lies  nearly  in  its  prolongation,  and  which  is  designated  No.  XIX.  West. 

The  amount  of  flexure  in  this  anticlinal  wave  is  nowhere  very  steep  in  its  E.  portion  ;  but  in 
the  vicinity  of  Solomon's  Creek,  and  W.  of  Sugar  Creek,  the  arching  is  much  greater.  On  the 
Easton  Turnpike  at  the  toll-gate,  the  dij)s  are  very  gentle,  and  they  continue  thus  to  the  Wilkes- 
barre Company's  mines  ;  but  at  the  foot  of  plane  No.  3,  at  Solomon's  Gap,  the  S,  dip  is  as  steep 
as  45°,  while  the  N.  leg  of  the  arch  inclines  at  60°. 

Coal  exposed  along  this  Anticlinal. — At  the  Easton  Turnpike  this  flexure  just  lifts  to  the 
surface  the  rocks  which  next  underlie  the  Little  ToU-Gate  seam,  or  the  second  coal  below  the 
Great  Baltimore  Bed  ;  but  the  W.  subsidence  of  the  axis-line  permits  higher  strata  successively 
to  oversaddle  it,  until,  at  the  Wilkesbarre  Company's  workings,  the  Baltimore  seam  itself  closes 
over  it,  passing  out  from  the  second  or  N.  Branch  of  Basin  19  into  the  third  or  S.  trough  of 
Basin  18  ;  and  again  by  the  continuance  of  this  W.  subsidence,  still  higher  coals  in  the  series — 
namely,  the  10-feet  and  4-feet,  or  the  second  and  third  coals  above  the  Baltimore  Bed — are  per- 


FlG.  284. — Section  of  Anticlinal  Flexure  ISo.  XIX.,  near  the  foot  of  the  lower  inclined  plane, 

Solomon's  Gap,  looking  W. 


mitted  to  arch  themselves  at  the  axis.    These  are  beautifully  exposed  in  the  regular  anticlinal 
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arch  of  the  railroad  cut,  near  the  foot  of  the  plane.  (See  our  illustration  of  this  cut,  Fig.  284.) 
To  the  W.  of  Sugar  Creek  a  coal  still  above  these  shows  itself  outcropping  under  the  sandstone 
crests  which  there  border  the  anticlinal  axis. 

At  the  arching  of  the  coals  in  the  railroad  cut  we  behold  a  curious  fault,  with  redoub- 
ling of  the  Second  Coal,  implying  a  N.  sliding  of  the  strata  while  in  the  act  of  bending. 
(See  Fig.  284.) 

A  nticlinal  No.  XIX.  West,  or  that  of  the  Dodson  Schoolhouse  and  S.  Nanticohe  Creeh. — 
We  have  now  to  consider  by  far  the  longest  continuous  division  of  this  anticlinal  range.  The 
first  exhibition  of  this  remarkably  straight  axis  is  to  be  met  with  a  short  distance  W.  of  Behe's 
Creek,  on  the  lane  leading  from  the  Middle  to  the  Back  Road,  which  it  crosses  about  one-fourth 
of  a  mile  N.  of  the  latter.  Crossing  Lender  Creek,  we  trace  this  axis  thence  continuously 
through  Lender's  Hill  and  across  his  lane,  and  meet  it  again  on  the  Leutze  Gap  Eoad,  a  few 
hundred  feet  N.  of  the  thick  Stiver  Coal-bed  ;  thence  we  follow  it  to  the  Dodson  Schoolhouse, 
and  beyond  this,  by  the  base  of  the  bluff  hill  N.  of  the  main  road,  until  it  obliquely  enters  this 
hill,  and  stretches  on  to  the  S.  Branch  of  Nanticoke  Creek.  In  this  part  of  its  course  it  crosses 
the  lane  leading  from  the  S.  road  up  to  Newport  Centre,  at  a  distance  of  some  1200  feet  N.  of 
the  main  S.  road  ;  and  we  detect  it  again  just  N.  of  the  new  Methodist  Meeting-house,  from  which 
point  we  trace  it  readily,  by  the  features  of  the  surface,  to  the  intersection  of  the  middle  road  of 
the  valley,  with  the  S.  Branch  of  Nanticoke  Creek,  and  can  follow  it  thence  up  the  narrow 
valley  of  that  stream  to  where  this  is  crossed  by  the  lane  leading  S.  from  Sorber's.  We  may 
pursue  it,  indeed,  still  further  AV.,  through  the  broad  flat  hill  S.AV.  of  Sorber's,  to  a  knob  which 
fronts  the  N.  Branch  of  Black  Creek,  nearly  opposite  the  outcrop  of  the  large  coal-seam  known 
as  Colt's.  In  all  this  course  of  about  9  miles,  this  axis  observes  an  extraordinary  straightness 
and  regularity.  It  is  a  flexure  of  the  normal  type  ;  that  is  to  say,  its  S.  dips  are  gentler 
than  its  N.  ones,  these  latter  being  remarkably  steep,  esi^ecially  between  Lender  Creek  and  the 
Dodson  Schoolhouse. 

Strata  elevated  by  this  Anticlinal. — No  very  positive  data  at  present  exist  for  ascertaining 
precisely  what  division  of  the  coal-series  is  brought  to  the  surface  by  this  axis  in  the  different 
portions  of  its  length  ;  but  the  carefully-measured  section  near  Lender  Creek,  and  other  systematic 
explorations  in  the  vicinity,  lead  me  to  the  inference  that,  in  this  E.  part  of  its  course  at  least,  it 
fails  to  lift  out  any  but  the  highest  coals  of  the  district.    There  are  probably  at  least  twelve 
coal-beds  beneath  the  saddle  where  it  crosses  Lender  Creek  ;  nor  do  I  suppose  that  this  siiite  of 
coals  is  much  reduced  until  we  approach  the  Stiver  opening,  which,  being  a  coal  of  unusual 
magnitude,  is  probably  somewhere  near  the  horizon  of  the  Baltimore  Bed,  or  five  or  six  coals 
above  the  bottom.    Approaching  the  S.  Branch  of  Nanticoke  Creek,  probably 
still  lower  coals  throw  themselves  out,  though  the  flattening  of  the  axis  in  its      frF^^!f^-='  500- 
W.  range,  and  its  slight  retreat  from  the  S.  edge  of  the  coal-field,  may  compen-  3  ^  ^^^S  ,  ^ 
sate  for  the  general  Westward  rise  of  all  the  strata.    It  is  therefore  quite  pos-  2  u.  ^^^H  I  ]* 
sible  that  the  large  bed  called  Colt's  is  on  the  same  horizon  with  the  thick      ^^^^g  "  * 
Stiver  seam.  '  ^^^^^ 

In  the  annexed  woodcut  the  reader  has  a  representation  of  the  characters  pig.  2S5.— stiver's  Bed. 
and  dimensions  of  the  Stiver  Coal. 

Basin  No.  19,  or  that  of  the  N.  Foot  of  the  Little  Mountain. — This,  the  third,  or  most  Southern 
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large  synclinal  trough  of  the  district,  is  a  very  straight  belt  of  Coal-measures,  undulated,  how- 
ever, by  a  number  of  anticlinal  waves,  disturbing  the  distribution  of  its  coal-beds  from  that 
perfect  symmetry  of  flexure  which  they  would  otherwise  possess.  So  numerous  are  these  intrud- 
ing anticlinal  waves, — with  nine  or  ten  of  which  we  are  already  acquainted,  while  probably  several 
others  of  lesser  magnitude  remain  undeveloped, — that  it  would  be  fruitless  to  attempt  at  this 
time  any  tracing  of  a  general  synclinal  axis  centrally  along  the  belt  ;  nor  is  it  probable,  indeed, 
that  such  exists.  It  must  sufiice,  therefore,  in  attempting  to  exhibit  all  that  has  been  brought 
to  light  respecting  the  structure  of  this  tract,  to  indicate  the  anticlinals  which  it  contains, 
and  the  effects  which  these  may  be  judged  to  have  upon  the  outcropping  and  distribution  of 
the  coal-beds. 

Anticlinal  A,  Basin  19,  or  that  of  Solomon's  Gap. — To  commence  as  usual  with  the  most 
Eastward  in  the  basin.  This  subordinate  flexure,  traceable  for  perhaps  a  mile  in  length,  crosses 
Plane  No.  3  in  Solomon's  Gap,  two-fifths  of  the  length  of  the  plane  above  its  base.  Here  the 
flexure  is  well  exposed  in  a  cutting  on  the  plane,  and  is  visible,  though  more  obscurely,  on  the 
tiu-npike  adjoining  the  railroad.  Half  a  mile  to  the  Westward  we  detect  it  S.  of  Preston's 
house  in  an  old  excavation. 

The  strata  lifted  by  this  axis  on  the  Railroad  Plane  are  those  immediately  overlying  the 
complex  lowest  large  coal-bed  or  group  of  coal-seams,  called  the  19-feet  bed,  only  the  highest 
layer  of  which  indeed  is  laid  naked  by  it. 

This  axis  appears  to  decline  gently  to  the  Westward,  and  it  is  probable,  though  by  no 
means  certain,  that  the  coal-beds  afiected  by  it  at  Preston's  are  those  next  above  the  complex 
19-feet  seam. 

Adjacent  to  this  flexure,  and  a  little  S.  of  it,  is  another  shorter  and  feebler  one,  discernible 
as  a  roll  in  Boss's  Mine  on  Solomon's  Creek  ;  but  this  makes  no  external  impression,  and  is  pro- 
bably of  very  local  influence. 

Anticlinal  b.  Basin  19. — Next  in  our  progress  Westward  is  a  very  long  but  rather  gentle  anticli- 
nal flexure,  commencing  near  Sugar  Creek,  and  extending  beyond  the  Western  tributary  of  Behe's 
Creek.  It  ranges  parallel  with  the  foot  of  the  mountain,  diverging  slightly  from  it  Westward. 
The  position  of  this  axis  for  a  greater  part  of  its  length  is  900  or  1000  feet  S.  of  the  Back  Road. 
It  is  seen  in  the  arch  at  Carey's  Mine  in  the  bed  of  the  little  brook  which  flows  there,  and  we 
detect  it  again  in  CoUins's  Mine,  about  a  mile  further  W.  At  both  places  the  dips  are  of 
moderate  steepness,  the  S.  dip  at  Collins's  being  20°,  and  the  N.  30°.  In  Carey's  Mine  this  axis 
lifts  to  the  day  a  seam  of  coal  4  feet  thick  ;  and  in  Collins's  Drift,  the  coal-bed  which  arches  has 
a  thickness  of  8  feet,  and  is  a  higher  coal.  Comparing  its  position  with  those  of  the  coals 
visible  in  the  cut  of  Warrior  Creek  further  W.,  this  bed  appears  to  be  the  fifth  in  the  series  of 
the  large  or  workable  seams  above  the  conglomerate. 

Anticlinal  c,  Basin  19. — The  next  anticlinal  flexure  within  the  basin  which  caUs  for  notice 
is  one  which  has  thus  far  been  detected  only  where  it  has  been  intersected  by  Warrior  Creek 
on  the  Babb  Lot,  where  it  is  well  displayed  on  the  Railroad  and  mining  section  there  developed. 
It  interrupts  the  general  N.  dip  of  the  strata  towards  the  centre  of  the  basin,  and  turns  at  least 
five  of  the  middle  coal-seams  over  into  a  steep  S.  dip  of  60°  or  65° ;  the  N.  side  of  the  flexure 
dipping  40°  or  45°  N. 

The  coal-seams  which  it  thus  causes  to  arch  are  apparently  the  lowest  of  the  middle  group, 
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or  those  next  above  the  horizon  of  the  Baltimore  Bed  ;  not  assuming  it  as  certain,  however,  that 
this  maintains  its  integrity  so  far  to  the  W. 

Anticlinal  d,  Basin  19,  or  that  of  Bergman's  Run. — We  come  now  to  a  sharp  flexure  in  the 
strata,  close  to  the  foot  of  the  mountain,  intersected  by  Bergman's  Eun,  about  half  a  mile  S.  of 
the  Tavern  on  the  main  road  of  the  valley.  This  axis  may  possibly  possess  considerable  length  ; 
but  being  close  under  the  foot  of  the  mountain,  the  strata  are  too  much  concealed  for  us  to  trace 
it.  It  is  remarkable  for  the  excessive  steepness  of  the  S.  side  of  the  flexure,  the  dip  towards 
the  mountain  being  nearly  perpendicular.  This  posture  of  the  strata,  giving  rise  to  a  precipitous 
wall,  causes  the  stream  here  to  take  a  sudden  leap,  and  form  a  really  beautiful  cascade.  The 
N.  dips  from  the  axis  are  extremely  gentle,  even  at  some  distance  from  the  axis-line  not 
exceeding  15°. 

The  coal-beds  lifted  to  the  day  by  this  broken  flexure  are  evidently  very  low  in  the  Coal- 
measures.    (See  the  Section  at  Bergman's  Eun  or  Gulick's  Tavern,  fig.  291.) 

Anticlinal  e.  Basin  19. — N.  of  the  last-described  anticlinal  commences  a  longer  and  much 
more  conspicuous  one,  ranging  nearly  centrally  in  the  basin.  Its  first  traces  are  seen  in  Bergman's 
Eun,  about  a  thousand  feet  S.  of  the  Tavern  on  the  road,  its  efiect  being  a  saddle  in  one  of  the 
coal-beds  of  the  stream.  Here,  however,  the  flexure  is  extremely  gentle,  neither  dip  ekceeding 
5°.  Some  three-fourths  of  a  mile  further  W.  we  may  discern  it  more  distinctly,  just  N.  of  the 
South-dipping  outcrop  of  a  bed  of  coal  mined  to  a  smaU  extent  a  few  hundred  feet  S.  of  the 
road  ;  the  sandstones  between  this  coal  and  the  road  dipping  N.  from  the  axis.  A  little  further 
W.  the  same  anticlinal,  or  what  appears  to  be  the  same,  is  visible  in  the  small  mine  upon  the 
thick  seam  of  coal  called  Wright's  Bed,  where  the  coal  is  entered  S.,  and  dips  W.,  actually 
saddling  over  the  axis. 

This  anticlinal,  or  one  very  nearly  in  its  range,  now  crosses  the  road,  and  pursues  the  bed 
of  the  narrow  valley  traversed  by  the  W.  Branch  of  Lee's  Creek.  Here  the  anticlinal  structure 
of  the  vaUey  is  well  exhibited  for  a  mile  or  more  in  its  escarped  and  precipitous  sides,  and  the 
opposite  direction  of  dip  of  the  two  sets  of  exposed  strata.  How  far  this  anticlinal  is  prolonged 
towards  the  W.  it  is  hard  at  present  to  say  ;  but  it  seems  not  to  reach  the  obscure  cross-road 
which  extends  through  the  forest  from  the  inn  called  "  Traveller's  Eest"  to  the  North  Road  near 
Sorber's. 

An  outcrop  of  coal  is  visible  in  the  bed  of  the  Anticlinal  VaUey,  a  few  hundred  feet  N.  of 
the  main  road,  and  another  coal,  known  as  Kocher's  Opening,  occurs  close  to  the  axis  just  S. 
of  the  same  road ;  but  nothing  can  be  established  at  present  regarding  the  places  which  these 
coals  occupy,  nor  anything  positively  indeed  respecting  the  position  to  be  assigned  to  the  large 
bed  called  Wright's,  which  may  or  may  not  be  identical  with  the  others. 

Anticlinal  f,  Basin  19. — Another  anticlinal,  accompanied  by  apparently  gentler  dips  than 
those  which  attend  the  preceding,  appears  near  the  main  road  further  Westward,  a  few  hundred 
feet  N.  of  the  conspicuous  outcrop  of  coal  visible  on  the  roadside,  and  called  Lesher's.  The 
Westward  extension  of  this  axis  has  not  been  ascertained,  but  it  seems  not  to  cross  the  road 
running  N.  from  "  Traveller's  Eest." 

Anticlinals  G  and  h.  Basin  19. — Two  other  anticlinals  have  been  detected  by  us  within  this 
general  synclinal  belt  in  the  AV.  end  of  the  coal-field  ;  the  more  Southern  of  these  occurring  in 
the  hiU  between  the  two  Southern  spurs  of  the  Hog  Back,  and  the  more  Northern  ranging  just  N, 
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of  its  third  and  longest  spur,  and  prolonging  itself  in  the  direction  of  Shickshinny.  Too  little  is 
known  at  present  of  these  antielinals,  or  of  the  coal-beds  disturbed  by  them,  to  enable  us  to  trace 
them  with  more  detail,  or  to  exhibit  their  influence  upon  the  strata.  The  approximately  correct 
section  of  the  district  of  the  Hog-back  is  presented  in  the  column,  (see  Fig.  294.) 

Other  flexures  besides  those  we  have  now  enumerated,  will  probably  be  brought  to  light  by 
future  mining  operations  within  this  synclinal  belt,  and  those  which  have  been  here  described 
will  unquestionably  become  better  known  and  more  distinctly  developed  ;  but  quite  enough 
has  been  detailed  concerning  these  and  all  the  other  discoverable  undulations  of  the  district  to 
furnish  a  clue  to  the  distribution  of  the  many  beds  of  valuable  coal  which  it  embraces,  and  to 
prove  a  useful  guide  to  all  future  explorations  and  mining  undertakings. 

Distribution  of  the  Coal  in  the  E.  End  of  Basin  19. — Eeverting  to  the  E.  end  of  the  general 
basin  before  us,  with  the  view  of  recognising  the  basining-out  of  its  Coal-measures,  we  may 
observe,  by  consulting  the  Map  and  the  Geological  section  which  follows  the  Easton  Turnpike, 
that  while  the  lower  large  coal-bed,  or  Jamieson's,  crosses  the  road  to  basin  out  at  some  distance 
E.  of  it,  between  the  foot  of  the  mountain  and  the  Anticlinal  Axis  No.  XIX.  E.,  the  upper 
larger  coal,  or  Great  Baltimore  Bed,  is  not  cut  by  our  section,  but  basins  out  or  is  washed  away 
to  the  W.  of  it.  This  valuable  layer  of  coal  is,  in  fact,  disposed  in  two  basins  within  this  belt — 
the  larger  one  lying  at  the  foot  of  the  mountain,  and  heading  several  hundred  yards  W.  of  the 
Turnpike,  and  the  lesser,  a  much  shorter  and  narrower  one,  running  only  a  few  hundred  feet  E. 
from  the  Wilkesbarre  Company's  Main  Slope.  The  anticlinal  which  divides  these  two  Southern 
basins  of  that  Company's  lands  ranges  just  S.  of  their  slope,  lifting  there  the  rocks  which  imme- 
diately underlie  the  large  Baltimore  Bed  ;  but  declining  to  the  Westward,  it  soon  permits  the 
coal-seam  to  saddle  its  axis  ;  and  there  is  reason  to  believe  that  the  undulation  altogether  sub- 
sides within  a  range  of  perhaps  half  a  mile  towards  the  W.  Considering  it,  therefore,  as  only  a 
roll  in  the  strata,  I  have  not  enumerated  it  among  the  leading  antielinals,  nor  given  it  a  special 
designation.  Its  influence,  however,  is  all-important  upon  the  mining  operations  conducted 
within  the  coal  estate  of  the  Wilkesbarre  Mining  Company. 

Lane's  Tunnel,  entering  the  S.  side  of  this  basin,  penetrates  to  the  Great  Baltimore  Bed,  and 

cuts   the  two  overlying    coals,    as  Fig.  286.— Lane's  Tunnel,  E.  of  Solomon's  Gap. 

shown  in  the  annexed  engraving. 

Blackman's  Slope,  or  Slope  No. 
3,  at  the  Wilkesbarre  Company's 
Mines,  is  70  yards  down,  and  goes  *'>^'"" 
deep  into  the  basin.    It  ends  at  a  dip  of  about  30°,  and  the  top  of  the  slope  is  about  60  feet 
above  the  adit  at  water-level,  which  is  now  being  constructed  to  dispense  with 
the  upper  part  of  the  slope  lifts,  and  the  return  inclined  plane. 

This  water-level  adit  is  to  be  driven  45  yards  through  rock  into  the  coal-bed. 

Beneath  the  big  coal  in  Blackman's  Mine,  the  coals  are — 1st,  A  bed  which 
crops  out  at  the  Toll-gate.  It  is  a  7-feet  coal,  pretty  good,  and  in  tiers  of  1 8 
inches  and  1  foot  of  coal ;  it  is  about  200  feet  below  the  Big  Bed.  2d,  A  coal 
which  is  6  feet  thick,  and  is  separated  by  5  feet  of  hard  fire-clay, — Stigmaria  Bed  (Bia^man'^.T 

o  I.   1  of  Breaker. 

bhale. 

At  an  interval  of  60  yards  in  the  tunnel  are  the  3d,  4tli,  and  5th  Coals,  separated  by  3  feet 
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of  slate ;  while  the  lowest  of  them  is  separated  by  2  feet  of  slate  from  the  big  seam  of  coal 
called  the  Nineteen-feet  Coal,  but  actually  14  feet  thick.  These  three  closely-adjacent  beds 
are  each  3  feet  thick,  and  one  of  them  yields  a  Brown  Ash. 

The  Big  Seam  is  the  lowest,  at  present,  known  in  this  vicinity. 

The  bottom  layer  of  the  Lower  Big  Coal  of  the  S.  side  of  the  basin  at  the  Wilkesbarre  Com- 
pany's lands  at  Solomon's  Gap  is  Red  Ash  Coal. 

The  coal  of  the  Mill  is  regarded  as  the  bottom  tier  of  the  Nineteen  or  Fourteen-feet  Coal. 
At  the  Wilkesbarre  Company's  land  the  lower  division  of  the  Lower  Big  Coal  lies  just  on  the 
conglomeritic  rock,  with  only  a  few  inches  of  shale  intervening. 

SECTION  OF  THE  BIG  COAL. 


Feet. 

Inches. 

Feet. 

Inches. 

Coal, 

1 

3 

Bony  Coal, 

0 

8 

Shale  fire-clay. 

0 

0 

Coal, 

2 

8 

Slaty  Coal, 

2 

0 

Slate,  . 

0 

0 

Good  Coal  from 

.  8  to  9 

0 

Best  of  Coal, 

i 

6 

The  Eight-feet  Rough  Coal  of  the  Baltimore  Mines  is  much  further  from  the  main  bed  at  the 
Wilkesbarre  Company's  Mines,  being  at  its  last  S.  outcrop  at  the  foot  of  the  mountain  as  much 
as  200  feet  S.  of  the  outcrop  of  the  Big  Coal. 

At  Jamieson's  old  opening  on  a  19-feet  bed  of  coal,  the  signs  of  metamorphism  are  quite 
abundant.  The  coal  exhibits  in  the  direction  of  the  strike  long  chunks  like  planks  ;  the  Bird's 
Eye  surfaces  are  in  this  direction,  an  exception  to  the  general  rule.  The  dip  is  from  20°  to 
25°  N.  30°  W. 

COALS  IN  SOLOMON'S  GAP  (SEE  SECTION,  PLATE  V.) 

The  lowest  coals  of  the  Wyoming  Coal-basin  are  finely  exhibited  at  Ross's  old  mines  in  Solo- 
mon's Gap,  immediately  below  Solomon's  Falls.  Here  the  lowest  bed  is  worked  by  a  drift  at  the 
Creek  level.  The  same  coal  is  to  be  seen  in  its  entire  thickness  in  the  Railroad  cut  at  the  Red 
Mill.  It  is  about  8  feet  thick,  with  several  slate-partings.  Its  character  appears  to  be  rough, 
and  in  some  benches  quite  bony.  The  slate  overlying  it  is  about  3  feet  in  thickness.  Its  dip 
is  about  30  to  the  N.N.W. 

The  next  vein  ascending  is  also  opened  by  a  drift  at  the  water-level ;  it  is  about  8  feet  thick, 
and  has  about  2  feet  of  parting-slate  in  its  centre.  The  character  of  this  seam,  as  well  as  of  all 
the  coals  at  this  locality,  is  quite  rough  and  bony.  About  9  feet  of  slate  intervene  between  this 
and  the  next  overlying  vein,  which  contains  3  feet  of  impure  coal ;  it  has  not  been  opened  at 
this  place. 

A  flaggy  sandstone,  1 0  feet  thick,  forms  the  roof  of  this  bed,  and  the  bottom  of  an  8-feet 
thick  coal  next  above  it  is  here  opened  by  a  water-level  drift.  It  appears  to  lie  in  three  or  four 
benches  ;  the  upper  of  which  is  2  feet  thick,  and  is  separated  from  the  others  by  3  feet  of  slate. 
The  several  seams  here  opened  appear  to  be  divisions  of  one  and  the  same  large  bed. 

At  this  point  there  would  seem  to  be  some  confusion  in  the  stratification  ;  but  by  tracing  the 
course  of  the  fire-clay,  which  overlies  the  last-mentioned  coal,  it  proves  to  be  a  simple  though 
somewhat  abrupt  turn  of  the  vein  in  the  form  of  an  anticlinal,  by  which  it  is  thrown  below  the 
water-level. 
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The  last  and  highest  coal  here  opened  is  a  1 0-feet  coal,  with  1  foot  of  bottom  slate.  It  is 
entered  by  a  number  of  drifts  at  the  water-level,  inasmuch  as  its  dip  is  but  a  very  gentle  one  to 
the  N.  It  Hes  in  four  benches  of  about  equal  thickness  ;  the  partings  being  quite  thin.  Its 
character,  like  that  of  the  rest,  seems  to  be  rough.  Without  doubt,  it  is  the  so-called  1 9-feet 
vein  of  this  region,  either  entire  or  in  union  with  the  bed  below,  from  which  it  is  separated  by 
fire-clay. 

I  am  induced  to  regard  this  as  the  1 9-feet  coal-seam,  from  the  following  considerations  : — 

L  It  seems  to  lie  in  a  position  with  regard  to  the  lower  conglomerate  which  that  bed  generally  occupies  ; 
that  is  to  say,  we  here  see  at  least  two,  and  probably  three  seams  underlying  it. 

2.  There  is  a  considerable  thickness  of  slate  overlying  it ;  probably  as  much  as  50  feet.  Now,  by  measure- 
ment in  Grey  and  Landmesser's  Tunnel,  at  the  back  end  of  which  the  1 9-feet  vein  is  known  to  exist,  there  is 
about  the  same  amount  of  overlying  slate,  and  I  know  of  no  vein  so  low  in  the  series  which  has  so  great  a  thick- 
ness of  roof  slate. 

3.  Another  reason  is  to  be  found  in  the  flexures  of  the  strata  at  this  locality.  On  the  inclined  plane,  a  few 
hundred  feet  to  the  N.  of  these  openings,  there  is  a  smaU  cut  at  the  little  breaker  of  these  mines,  which  exhibits  a 
small  anticlinal  axis,  by  which  the  1 9-feet  bed  would  appear  to  be  thrown  some  few  feet  above  the  level  of  the 
plane,  and  made  to  turn  over  into  N.  dips  ;  and  this  N.  dip  of  the  vein  may  be  traced  immediately  to  the  outcrop 
at  the  back  end  of  Grey's  Tunnel.  The  truth  of  this  supposition  will  depend  upon  whether  the  vein  here,  poorly 
exposed  in  the  road  cut,  is  really  the  Big  Ross  vein  ;  and  if  so,  whether  it  is  actually  traceable  to  the  outcrop  S.  of 
the  tunnel.  A  leader  or  thin  coal  on  the  Railroad  seems  to  be  several  feet  thick  in  the  tunnel  ;  that  they  are  one 
and  the  same  there  can  be  little  doubt,  as  at  both  localities  the  same  coarse  flaggy  sandstone,  containing  numerous 
pebbles,  overHes  the  bed.  This  is  an  additional  argument  for  considering  the  anticlinal  seam  as  the  1 9-feet  vein, 
whether  it  be  the  same  as  the  Big  Ross  vein  or  not. 

The  1 9-feet  coal  has  been  mined ;  l,At  Eoss's  mines,  in  Solomon's  Gap,  by  water- 
level  drifts ;  2,  At  the  back  end  of  Grey  and  Landmesser's  Tunnel,  which  was  driven 
in  241  feet  to  reach  it,  (it  dips  N.  at  this  point  about  25°)  ;  3,  By  an  open  cut 
on  its  outcrop  about  a  quarter  of  a  mile  E.  of  Grey  and  Landmesser's  shaft ;  4,  It 
has  been  driven  to,  in  Jamieson's  Tunnel,  about  half  a  mile  E.  of  the  shaft ;  5, 
Also  in  the  vicinity  of  the  Wilkesbarre  Company's  new  mines  by  a  tunnel  now 
abandoned,  the  so-called  Blackman  Tunnel ;  6,  By  open  cut  and  drift  at  Par- 
rish's  old  mines,  about  half  a  mile  N.E.  of  the  Prospect  Rock  House. 

At  none  of  these  localities  is  it  now  worked ;  nor  is  it,  to  my  knowledge,  mined  anywhere 
on  the  S.  side  of  the  river.  The 
relations  of  the  so-called  1 9-feet 
bed,  and  the  Baltimore  seam  near 

Solomon's   Gap,  are  illustrated   in         ^'lo- 289.-Grey  and  Landmesser's  Tuunel,  near  Solomon-s  Gap.-l  f«a  =  200/.e<. 

the  cut  here  presented  of  Grey  and  Landmesser's  Tunnel.    (See  Fig.  289.) 


Fig.  288.— Lower  Big 
Coal  at  Landmes- 
ser's, E.  of  Solo- 
mon's Gap. 


DISTEICT  W.  OF  SOLOMON'S  GAP. 

West  of  Solomon's  Creek  perhaps  a  mile,  occurs  a  gully,  upon  which  several  coal-seams  have 
been  opened  on  Wright  and  Conyngham's  land.  I  know  no  name  for  the  ravine.  The  tenant 
was  WiUiam  Stapleton.    Carey's  Coal-bed  is  opened  some  distance  up  the  stream. 

The  foUowing  section  made  on  Carey's  Run,  or  Sugar  Creek,  exposes  the  seams  underlying 
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the  large  or  Baltimore  Bed,  and  enables  us  to  arrive  at  some  satisfactory  conclusion  as  to 
the  number  and  thickness  of  the  veins  constituting  the  Coal-measures  of  the 
Wyoming  Basin. 

The  first  or  uppermost  coal  seen  is  about  7  feet  thick,  consisting  of  two 
benches  2^  feet  each,  separated  by  an  intervening  slate  2  feet  in  thickness. 
The  dip  is  30°  N.  The  W.  bed  is  14  feet  thick,  but  not  very  well  exposed, 
dipping  45°  N.  This  is  supposed  to  be  identical  with  the  Baltimore  bed.  The 
third  vein  is  scarcely  2  feet  thick ;  and  then  follows  the  fourth,  which  is 
about  the  same  size ;  under  it  is  a  band  of  ore  containing  sulphuret  of  iron. 
The  fifth  bed  is  well  exposed,  forming  a  roll  with  steep  dips  of  50°,  soon, 
how^ever,  rising  again  with  a  N.  dip  of  30°.  It  is  about  10  feet  thick,  and  may 
be  thus  described  : — Coal,  1  foot ;  slate,  2  feet.    Coal,  2  feet  9  inches ;  slate, 

2  feet  3  inches.  Coal,  1 2  feet  9  inches  ;  bottom  slate,  4  feet,  full  of  Stigmaria  ; 
coarse  sandstone,  massive.  This  roll  also  repeats  the  overlying  vein.  The 
sixth  bed  dips  27°  N.,  and  is  over  5  feet  thick.     Coal,  good,  4^  feet  ;  slate, 

6  inches.  Coal,  8  inches  ;  slate,  full  of  Stigmaria,  and  in  its  lower  part  large 
lenticular  masses  of  iron-ore.    The  seventh  bed  dips  30°  N.,  and  is  more  than 

7  feet  thick.  Coal,  5  feet  ;  slate,  1  inch.    Coal,  good,  2  feet ;  slate  (Stigmaria), 

3  feet.    Coal,  8  inches. 
Slate  intervenes  between  this  and  the  next  vein,  the  eighth,  which  dips 

40°  N. ;  and,  as  far  as  could  be  ascertained,  is  5  feet  thick. 

The  next  seam,  the  ninth,  is  evidently  two  layers  of  coal,  separated  by  a 
slate  4  or  5  feet  thick  ;  the  dip  is  steep.  The  massive  sandstone  under  it  forms 
a  bold  ledge,  over  which  the  water  falls.  Steep  dips  continue  for  perhaps  70  or  100  feet,  when 
it  changes  to  a  S.  dip  of  25°. 

This  again  changes  to  a  N.  dip  of  25°,  the  sandstone  forming  a  rapid  of  100  feet  in  length. 
The  next  dip  is  25°  S.,  succeeded  by  a  dip  of  30°  N.,  forming  several  rapids.  The  conglomerate 
then  appears  dipping  40°  N. 

This  section  exhibits  the  rolling  character  of  the  strata,  though  it  would  be  difficult  to  trace 
any  one  of  these  rolls  far  in  either  direction. 

It  would  appear  from  these  exposures  that  no  less  than  seven  seams  of  coal  lie  between  the 
Baltimore  bed  and  the  Conglomerate,  four  or  five  of  which  are  of  sufficient  thickness  to  be 
wrought.  The  section  may  serve  as  a  guide  in  searching  for  beds  along  the  mountain,  between 
the  outcrop  of  the  Baltimore  vein  and  the  Conglomerate. 

In  that  part  of  the  valley  between  Solomon's  Creek  and  the  Wyoming  Coal  Company's  rail- 
road several  mines  exist.  There  is  a  coal  at  Inman's  on  the  Berwick  Turnpike ;  it  is  3  feet 
thick,  dipping  25°  N.W. 

Caleb  Inman's  bed,  also  3  feet  thick,  is  opened  on  the  new  road  on  a  hill,  near  a  stone  bridge 
over  Solomon's  Creek.  It  dips  20°  S.S.E.,  and  is  evidently  the  same  bed  as  the  preceding — a 
synclinal  trough  existing  between  the  two  openings. 

On  a  little  branch  of  Sugar  Creek,  about  800  or  1000  feet  from  the  back  road  down  the  S. 
side  of  the  valley,  a  coal  is  opened  in  a  tunnel  driven  by  Mr  Holland  of  Wilkesbarre  ;  no  other 
coals  were  cut.    The  dip  at  the  surface  is  displayed  in  massive  sandstone  N.  55-60°.    A  distance 
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of  100  yards  from  the  tunnel  on  Preston's  land  coal  has  been  taken  from  the  surface.  The  bed 
measures  6  feet  in  two  benches  separated  by  thin  slate — dip.  30-35°  N. 

Two  coals  have  been  proved  by  tunnels  on  Preston's  land.  The  tunnels  are  115  yards  asun- 
der, and  on  different  levels  ;  the  same  beds  are  cut  in  both.  The  two  beds  are  6  feet  thick  each, 
and  are  distant  120  feet  in  the  upper  tunnel.  A  third  coal,  4  feet  thick,  is  found  over  the  upper 
coal  of  the  upper  tunnel.  It  lies  100  feet  from  the  mouth  ;  its  dip  is  quite  flat,  or  even  South- 
ward ;  but  it  rolls  over,  and  is  cut  in  the  lower  tunnel  where  it  is  faulty. 

The  upper  6-feet  coal,  and  that  opened  near  Holland's  old  tunnel  above,  are  thought  to  be  the 
same  seam. 

Continuing  W.  in  the  coal-basin  there  is  a  satisfactory  exposure  of  the  strata  on  the  railroad 
of  the  Wyoming  Coal  Company  about  six  miles  from  Wilkesbarre  :  it  exhibits  a  series  of  coals 
overlying  the  great  lower  seam. — (See  section  from  the  Susquehanna  to  Warrior  Path  Gap, 
Plate  VI.) 

The  uppermost  bed  of  the  series  on  the  railroad  of  the  Wyoming  Coal  Company  was  cut  in  a 
tunnel  driven  to  it  by  Mr  Holland  ;  it  is  6-8  feet  thick,  and  dips  about  20  N°. ;  the  same  bed  is 
opened  100  yards  farther  W.,  and  still  farther  a  slope  was  sunk  100  feet  upon  it. 

Following  the  railroad  up  the  creek,  we  have  in  the  creek  and  the  cuttings  on  the  Babb  lands 
fine  exposures  of  coal,  six  or  seven  in  number.  They  are  shown  in  our  section.  The  average 
thickness  of  these  coals  does  not  exceed  4  feet.  Several  of  the  beds  are  repeated  by  a  sharp 
anticlinal,  which  from  a  dip  of  40°  or  45°  N.  turns  them  over  to  S.  dips  of  60°.  Near  this  the 
railroad  branches,  one  fork  going  to  an  old  tunnel  driven  by  Mr  Holland  to  meet  a  large  coal, 
the  other  to  the  Warrior  Path  Gap  of  the  Little  Mountain.  Our  section  follows  this,  and  exhi- 
bits several  fine  beds  of  coal  in  the  notch.  The  first  of  these  is  a  compound  bed  opened  by  a 
drift  on  Mr  Eummage's  land.  The  upper  portion  is  6  feet  thick,  the  lower  9,  separated  from  the 
former  by  18  inches  of  slate.  The  dip  is  30°  N.  S.  of  this  100  feet  horizontally  a  second  bed 
has  been  opened  ;  it  is  9  feet  thick.  A  few  hundred  feet  further  S.  a  third  bed,  capped  by  pea- 
conglomerate,  and  resting  on  thin-bedded  sandstone,  has  been  proved.  It  is  said  to  measure  1 2 
feet.  This  is  within  100  yards  of  Collins's  Sawmill,  behind  which  the  Serai  conglomerate  rises 
from  the  water-level  at  an  angle  of  40°.  In  the  conglomerate  a  thin  coal  of  3  inches  has  been 
found. 


Our  section  of  the  Gap  in  the  Little  Mountain  at  the  back  of  GuUck's  Tavern  (see  Fig.  291), 
about  nine  miles  from  Wilkesbarre,  displays  several  coals.  The  uppermost  of  these  is  gently  arched 
above  water-level  :  it  is  proved  to  be  fully  8  feet  thick.  Below  this  is  a  bed  of  bone  coal  and 
slate,  containing  impressions  of  Lepidodendron,  5  feet  thick.  The  third  coal  is  4  feet  thick,  and 
has  been  mined  to  a  limited  extent.  It  dips  N,  7°  to  10°,  The  next  bed  is  thin,  not  exceeding 
18  inches.  It  is  overlaid  by  slate  containing  iron  ore.  Below  this  is  a  workable  coal  7  or  8 
feet  thick.    Its  quality  is  fair,  and  it  has  been  mined.    Something  over  100  yards  S.  of  this,  at 
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the  falls  of  the  creek,  on  a  nearly  perpendicular  Southern  dip,  a  coal  was  seen  which,  including 
bony  coal  and  slate,  measured  1 1  feet.  It  is  all  more  or  less  squeezed  and  faulty.  The  lower 
6 -feet  are  the  best.    This  coal  is  not  represented  in  the  section. 

Wright's  coal,  three-fourths  of  a  mile  W.  of  Gulick's,  is  a  large  bed,  having  10  feet  of  coal  in 
all,  thus : — 

Slate  and  Coal,  3  feet ;  Bony  Coal,  2  feet ;  Good  Coal,  8  feet. 

It  dips  W.,  turning  round  with  the  dying-out  of  the  anti-axis  from  the  E.  Its  cover  is  slate, 
&c.  It  is  in  the  same  hiU  with  South-dipping  coal,  300  yards  E.  of  it.  This  S.  dip  of  coal  is  not  all 
seen  ;  it  looks  like  the  West-dipping  bed,  and  dips  S.  15°.  On  the  N.  slope  of  the  same  ridge 
the  dip  is  30°  N. 

I  am  in  doubt  whether  the  denuded  axis  W.  of  Wright's  coal,  W.  of  Gulick's,  is  not  a  little  N. 
of  the  axis  of  the  coal  itself. 

At  Fitzgerald's  on  the  Schoolhouse  No.  3,  there  is  a  coal-bed  7  feet  thick,  dipping  N.  30°. 
Under  this  there  is  said  to  be  one  1 4  feet  thick.  On  J olm  Schleppy's  Farm,  in  the  same  valley 
of  the  N.  Branch  of  the  Nanticoke  Coal,  a  little  W.  of  the  Schoolhouse,  a  coal-bed  lies  in 
the  hill,  and  dips  S.  30°.  It  is  7  feet  or  more  thick  ;  a  boring  of  8  feet  did  not  go  entirely 
through  it. 

At  Schleppy's,  one-fourth  of  a  mile  W.  of  the  cross  connecting-road,  and  adjoining  Meyer's, 
there  are  3  coals  opened.  One  at  the  road,  with  N.  dip,  is  7  feet  thick  ;  one  in  the  ravine  about 
5  feet,  with  steep  N.  dip  ;  a  third  on  the  N.  side  of  the  basin  7  feet,  and  dips  S. 

John  Hoover,  near  the  Newport  Eoad,  has  a  Red  Ash  coal,  6  feet  thick,  with  slate-partings  in 
it.  It  dips  gently  S.,  being  near  the  centre  of  the  basin  rising  Eastward,  and  the  road  being 
near  the  E.  end  of  this  coal. 

B.  Vandermark's  coal,  near  Hallenback's  Mill,  dips  into  a  trough  ;  it  has  5  feet  of  coal  with 
slate  10  inches  thick  in  the  middle — in  all,  6  feet  in  thickness. 

A  little  further  W.  is  coal  about  3  feet  thick  on  Sta}Tnetz's  Farm,  now  shut  up ;  dips 
gently  South. 

Just  N.  of  Hollenback's  Mill  on  the  road  crossing  over  from  Nanticoke  Creek  to  the  N.  road, 
there  is  a  double  axis,  very  sharp,  like  that  of  Newport  Centre  :  it  is,  I  think,  the  same  pro- 
longed.   It  runs  into  the  middle  spur  of  the  Mountain. 

The  synclinal  of  Vandermark's  Hill  runs  from  between  the  two  ribs  of  the  conglomeritic  sand- 
stone at  the  road,  through  the  N.  side  of  the  valley  of  Nanticoke  Creek.  The  anticlinal  S.  of  it 
runs  along  the  S.  edge  of  the  same  valley. 

We  traced  the  synclinal  and  anticlinal  axis  of  Vandermark's  Hill  eastward,  and  found  that 
they  died  out  by  the  time  they  approached  the  road  from  the  IMethodist  Meeting-house  to  New- 
port Centre  ;  they  expire  a  little  N.  of  the  S.  fork  of  the  road. 

The  synclinal  knob  of  sandstone  a  few  hundred  yards  S.AV.  of  Newport  Centre  on  the  same 
road  is  a  more  Northern  synclinal,  and  the  axis  N.  of  it,  or  that  first  S.  of  Newport  Centre, 
expires  at  the  same  road,  and  a  little  W.  of  it,  and  is  the  feeble  axis  of  the  road  from  Dodson's 
Schoolhouse  northward.  It  does  not  go  much  W.  of  Newport  Centre.  All  these  gentle  flexures 
of  the  road  S.W.  of  Newton  Centre  imply  a  rapid  declension  of  Vandermark's  sharp  saddle  and 
basin. 
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Iro7i  Ores,  Lees  Mines,  Nanticoke. — Iron  ore  is  said  to  exist  beneath  tlie  8-feet  coal  in 
three  courses,  within  20  feet  of  slate — 

1  St,  Below  the  coal  20-inch  balls  of  lean  ore. 

2d,  14?  inches  of  stratified  ore,  quality  not  known. 

3d,  6  mches  of  cubical  stratified  ore,  rather  lean. 

The  opening  is  now  closed. 

From  Nanticoke  Westward. — That  portion  of  the  coal-field  which  is  W.  of  the  parallel  of 
Nanticoke  presents  much  complexity  of  structure. 

The  Susquehanna  Eiver  forsakes  the  coal-basin  at  Nanticoke  to  follow  the  deep  trench  in 
the  Umbral  red  shale  between  the  mountains  of  Vespertine  sandstone  and  Serai  conglomerate. 
Suddenly  turning  again  to  the  left  it  crosses  the  W.  end  of  the  coal-field  at  Beech's  Mines, 
leaving  a  small  portion  of  the  trough  on  its  right  bank,  and  escapes  through  the  Southern 
Mountain  into  the  Berwick  Valley. 

T]ie  Nanticoke  Mountain  presents  to  the  river  a  bold  and  nearly  perpendicular  escarpment  of 
outcropping  Umbral  red  shale  and  sandstone.  Its  S.  slope  into  the  basin  for  some  miles  W.  of 
Nanticoke  is  long  and  gentle,  the  result  partly  of  a  general  gentle  dip,  and  partly  of  numerous 
undulations.  This  structure  prevails  as  far  Westward  as  a  notch  in  the  summit  of  the  mountain 
called  Dean's  Gap,  W.  of  which  the  crest  becomes  a  lofty  ridge,  nearly  to  the  river,  where  it 
declines,  and  is  composed  of  the  conglomerate  alone. 

The  Little  Mountain,  the  S.  boundary  of  the  coal-field,  is  broken  in  its  outline  opposite  to 
the  Nanticoke  Gap,  by  a  series  of  gaps,  and  terminates  at  the  Susquehanna  in  a  bold  knob. 

The  central  part  of  the  valley  also  becomes  elevated  and  broken  into  ridges,  the  highest  of 
which  is  known  as  the  Hog-back.  Numerous  streams  descending  from  the  mountains  enter  the 
Coal-measures  :  one  of  these,  Black  Creek,  rises  in  the  valley  between  the  Little  and  the  Wyoming 
mountains,  breaking  through  the  former  mountain  nearly  opposite  to  Schleppy's,  and  flowing 
Westward  ;  it  precipitates  itself  over  a  high  and  bold  ledge  of  the  Serai  conglomerate,  forming 
one  of  the  most  picturesque  scenes  in  this  valley,  celebrated  for  its  beauty. 

One  branch  of  the  Nanticoke  Creek,  usually  called  tlie  Forge  Creek,  rises  a  short  distance 
W.  of  Butter's,  flows  Eastward  along  the  N.  portion  of  the  valley,  and,  uniting  with  another 
branch  of  the  same  stream  coming  from  the  S.,  empties  into  the  Susquehanna  not  far  from  Lee's 
Coal-bed. 

From  Lee's  Mine  southward  to  the  village  of  Nanticoke,  several  coal-beds  have  been  opened, 
the  dimensions  and  distances  between  which  are  given  in  the  following  description,  which  we 
have  illustrated  by  a  cut. 


Natiiicoke  Creek. 


Fig.  292. — Section  from  Lee's,  southward,  at  Nanticoke.— 1  inch  =  600  feet. 


The  uppermost  coal-bed  is  called  5-feet  thick,  but  it  yields  not  more  than  3  feet  6  inches  of 
good  coal  ;  it  dips  15°  S. 

An  interval  of  1000  feet  horizontal  (at  15°  dip)  succeeds  coal,  supposed  to  be  a  thin  bed, 
exposed  in  a  small  run  S.  of  Alexander's  Old  Store.  Interval  of  150  feet  to  a  coal  cropping 
out  on  the  same  run,  passing  a  few  yards  S.  of  the  Blacksmith's  Shop  :  its  thickness  is  unknown. 
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Interval,  50  feet.  Coal,  Thompson's  bed,  dip  25°,  opened  again  near  Forge  Creek,  where  the 
dip  is  12°  S.  10°  E. ;  thickness,  5  feet  at  the  village.  It  contains  coal  1  foot,  slate  4  inches  ; 
coal  3  inches,  slate  1  foot ;  coal  3  to  3-|  feet,  bottom  slate  containing  carbonate  of  iron.  At 
Forge  Creek  a  tunnel  is  driven  to  it,  where  it  reads  thus :  Coal,  slaty,  1  foot ;  coal,  3^  feet, 
separated  by  1  inch  of  slate ;  interval,  100  (?)  feet ;  coal,  bony  vein,  impure,  slaty,  2  (?) 
feet,  thin:  interval;  Mill's  Vein,  impure,  slaty,  2  feet  thin;  interval,  100  feet.  Coal,  Mill's 
Vein,  7  to  8  feet ;  a  good  coal,  burns  freely,  yields  a  white  ash,  has  a  conchoidal  fracture. 
It  runs  S.  of  the  Wilkesbarre  and  Nanticoke  road.  Interval,  including  a  bed  of  carbonate 
of  iron  midway,  80  feet.  Coal,  Blacksmith  Vein,  said  to  be  from  3  to  4  feet  thick ;  crops 
out  115  feet  N.  of  Mill's  Vein,  or  just  N.  of  the  road.  Interval,  80  feet  ;  lower  portion  sand- 
stone, quarried,  dip  20°  S.  10°  E.  Coal,  Tunnel  Vein,  bent  by  an  anticlinal,  and  dips  10° 
in  opposite  directions.  The  flexure  is  not  traceable  to  the  Eastern  or  Western  bed,  overlaid  by 
slate.  Interval,  35  feet.  Coal,  Forge  Vein,  6  feet  opened  on  the  Creek;  dip  15°  S.  10°  E. 
How  far  the  lower  great  bed  (Lee's)  may  lie  below  the  Forge  Bed  is  not  certainly  known.  If 
the  horizontal  distance  between  their  outcrops  be  called  300  yards,  and  the  dip  of  Lee's  Vein, 
12°,  be  made  an  average  (the  rocks  of  the  interval  supposed,  of  course,  to  dip  regularly),  the  one 
will  underlie  the  other  by  188  feet ;  if  an  average  dip  of  10°  be  preferred,  156  feet.  Unknown 
flexures,  however,  may  exist,  and  then  they  will  approximate  still  more  closely.  By  this  sup- 
position the  Mill  Bed  falls  naturally  into  the  position  occupied  by  the  Baltimore  Vein  in  the 
series  of  beds  ;  that  is,  from  350  to  400  feet  above  the  Serai  conglomerate. 

Along  the  Northern  side  of  the  valley  few  openings  had  been  made  up  to  the  year  1840,  at  the 
date  of  our  first  explorations  ;  nor  have  any  important  mines  been  established  since.  About  1-g 
miles  from  Lee's  Mine,  at  the  base  of  Nanticoke  Mountain,  Mr  Holland  had  partially  opened  a 
large  vein,  12  or  14  feet  thick,  which  seemed  identical  with  Lee's.  Michael  Go wer  had  opened 
a  vein,  7  feet  in  thickness,  in  the  side  of  the  Eiver  Mountain.  Philip  Haupt's  Bed  is  also  a  7-feet 
vein,  and  is  probably  the  same  as  Gower's. 

Michael  Steinmetz  had  entered  a  coal-bed  in  the  valley  not  far  from  the  base  of  the  Eiver 
Mountain,  and  a  short  distance  E.  of  the  general  section  made  at  Schleppy's.  It  is  5-g  feet 
thick.  John  Vendewert  had  also  opened  a  vein  of  nearly  the  same  thickness,  and  only  a  short 
distance  from  the  former.    The  two  openings  are  probably  on  the  same  vein. 

A  general  section  made  across  the  valley  at  Schleppy's,  5  miles  W.  of  Nanticoke,  embraces 
several  good  beds  of  coal. 


BlWT. 


Fig.  293. — Section  across  the  Wyoming  Coal-basin,  5  miles  W.  of  Nanticoke,  or  through  Schlepp;fs. — 1  inch  =  2000 /«e<. 


The  summit  of  the  Nanticoke  Mountain  is  occupied  by  the  alternations  of  the  Serai  con- 
glomerate and  the  high  beds  of  Umbral  sandstone  and  shale  :  only  its  Southern  brow  exhibits 
the  coarse  main  mass  of  conglomerate.  Upon  the  slope  the  Coal-measures  appear  with  gentle 
dips :  Miller's  Bed  dips  20°  S.,  opened  at  a  considerable  distance  from  the  summit,  and  is  said 
to  be  7  feet  thick  ;  its  position  in  the  series  could  not  be  ascertained.  From  Miller's  coal  to  the 
beds  of  the  Hog-back  the  exposures  are  few  ;  but  the  dips  observed  show  that  there  are  several 
flexures. 
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The  Hog-hack. — Forge  Creek  breaks  through  the  ridge,  and  finely  exposes  the  strata  in  the 
gap.  The  following  vertical  section  exhibits  the  number  and  thickness  of  the 
beds :  The  upper  coal,  called  the  Thornton  Vein,  dips  35°  N.,  and  is  said  to  be  9 
feet  thick.  The  next  vein  to  the  S.,  80  or  90  feet  below  the  Thornton,  is  a 
coal  which  has  not  been  sufficiently  developed  ;  only  5  feet  ©f  it  were  seen.  The 
next  vein,  called  the  Perpendicular  Vein,  measures  from  12  to  1 6  feet  in  thick- 
ness ;  it  is  exposed  on  both  sides  of  the  creek.  On  the  W.  side  this  coal 
measures  16  feet,  and  is  apparently  less  crushed  than  on  the  E.  side.  Under 
this  bed  occurs  a  hard  coarse  carbonaceous  sandstone,  45  feet  thick  ;  then  a  coal- 
bed,  from  6  to  1 2  inches  ;  then  slate,  9  feet ;  under  this  a  band  of  impure  iron-ore, 
nearly  2  feet  thick ;  then  dark  coarse  carbonaceous  sandstone,  22  feet. 
Below  this  the  strata  to  the  next  coal-bed  are  not  w^ell  seen.  The  next  coal- 
bed  was  insufficiently  opened,  but  exhibited  5  feet  of  coal. 

Server's  Vein  lies  17  feet  below  the  last,  and  is  from  6  to  8  feet  thick.  Its 
coal  is  somewhat  crushed,  being  near  the  flexure.  A  short  distance  below  it 
lies  another  bed,  said  to  be  3  feet  thick.  The  entire  thickness  of  coal-measures 
embraced  in  this  section  is  about  36  feet.    The  Perpendicular  Vein,  so  called,  fig.  294  — Hog-Back,  a 

_i  ,  _         . .       - ,  miles  W.  of  Nanticoke. 

may  possibly  be  the  same  bed  as  Server  s  and  Holland  s. 

Proceeding  Southward  with  the  section.  Server's  coal-bed  by  a  roll  turns  to  a  S.  dip  of  20°, 
rising,  however,  again  at  a  short  distance  with  a  gentle  N.  dip.  Beyond  this  a  great  extent 
of  surface  Southward  exhibits  no  exposures,  but  doubtl^s  contains  a  synclinal  trough  simple 
or  complex,  in  the  N.  portion  of  which  the  Hog-back  beds  may  descend  and  rise  again,  dip- 
ping Northward.  Here  is  seen  a  bold  bluff  formed  by  the  outcrop  of  a  coarse  pebbly  sandstone. 
Beneath  it  appears  a  coal-bed,  which  may  be  the  great  bed.  Some  distance  farther  S.,  and 
almost  on  the  axis  of  the  anticlinal  that  separates  this  synclinal  from  the  next,  or  that  which 
runs  along  the  foot  of  the  Little  Mountain  there,  is  seen  another  coal-bed,  and  farther  on,  and 
among  S.  dips,  a  thin  bed  of  iron  ore.  A  bold  ledge  then  succeeds  facing  the  N.,  and  corresponding 
to  that  last  described,  containing  the  outcrop  of  a  coarse  pebbly  sandstone,  with  that  of  the  great 
coal-bed  at  its  foot.  Still  farther  up,  this  rock  forms  a  high  hill  capped  with  sandstone,  behind 
the  summit  of  which  is  an  upper  bed  of  coal,  at  the  old  turnpike  road,  lying  cramped  in  the  very 
axis  of  the  synclinal  trough.  From  this  point  Southward  up  the  long  slope  of  the  Little  Moun- 
tain, the  rocks  crop  out  with  a  very  steep  N.  dip.  First  is  seen  the  final  outcrop  of  the  great 
bed  12  or  14  feet  thick,  with  a  slate  near  the  middle,  and  beneath  it  a  massive  sandstone.  No 
more  coal-beds  are  visible  between  this  line  and  the  conglomeritic  strata  which  form  the  upper 
slope  and  summit  of  the  mountain,  on  the  S.  side  of  which  vertical  precipices  overhang  the 
narrow  valley  of  Umbral  red  shale. 

From  this  general  section,  it  is  apparent  that  the  strata  of  the  basin  are  much  disturbed  or 
undulated.  The  coal-opening  made  by  Holland  for  the  Wyoming  Coal  Company,  near  the  base 
of  the  mountain,  and  the  outcrop  of  the  great  bed  (Knoop  and  Stiver's),  dip  S.  into  the  mountain. 

In  consequence  of  the  upturning  in  the  strata,  this  great  bed  has  been  spread  over  a  consi- 
derable surface.  Koker's  bed.  is  opened  a  short  distance  E.  of  our  principal  section  on  the  S. 
dip  of  its  synclinal  roll ;  the  bed  itself  exhibits  some  disturbance. 

Krupp's  coal-drift  is  perhaps  half  a  mile  E.  of  Koker's,  and  in  the  same  position,  near  the  foot 
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of  the  Little  Mountain.  Its  clip  is  to  the  S.W.,  about  14°  on  the  N.  side  of  the  synclinal 
trouo;h. 

The  Wyoming  Coal  Company  opened  this  large  bed  in  two  places  along  the  base  of  the  Little 
Mountain.  One  of  these  is  not  far  to  the  Eastward  of  Cooper's,  though  it  lies  a  little  further  to 
the  S.,  or  nearer  the  mountain.  Wliere  the  drift  enters  the  bed  it  is  horizontal,  and  continues  so 
for  200  feet,  when  it  rises  with  a  N.  dip,  which  increases  to  55°toAvards  its  outcrop  on  the  flank 
of  the  rido-e. 

The  thickness  of  this  coal-bed,  roughly  measured,  is  18  or  19  feet  :  its  character,  as  well  as  it 
could  be  ascertained,  is  as  follows  : — 

Coal,  8  or  9  feet,  good  quality,  slate  2  feet ;  coal,  2  feet  9  inches,  good ;  coal  9  inches,  slaty  ; 
coal,  1  foot  10  inches,  good  ;  slate  and  dirty  coal,  1  foot  10  inches  ;  coal,  2  feet  9  inches,  under 
slate ;  coal  and  Stigmaria.  Near  the  entrance  to  the  drift  the  upper  portion  of  the  vein  was  dis- 
tinctly seen,  where  it  presents  8  or  9  feet  of  excellent  coal.  Farther  to  the  Eastward,  in  a  corre- 
sponding position,  Holland's  second  opening  occurs.  It  has  been  entered  by  a  tunnel.  Eocks 
are  observed  in  a  ledge  100  feet  or  so  in  front  or  N.  of  the  tunnel,  dipping  35°  N.  In  the 
tunnel  the  dark-grey  coarse  sandstone  at  its  entrance  rises  at  first  into  N.  dips,  but  gradually  falls, 
and  rolls  over  to  the  S.  The  coal-bed,  where  entered  by  the  tunnel,  dips  gently  to  the  S.  If  the 
tunnel  were  driven  farther  in,  the  vein  would  doubtless  be  again  intersected  where  it  rises  with 
a  N.  dip  to  its  outcrop  on  the  mountain's  side. 

About  200  yards  E.  of  the  latter  opening,  in  a  ravine,  several  coal-beds  were  observed 
evidently  underlying  the  large  bed. 

The  first  bed  in  the  section  on  a  line  with  the  tunneled  bed  just  described  was  nearly  hori- 
zontal, inclining  perhaps  a  little  to  the  S.,  then  gradually  rising  till  it  outcrops  on  the  bench 
that  skirts  the  mountain.  The  strata  continue  rising  with  a  N.  dip  of  50°,  constituting  a  fine 
exposure  of  rather  flaggy  sandstone,  underneath  which  is  a  coal-bed,  of  a  thickness  unknown. 
Under  the  coal  vein  occur  G  feet  of  compact  slate,  succeeded  by  a  heavy  mass  of  sandstone,  from  35 
to  40  feet  in  thickness,  with  an  average  dip  of  20°.  It  is  a  coarse  grey  rock,  fuU  of  small  pebbles. 
A  few  feet  of  slate  succeeds,  then  a  band  of  iron  ore  10  inches  in  thickness,  apparently  of  good  qua- 
lity. A  thin  seam  of  coal  underlies  the  ore ;  slate  next  appears,  embracing  several  thin  bands  of  ore, 
followed  by  a  coal-bed  feet  thick,  and  reading  thus  :  Coal,  impure,  from  6  to  12  inches  ;  slate, 
1 4  feet  ;  coal,  2  feet ;  slate,  6  or  7  inches ;  coal,  4  feet,  generally  good,  but  slaty  in  the  middle. 
The  bed  dips  about  30°.  N.  It  is  underlaid  by  sandstone,  then  a  little  slate,  when  suddenly  at 
a  waterfall  the  strata  dip  steeply  S.,  nearly  vertically.  Underlying  the  main  mass  of  sandstone 
which  forms  the  falls,  there  occurs  a  vein  of  coal,  rather  crushed,  about  7^  feet  thick.  Evidence  of 
another  seam,  perhaps  thin,  is  observed  20  feet  N.  of  it.  From  this  point  up  the  ravine  nothing 
farther  could  be  seen,  and  the  rest  of  the  section  is  completed  from  the  few  exposures  in  the  side 
of  the  mountain. 

Tracing  the  large  vein  Eastward,  it  appears  again  at  Stiver's  Bed,  at  the  base  of  the  Little 
Mountain,  nearly  opposite  Nanticoke.  Its  dip  is  S.  about  15°  into  the  mountain,  corresponding 
in  position  to  the  opening  above  described.  Further  up  the  mountain  it  crops  out,  with  a  dip 
of  30°  N.,  from  which,  to  the  summit  of  the  mountain,  the  dips  gradually  increase,  becoming 
70°  in  the  Serai  conglomerate.  At  the  old  opening,  a  fourth  of  a  mile  S.  of  Mr  Lyon's  house,  it 
reads  thus  (top  slate,  from  20  to  25  feet)  : — 
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Coal,  crushed,  4  inches  ;  checkered,  1 1  inches  ;  slate,  one-eighth  of  an  inch, 

Coal,  1 1  inches  ;  slate,  one-eighth  of  an  inch  ;  coal,  1 1  inches  ;  slate,  one-eighth  of  an  inch. 

Coal  dirt,  with  thin  seams,  18  inches ;  slate,  1  inch. 

Coal,  8  inches  ;  slate,  Sg-  inches. 

Coal,  22  inches,  dirty  ;  pure,  12  inches  ;  slate,  4  inches. 
Coal,  33  inches  ;  slate,  1  inch. 
Coal,  10  inches ;  slate,  3  inches. 
Coal,  32  inches  ;  slate,  2  to  3  inches. 
Coal,  26  inches ;  bottom  slate? — 18  feet. 

West  of  the  section  made  at  Schleppy's,  the  only  veins  mined  to  any  extent  were 
those  opened  by  Mr  Henry  Colt  of  Wilkesbarre,  for  the  Philadelphia  Company,  about  3 
mUes  from  Schleppy's,  or  one  mile  W.  of  Mr  Dulter's.  The  valley  gradually  contracts  in 
breadth,  and  the  Coal-measures  lessen  in  thickness,  and  the  conglomerate  occasionally  makes  its 
appearance  in  the  floor  of  the  valley.  One  of  Mr  Colt's  openings  is  at  the  foot  of  the  Nanticoke 
or  Eiver  Mountain,  and  has  a  thickness  of  nearly  1 6  feet ;  it  is  undoubtedly  identical  with  Lee's. 
The  following  is  the  character  of  the  vein,  so  far  as  it  has  been  developed  (the 
drift  has  only  been  driven  in  for  a  short  distance)  : — Coal,  not  mined,  5  feet ;  Coal, 
4  feet  6  inches  ;  slate,  6  inches  ;  Coal,  4  feet  6  inches. 

Over  the  vein  occurs  a  greyish  micaceous  sandstone  for  2  feet,  surmounted  by 
a  great  mass  of  a  very  coarse  grey  sandstone. 

A  large  bed  of  coal,  13  feet  thick,  was  opened  by  Mr  Colt  at  the  S.  base  of  the 
ridge  called  the  Hog-back.    Black  Creek  flows  between  this  ridge  and  the  Little       295.— Coit's 

o  iD  is  Coal. 

Mountain.    The  coal-seam  lies  under  a  heavy  mass  of  coarse  sandstone,  similar  in 

appearance  to  the  rock  overlying  the  large  1 6-feet  bed,  with  which  there  is  every  reason  to  believe 

it  identical. 

Above  the  13-feet  vein  in  the  Hog-back  (distance  not  known)  occurs  another,  about  6  feet 

Little  Mountain, 

The  following  section,  made  half  a 
mile  W.  of  the  preceding  opening,  on 

a  line  running  S.  from  Black  Creek,  wfll  296.-Contortions  in  Little  Mountain,  E.  of  Susquehanna  Eiver. 

show  the  contorted  character  of  the  strata  of  the  Little  Mountain. 

West  of  the  mines  of  the  Philadelphia  Company,  as  far  as  the  river,  few  beds  have  been 
opened.  The  large  vein  has  probably  been  struck  in  one  locality,  200  yards  from  the  river  : 
here  it  is  about  8  feet  thick. 

In  the  valley  at  Black  Creek  Falls  the  conglomerate  appears,  and  the  section  (fig.  296) 
showing  the  structure  will  at  the  same  time  exhibit  the  shallowness  of  the  Coal-measures. 

About  a  mile  eastward  of  the  section  at  Schleppy's  house,  Mr  Kreemer  has  exposed  a  vein  of 
coal  3  feet  thick,  and  higher  up  the  same  stream  has  made  a  boring  into  a  large  vein  of  coal, 
from  8  to  9  feet  in  thickness.  From  this  point  a  section  to  the  summit  of  the  Eiver  Mountain 
strikes  the  top  of  the  mountain  at  a  large  exposure  of  massive  strata,  known  as  the  Big  Eocks, 
E.  of  the  notch  called  Dean's  Gap. 

Houpt's  bed,  to  the  W.  of  the  last  section,  dips  1.5°  or  20°  S.,  and  corresponds  in  position  to 
the  bed  reached  in  Kreemer's  boring.  A  gentle  undulation  occurs  to  the  N.  of  it,  which  passes 
also  N.  of  Beattie's,  at  the  gap.    The  bed  may  be  traced  W.,  and  will  probably  be  found  under 
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Fiu.  297  (i).  Fig.  297  (a). 


a  ledge  of  rock  S.  of  Mr  Beattie's,  where  the  Serai  conglomerate  is  near  enough  to  prove  that  the 
bed  is  low  in  the  series  of  the  Coal-measures. 

Coal-Basin  W.  of  tlie  Susquehanna. — A  few  miles  W.  of  the  Susquehanna  the  termination 
of  the  Little  Mountain,  or,  as  it  is  here  called,  the  Stony  Ridge,  unites  with  the  Nanticoke 
Mountain  in  a  bold  knob.  The  Coal-measures  remaining  on  the  Serai  conglomerate  are  thin, 
and  cannot  embrace  more  than  two,  or  at  the  utmost  three,  distinct  beds  ;  and  these,  owing  to 
the  highly-disturbed  condition  of  the  strata,  must  be  in  a  considerable  degree  crushed  and  faulty, 
as  at  Nathan  Beach's  Mines,  at  the  base  of  the  mountain,  rising  from  the  river.  Along  the 
River  Road  the  Umbral  red  shales  are  well  exposed  in  a  shallow  double  synclinal  flexure. 

The  central  elevation  here  is  called  the  Southern  Hog-back.  As  we  ascend  the  face  of  the 
stony  ledge,  the  dip  of  the  conglomerate  rocks  increases,  being  at  Beach's  upper  drift  35°  N.  The 
coal-bed  opened  here  is  so  crushed  that  its  true  thickness  could  not  be  properly  estimated. 

About  100  feet  from  Beach's  up- 
^^>^  -^^-^^    ^        per  opening,  to  the  N.,  there  occurs 

a  sharp  roll  (diagram  «),  in  tracing 
which  up  to  the  top  of  the  mountain, 
the  dips,  especially  the  N.,  are  seen 
to  increase,  becoming  70°,  and  the 
whole  flexure  is  sharply  broken,  as  in 
the  sketch  6  ;  the  rocks  are  coarse-grained  pebbly  sandstones,  and  perhaps  underlie  the  coal.  The 
flexure  is  traceable  some  distance  W.  As  we  proceed  toward  the  termination  of  the  coal-field  these 
flexures  appear  more  frequently,  and  the  strata  everywhere  exhibit  evidence  of  great  disturbance. 

The  Serai  conglomerate  is  sometimes  observed  far  down  the  flank  of  Stony  Ridge.  The  Ves- 
pertine shales  occasionally  occupy  the  entire  summit  of  the  Nanticoke  Mountain.  The  strata  of 
Stony  Ridge,  or  the  S.  rim  of  the  terminal  basin,  are  evidently  more  disturbed  and  contorted 
than  those  of  the  Nanticoke  Mountain,  forming  its  N.  dip  ;  and  this  is  true  of  the  "Wyoming 
Basin  as  far  E.  as  Wilkesbarre. 

The  following  section,  made  about  a  mile  W.  of  the  river,  shows  the  numerous  undidations 
in  which  the  basin  ends.    Here  Stony  Ridge  or  Little  Mountain  is  entirely  occupied  by  the 
„   „,  Serai  conolomerate  and  over- 

Rivtr  Mt.  O 

smcc^innyMi.  .  —    ^  "  V^^S    ^^^^ '  mcasures  ;  the 

^^w^d^-:'    former  appearing  in  a  most 

-hectiou  ucross  the  Cual-basin  at  its  Western  End.  UUUSUal  plaCC  that  is,  UCarly 

in  the  bed  of  the  valley.  Whenever,  on  the  N.  side,  the  Umbral  shales  spread  over  the  entire 
summit  of  the  Nanticoke  Mountain,  the  Coal-measures  extend  in  a  succession  of  waves  over  the 
intervening  space.  Coal  has  been  opened  by  Mr  Jamieson  on  the  line  of  section,  but  cannot 
occur  much  further  W. 

The  flexures,  short  and  sharp,  which  have  been  so  often  described,  also  occur  beyond  the 
limits  of  the  coal.  One  such  is  seen  at  the  falls  of  the  Shickshinny  Creek,  in  the  rocks  of  the 
Vespertine  sandstone. 

Iron  Ores. — Among  the  Coal-measures  of  the  Wyoming  Basin,  beds  of  ii'on  ore  of  proper 
size  for  mining  have  not  been  discovered  ;  occasionally  thin  beds  are  found,  but  not  of  suflicient 
thickness  to  be  valuable.    The  only  iron  ore  as  yet  mined  to  any  extent  occurs  in  the  rocks 


BETWEEN  THE  KIVER  AND  THE  SHAWNEE  MOUNTAIN. 


405 


underlying  the  Serai  conglomerate.  The  mines  have  been  opened  on  the  S.  side  of  the  Lacka- 
wanna Valley,  about  6  miles  above  Pittston.  The  ore  is  found  near  a  little  stream  called  the 
Meadow  Kun,  which  empties  into  Eoaring  Brook.  Its  position  is  in  the  greenish  buff  sandstones 
marking  the  transition  from  the  Vespertine  shales  to  the  Serai  conglomerate.  These  strata  must 
be  here  of  considerable  thickness  ;  the  Vespertine  red  shale  is  not  apparent  near  the  mines. 

The  ore,  interstratified  with  the  sand-rocks,  dips  more  than  10°  N.W,  The  thickness  of  the 
vein  varies  ;  in  one  drift,  near  the  entrance,  it  was  1^  feet  thick,  increasing  to  2  ;  in  higher 
drifts  its  thickness  was  3  feet,  increasing  even  to  4.  Above  the  ore  is  fire-clay,  in  which,  in 
some  places,  are  found  imbedded  large  balls  of  ore,  through  a  thickness  of  perhaps  1  foot. 

An  impure  limestone  is  found  not  far  from  the  ore,  in  the  same  series  of  rocks. 

(For  a  more  precise  description  of  this  iron  ore,  see  account  of  the  Iron  Ores  of  the  vicinity 
of  Scranton,  p.  357  of  this  volume.) 

CHAPTER  VI. 

WYOMING,  KINGSTON,  AND  PLYMOUTH  DTSTEICT. 

The  last  district  of  the  coal-field  which  remains  to  be  described,  is  that  embraced  between 
the  Shawnee  Mountain  and  the  river  Susquehanna,  from  its  entrance  into  the  basin  at  the 
mouth  of  the  Lackawanna,  to  its  exit  at  the  Nanticoke  Notch.  More  than  one-half  of  the  area 
of  the  Coal-measures  included  within  this  district  is  occupied  by  a  deep,  and  hitherto  an  almost 
unpenetrated,  superficial  stratum  of  diluvial  drift,  the  depth  of  which  has  been  probed  only  in  one 
or  two  spots.  In  the  present  unexplored  condition  of  this  large  and  valuable  portion  of  the  basin, 
it  would  be  idle  to  attempt  any  conjectures  respecting  its  underground  structure,  or  the  positions 
of  the  coal  strata  within  it,  beyond  perhaps  the  inference  that  several  of  the  more  persistent  and 
bolder  anticlinal  undulations  of  the  Pittston  district  to  the  S,  of  it  must  penetrate  it,  or  even 
nearly  cross  it,  before  they  altogether  expire.  From  a  study  of  the  structure  of  the  Pittston 
district,  we  are  perhaps  warranted  in  assuming,  moreover,  that  the  coal  strata  beneath  these  Hats 
are,  on  the  whole,  less  undulated  or  distm-bed  than  in  the  district  S.  of  the  river,  between  the 
Lackawanna  and  Wilkesbarre. 

The  anticlinals  which  do  exist  are  probably  prolongations  of  those  of  the  Pittston  district, 
and  not  of  the  set  emanating  from  the  N.  side  of  the  valley. 

At  what  depth  the  Coal-measures  are  to  be  reached  below  the  surface  of  these  Wyoming  and 
Kingston  flats  remains  to  be  ascertained,  but  borings  now  in  progress  and  in  contemplation 
will  soon  settle  this  question.  I  deem  it  probable  that  the  drift  stratum  has  in  many  places,  if 
not  generally,  a  thickness  of  at  least  100  feet. 

I  pass  now  to  the  consideration  of  the  structure  of  that  part  of  the  district  which  lies  between 
the  diluvial  flats  and  the  conglomerate  border  of  the  Coal-measures  on  the  Shawnee  Mountain. 

MonocUnal  South-dipjnng  Belt  of  Strata  between  the  Pittston  Gap  andHertzq^ sIIoUoiv. — This 
is  a  narrow  strip  of  Coal-measures  in  but  few  places  exceeding  half  a  mile  in  breadth,  extending 
from  the  edge  of  the  flats  at  the  foot  of  the  mountain  to  the  final  outcrop  of  the  Coal-measures 
which  rise  to  various  elevations  on  the  mountain,  dependent  on  the  local  erosion  of  its  surface. 
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This  mountain-limit  of  the  coal  recedes  gradually  from  the  flats  as  we  advance  W.,  being  not 
more  than  a  fourth  of  a  mile  N.  of  them  opposite  Pittston,  and  about  three-fourths  of  a  mile  as 
we  approach  Kingston.  The  actual  line  of  outcrop  traced  in  detail  will  be  found  to  be  an 
undulating  or  scolloped  line,  sweeping  highest  on  the  mountain  in  the  space  midway  between 
each  cross  ravine,  and  descending  both  ways  to  a  point  into  each  notch  or  hollow. 

We  have  defined  this  belt  as  one  of  monoclinal  structure,  and  such  it  essentially  is,  no 
notable  undulations  occurring  within  it ;  nevertheless  there  are  probably— more  especially 
towards  its  W.  limit — some  very  gentle  undulations  of  the  dip,  scarcely  amounting  to  an  actual 

^.  reversal  in  direction,  but  merely  to  a  flattening  of  the  prevailing  S.  pitch. 

^^B"  "  °  These  will  manifest  themselves  hereafter,  in  the  progress  of  mining. 
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Fig.  300. 
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Fig.  299.— Column  of 
Coal-meas\ires  visible 
in  Shoemaker's  Ra- 
vine, N.  of  Kingston. 


OF  THE  COAL-BEDS  HITHEETO  DISCOVEEED  IN  THIS  BELT. 

The  accompanying  vertical  section,  compiled  chiefly  from  observation  in  the 
ravme  N.  of  Kingston,  and  along  the  mountain  to  Hertzofi"'s 
Hollow,  represents  what  is  at  present  know^n  respecting  the 
coal-seams  of  this  belt.  Those  represented  hypothetically  toward 
the  base  of  the  column  were  opened  many  years  ago  on  Toby 
Creek  by  Mr  Eaub.  They  are  represented  under  their  most 
favourable  thicknesses  in  the  cut,  (Fig.  299.) 

Excepting  these  lower  seams,  which  occupy  a  position  low 
down  in  the  series,  our  section  represents  only  three,  or  at 
most  four,  seams  of  valuable  thickness,  and  the  range  of  these 
is  such,  that  they  have  not  yet  been  mined  very  extensively.    They  were 
observed  many  years  ago,  when  freshly  opened,  in  Shoemaker's  Ravine. 

The  two  upper  workable  seams,  dipping  about  35°  S.,  are 
subdivided  as  follows  : — 

Coal,  6  feet  6  inches  ;  black  slate,  12  inches. 
Coal,  6  inches. 

Coal  and  carbonaceous  shale,  2  feet ;  black  slate,  2  feet. 
Coal,  1  foot ;  shale,  2  feet. 
Coal,  5  to  6  feet. 

On  the  other  side  of  a  narrow  synclinal  trough  there  is  a  change  in  the 
intervening  measures,  as  the  section  will  illustrate. 

The  poverty  of  workable  coal-seams  in  the  lower  part  of 
the  formation  is  quite  striking  ;  the  more  so,  w^hen  we  contrast 
it  with  the  abundant  size  of  the  great  coal-stratum  in  the  same 
horizon,  traceable,  as  we  shall  see,  from  Nanticoke  Gap  almost 
to  Hertzoff"s  Hollow,  and  when  we  advert  to  the  magnitude  of 
the  lower  beds  on  the  opposite  side  of  the  basin  S.  of  Wilkes- 
barre.  It  is  only  to  be  explained  by  supposing,  what  so  many 
facts  in  the  comparative  geology  of  the  lower  Coal-measures 


Fig.  301.— Coals  in  Shoe- 
maker's Ravine. 


Fig.  302. 


suggests,  that  the  main  great  bed,  in  its  distribution  N.,  either  becomes  rapidly 
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exhausted  by  actual  thinning,  or  subdivides,  and  loses  its  identity,  by  the  parting  asunder  of  the 
several  tiers  or  benches  which  constitute  it  a  compound  mass,  where  it  is  thick-       i^g^^  ^  ^ 
est.    If  our  identification  be  correct,  the  mass  of  coal  and  slate  represented  in    °  ^  ly^^a^^^j"  ^  ^ 
the  section  as  15  feet  thick,  and  analysed  in  the  accompanying  woodcut,  is  a  i 
confirmation  of  this  view.  o 

In  like  manner  the  large  Plymouth  Bed,  traced  E.  to  Toby  Creek,  seems  to  ° 
have  dwindled  down  to  no  more  than  9  or  10  feet. 

Iron  Ores. — In  Hertzofi"'s  Hollow,  or  the  gap  N.  of  Kingston,  and  in  the 
Vespertine  series,  between  500  and  600  feet  below  the  Serai  conglomerate,  two  bands  of  iron 
ore  have  recently  been  developed.  They  are  included  within  a  mass  of  olive  ferruginous  shale, 
which  occupies  the  interval  between  two  heavy  ledges  of  conglomeritic  sandstone.  The  ore 
is  black,  ponderous,  and  very  silicious  ;  indeed,  the  mass  might  be  termed  a  fine  conglomerate, 
the  pebbles  of  which  are  cemented  together  by  the  ferruginous  paste  that  constitutes  the  ore. 
As  thus  far  proved,  the  upper  bed  measures  from  2  to  3  feet,  and  the  lower  upwards  of  4.  They 
are  separated  by  5  feet  of  hard  rock.  From  the  irregularity  of  shale  floor  and  roof,  the  thick- 
ness of  the  bands,  it  is  thought,  will  prove  variable. 

Limited  quantities  of  the  ore  have  been  transported  to  Danville,  and  smelted  with  profit. 

The  Plymouth  Belt,  or  that  extending  from  Kingston  to  Nanticoke  Notch. — In  the  interesting 
division  of  the  coal-field  now  before  us,  the  maximum  breadth  of  which  at  Koss  Hill  a  little 
exceeds  one  mile  and  a  half,  we  have  a  district  remarkable  for  the  gentleness  of  its  dips,  and 
consequently  for  the  long  breasts  of  coals  which  it  includes  above  the  water-levels  of  its  intersect- 
ing valleys.  It  embraces  some  seven  or  more  discernible  anticlinal  undulations,  two  of  which 
are  long,  and  rather  conspicuous  ones  ;  but  the  influence  of  even  these  is  trivial  in  interrupting 
the  very  general  prevailing  Southward  inclination  of  the  strata.  This  gentle  dip  of  the  Coal- 
measures  towards  the  river  permits  the  working  of  long  breasts  of  coal  towards  the  mountain, 
and  facilitates  greatly  the  transport  of  the  coal  over  gently-descending  grades,  and  allows  it  an 
outlet  by  tunnels  to  the  adjacent  navigation  :  it  is  a  feature  in  the  structure  of  this  district  which 
confers  upon  it  almost  pre-eminent  mining  advantages,  reminding  us,  on  a  small  scale,  of  the 
facilities  enjoyed  by  many  portions  of  the  great  basin  of  South  Wales,  the  largest  coal-field  of 
Great  Britain. 

I  proceed  to  define  the  situation  of  the  flexures  hitherto  detected  in  this  district. 

Undulation  a  of  Belt  20,  or  Plymouth  District. — This  is  a  local  undulation  in  the  strata, 
visible  near  the  intersection  of  the  road  leading  N.W.  from  Kingston,  over  the  mountain,  and 
Schupp's  Creek.  It  is  marked  by  decided  N.  dips,  visible  on  the  road  as  we  commence  the 
ascent  of  the  mountain  N.  of  the  stream,  the  inclination  amounting  to  perhaps  20°.  This  is  soon 
foUowed,  however,  by  the  prevailing  S.  dip,  as  we  enter  the  strata  which  include  the  two  lowest 
coals,  or  Hoyt  and  Jaquish's  ;  it  is  therefore  obvious  that  the  flexure  is  one  of  trivial  influ- 
ence. How  far  it  extends  E.  and  W.  of  the  road  cannot  be  ascertained  till  mining  develops  it 
farther.  So  extensive  is  the  covering  of  drift  upon  the  hills  of  this  side  of  the  valley,  that  the 
tracing  of  these  lesser  axes  by  merely  surface-marks  is  an  almost  impracticable  task. 

Anticlinal  b  of  Belt  20,  or  that  of  Gaylord's  Mine  on  Pine  Swamp  Run. — The  next  flexure 
which  arrests  our  attention  in  this  part  of  the  coal-field  is  a  flat  undulation,  visible  just  at  the 
mouth  of  the  old  Cooper  Mine  (now  Gaylord's).    This  lies  a  short  distance  within  the  mine. 
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and,  as  it  is  subsiding  Eastward,  has  the  effect  of  curving  the  gangway,  which  is  now  running 
N.E.  out  of  its  proper  course,  somewhat  more  Eastward,  and  then  back  again.  Its  effect,  how- 
ever, is  trivial. 

Anticlinal  c  of  Belt  20. — About  500  feet  S.  or  S.E.  of  the  mouth  of  Gaylord's  Mine,  another 
rather  more  considerable  flexure  crosses  the  same  valley,  between  Gaylord's  Mine  and  Levy  and 
Patton's.  The  effect  of  this  is  to  lift  out  the  upper  or  Cooper  coal  of  the  neighbourhood  from 
below  the  water-level  of  the  stream,  and  to  produce  the  N.  dips  a  little  in  front  of  Gaylord's 
Mine.  Some  vestiges  of  this  anticlinal  are  discernible  on  the  by-road  leading  from  the  mines  to 
the  road  running  N.  W.  from  Kingston.  We  detect  this  anticlinal  to  the  Westward  of  the  stream 
in  Levy  and  Patton's  Mine,  not  far  from  their  old  gin-slope,  where  its  effect  is  to  elevate  the 
Bennet  or  Patton  Coal,  that  next  beneath  the  Cooper  bed,  almost  to  the  surface. 

Flexure  d,  or  that  of  the  Mouth  of  Levy  and  Patton  s  Tunnel. — A  trivial  flexure  occurs  just 
within  the  mouth  of  Levy  and  Patton's  tunnel,  producing  a  perceptible  dip  Northward  in  the 
strata  ;  of  the  extent  and  the  effects  of  this  we  know  very  little. 

Anticlinal  e,  or  that  of  Wadhams  Mine. — We  have  next  to  consider  a  flexure  of  more  length 
and  apparent  importance  than  the  four  above  enumerated.  It  is  one  which  seems  to  come  off, 
like  the  others,  obliquely  from  a  high  point  on  the  flank  of  the  mountain,  and  is  traceable  in  a 
straight  course  for  some  two  miles  as  far  Eastward  as  the  cross  road  leading  from  Schupp's 
Creek  northward  towards  the  mines.  This  axis,  nowhere  accompanied  by  steep  dips,  is  barely 
discernible  on  the  cross  road  mentioned,  and  seems  as  if  this  were  its  commencement  or  termi- 
nation. It  is  seen  in  its  greatest  distinctness  on  the  little  stream  which  flows  by  Wadham's 
Mine,  N.  of  Plymouth,  and  again  on  Smith's  Creek  farther  Westward.  At  Wadham's,  the  whole 
breadth  occupied  by  the  flexure  is  very  small,  its  N.  dips  not  occupying  a  space  of  more  than 
100  feet,  and  20°  or  30°  being  the  extent  of  the  N.  dip  ;  from  which  it  may  be  seen  that  the 
effect  of  this  upward  flexure  of  the  rocks  on  the  distribution  of  the  coal  is  trivial.  It  neverthe- 
less has  the  effect  of  separating  the  first  outcrop  of  the  Cooper  or  Orchard  Bed  from  the  lower 
outcrop  of  the  same  seam,  worked  at  present  by  Wadham  in  the  basin  N.  of  it  on  its  second 
Northward  rise. 

On  Smith's  Creek  this  axis  is  somewhat  more  conspicuous.  It  there  embraces  a  double  wave, 
a  Southern  and  wide  undulation,  apparently  the  principal  one,  and  a  Northern  and  sharply  com- 
pressed flexure,  showing  both  dips  with  a  steepness  of  80°  over  a  very  narrow  space. 

The  effect  of  this  anticlinal  on  Smith's  Eun  is  to  lift  out  what  is  there  called  the  Eeynold's 
Coal,  or  the  seam  next  above  the  great  lowest  bed,  or  that  of  Smith's  Mine,  and  to  leave  it  no 
space  to  basin  again  farther  N.  This  Eeynold  Coal,  being  apparently  the  equivalent  of  the  Ben- 
nett or  Patton  Coal,  or  the  seam  next  under  Wadham's — the  equivalent  of  the 
Cooper  or  Orchard  bed — it  is  plain  that  the  axis  in  thus  lifting  it  out  has  con- 
tinued to  rise,  in  its  Westward  course,  from  the  neighbourhood  of  Wadham's 
^l?-      T  i^<=yn°i<i"s  Mine.    How  far  it  ranges  to  the  Westward  of  Smith's  Eun  has  not  been  ascer- 

small  Bed  on  Smith's  ^ 

C'-eek-  tained. 

Anticlinal  f,  or  that  S.  of  the  Basin  of  French's  Tunnel. — Succeeding  the  axis  of  Wadham's 
Mine,  and  situated  about  1000  or  1100  feet  S.E.  of  it,  ranges  another  much  longer  parallel  anti- 
clinal wave,  traceable  from  N.E.  of  the  village  of  Plymouth  to  the  IMountain-notch  of  Nanticoke. 
This  is  an  important  flexure  in  all  the  mining  ground  W.  of  Smith's  Creek  ;  our  first  or  most 
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Eastern  indications  of  it  are  on  the  W.  side  of  Gaylord's  Eailroad,  half  a  mile  N.  of  the  turnpike, 
where  the  arch  is  distinctly  discernible  in  a  small  railroad  cutting,  but  where  the  N.  dips,  how- 
ever, are  of  very  limited  breadth.  From  this  point  to  Smith's  Run  it  is  only  obscurely  visible  ; 
but  a  little  W.  of  that  ravine  it  becomes  conspicuous  in  the  topography,  and  begins  to 
manifest  itself  as  a  prominent  though  narrow  flexure.  It  first  enters  the  Southern  protuberance 
on  the  S.E.  slope  of  the  main  hill  next  N.  of  the  turnpike  road,  and  then  ranges  along  the  crest  of 
this  hill,  displaying  a  beautifid  and  symmetrical  arch  at  the  ravine  running  S.  from  French's 
Tunnel,  arching  the  rocks  in  fact  the  whole  distance  to  Lance's  upper  mines,  and  to  the  deep 
notch  in  the  end  of  the  mountain  N.AV.  of  Harvey's.  Increasing  in  steepness  from  Smith's  Run 
westward,  it  exhibits  a  N.  dip  of  60°  at  French's  Run,  and  an  almost  perpendicular  one  N.  of 
the  Grand  Tunnel ;  while  beyond  the  latter  point,  as  we  enter  the  narrow  defile  in  the  end  of  the 
mountain,  it  appears  to  pass  into  an  actual  dislocation,  obliterating  altogether  its  Northern  dips, 
and  causing  the  South-dipping  strata  of  the  N.  side  of  the  basin  N.  of  it,  and  a  large  patch  of  the 
lowest  or  Big  Coal,  to  abut  violently  where  the  axis  should  be,  against  the  rocks  composing  the 
S.  leo;  of  the  broken  arch.  From  the  hill  W.  of  Smith's  Run  to  the  head  of  the  o-orge  containing 
the  dislocation,  the  basin  N.  of  this  flexure  is  a  very  regular  and  symmetrical  one,  characterised,' 
however,  by  much  gentler  S.  dips  than  N.  ones. 

It  is  on  the  N.  side  of  this  little  basin  that  French's  short  tunnel  perforates  the  sandstones 
overlying  the  lower  or  great  coal-beds,  and  it  is  likewise  on  the  same  S.  dip  or  upper  outcrop  of  it 
that  Lance's  upper  mines  are  seated  on  the  Grand  Tunnel  property.  And  it  is  likewise  in  the  same 
general  strike,  and  on  the  same  side  of  the  same  synclinal,  but  replaced  here  by  a  prodigious 
fault,  tliat  the  large  insulated  patch  of  the  Big  Coal  occurs  on  Harvey's  property,  near  to  the 
Western  end  of  the  mountain,  in  the  knob  overlooking  the  ravine.  Throughout  the  entire  course 
of  this  anticlinal,  as  it  gradually  rises  Westward  until  it  approaches  its  points  of  dislocation,  the 
'great  or  lowest  Coal-bed  nowhere  rises  out  to  the  surface,  but  is  oversaddled  by  the  next  higher 
rocks.  It  is  not  until  we  reach  a  point  about  due  N.  of  Harvey's  Tunnel  that  the  denudation 
and  the  Westward  rise  of  the  anticlinal  combine  to  remove  these  overlying  strata,  and  to  expose 
to  view  the  large  coal  upon  the  anticlinal  axis.  Elsewhere,  in  order  to  enter  that  portion  of 
this  coal  which  basins  to  the  N.  of  the  anticlinal  line,  it  will  be  necessary  to  tunnel  into  it  from 
points  lower  down  the  hill,  selected  at  such  elevations  on  the  S.  side  of  the  anticlinal  flexure,  as 
by  calculation  will  just  carry  the  tunnels  to  the  synclinal  part  or  deepest  centre  of  the  trough. 

Anticlinal  G,  or  that  of  the  S.  Edge  of  Moss's  Hill. — A  feeble  flexure  is  traceable  along  the 
Southern  edge  of  Ross's  Hill  south  of  the  main  road,  and  adjacent  to  it.  It  is  the  cause  of  the  N. 
dips  seen  on  that  road  E.  of  Schupp's  Creek  ;  and  it  may  be  detected  in  a  corresponding  Northern 
dip  farther  Eastward  in  the  bluff"  of  the  hill  S.  of  the  road. 

It  does  not  seem  to  cross  Schupp's  Creek,  or  at  least  no  considerable  flexure  has  hitherto 
been  detected  in  the  Gould  Coal-b^d  iu  Shunk's  mine  W.  of  that  stream. 


COAL-MEASUEES  AND  WOEKABLE  COAL-SEAMS  OF  THE  PLYMOUTH  DISTEICT, 

In  the  district  before  us  there  would  appear  to  be  four  workable  beds  of  ample  dimensions 
for  mining,  and  one,  and  sometimes  two  of  these,  are  of  unusual  size. 

1st,  The  Plymouth  Oreat  Bed. — The  first  or  lowermost  in  the  series  is  the  Great  Nanticoke 
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Bed.  This  at  Harvey's,  and  at  Lance's  Grand  Tunnel  Mine,  the  two  most  Western  of  the  district, 
has  a  total  thickness  of  about  22  feet,  yielding  in  the  first-named  mine  about  12  feet  of  coal,  and 
in  the  other  a  total  of  1 7  or  1 8  feet.  At  Smith's  Mine,  nearer  Plymouth,  the  whole  thickness  of 
the  compound  seam  is  a  little  more  than  1 7  feet ;  while,  by  the  time  it  reaches  Jaquish's,  on  the 
road  N.W.  from  Kingston,  though  still  further  reduced,  it  retains  the  dimensions  of  an  ample  bed. 

(An  inspection  of  the  several  sections  of  this  Coal-bed,  as  it  exists  at  the  chief  localities,  will 
best  show  its  composition  and  the  changes  which  it  undergoes.) 

At  Harvey's  Mine,  where  the  great  bed  crops  out  from  under  the  continuation  of  Thomas's 
sandstone  bluff,  the  bed  dips  15°  S.,  and  is  from  18  to  20  teet  thick  ;  over  it  is  slate  3  feet  thick, 
on  which  rests  a  dark-grey,  fine-grained,  micaceous  sandstone,  1 8  inches  thick ;  and  over  this, 
coarse  sandstone  and  fine  conglomerate.  Coal  was  taken  from  this  mine  more  than  twenty-five 
years  ago.  The  present  mouth  of  the  mine  is  at  water-level  at  the  level  of  the  road.  The  gang- 
way runs  N.E.,  and  there  are  thirty-six  breasts  in  the  mine  from  the  lower  gangway  to  the  out- 
crop ;  these  are  each  25  feet  wide,  and  the  average  width  of  the  pillars  is  14  feet.  The  whole 
length  of  the  breast  of  coal  to  the  outcrop  must  be  half  a  mile  ;  the  length  of  the  gangway  was 
(in  1854)  1450  feet.    The  subdivisions  of  the  seam  are,— 

Coal,  1  foot  6  inches  ;  Slate,  thin  ;  Coal,  3  feet ;  Slate,  17  inches  ;  Coal,  1  foot  5  inches, 
pyritous ;  Slate,  3  inches  ;  Coal,  7  inches ;  Slate,  1  inch  ;  Coal,  2  feet,  poor ;  Slate,  2 
inches  ;  Coal,  1  foot  6  inches ;  Slate,  thin ;  Coal,  1  foot  6  inches ;  Slate,  2  inches ;  Coal, 
1  foot  2  inches ;  Slate,  2  inches  ;  Coal,  1  foot  9  inches ;  Slate,  2  inches  ;  Coal,  9  inches. 

Big  Coal  in  Lances  Grand  Tunnel  Mine. — The  upper  bench  has  from  12 
'Bed,'Har^Iy\'Mf™""*to  13  fcct  of  coal  iu  all,  but  the  lower  and  upper  parts  are  the  finest,  and  the 
average  amount  of  good  coal  is  10  feet. 

Slate,  from  1  to  2  feet ;  coal,  having  a  dull  lustre,  yielding  a  red  ash,  and 
breaking  with  a  conchoidal  fracture,  8  feet. 

2d,  Bennett's  or  Patton's  Coal-hed. — ^The  second  coal  in  the  series,  known 
near  Plymouth  as  Bennett's  or  Patton's,  is  usually  situated  about  55  or  60 
feet  above  the  lower  great  seam,  the  space  between  them  probably  enlarging 
Fig  306.  -  Plymouth       we  go  Eastward.     The  usual  thickness  of  this  bed  N.  of  Plymouth  is 
xifnnei'!'^^'"''''^'''""^  about  10  fcet ;  but  the  equivalent  seam  farther  Westward  in  the  district, 
in  the  neighbourhood  of  the  Grand  Tunnel,  has  a  thickness  of  5  feet.     In  the  intermediate 
ground  on  Smith's  Creek,  this  seam,  there  called  Eeynold's,  possesses  interme- 
diate dimensions,  having  a  thickness  of  about  7^  feet. 

Bennett  and  Patton's  Mine  worked  from  the  Tunnel — The  tunnel  is  about 
Fig  307 -Levy  and       yards  loug ;  at  its  mouth  the  Cooper  (Orchard)  Coal  lies  12  feet  below  the 
Patton's.       surface.    The  tunnel  passes  this  bed,  then  rock  for  200  yards,  and  then  reaches 
the  Bennett  Coal.    The  dip  is  very  gentle.    The  benches  in  Bennett's  Coal  are, — 

Slate  and  Coal-slate,  2|  feet ;  Stony  Coal,  3  feet ;  Pretty  good  Coal,  from  i  to  U  feet ;  Slate,  2  inches  ; 
the  best  Coal,  3  feet. 

3d,  The  Cooper  or  Orchard  Bed. — Overlying  the  second  coal-bed,  by  an  interval  varying 
according  to  the  neighbourhood  from  40  to  60  feet,  is  a  third  bed,  generally  called  Cooper's, 
believed  to  be  identical  with  the  so-called  Orchard  Seam,  N.  of  the  village  of  Plymouth.  This 
coal-seam  is  about  6  feet  in  size  in  the  neighbourhood  of  the  Grand  Tunnel ;  at  Wadham's  it  is 
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7^  feet  tMck,  and  in  Orcliard's  Mine  8  feet ;  but  at  the  Old  Cooper  Mine,  1  mile  further  to 

the  N.E.,  it  measures  in  all  1 0  feet,  though  some  distance  back  in  the  mine  it  is   

a  foot  thicker,  and  there  yields  at  least  9  feet  of  good  coal.    (See  its  subdivi-  ^  °  ^^^^■-r,  e 
sions  in  the  cut,  fig.  309.)  '^^^B 
The  Cooper  Coal,  Fine  Swamp  Run. — This  mine  is  a  regular  pillar  and  breast-  ^ "  ^^^B 
work  mine,  its  roof  being  supported  entirely  by  pillars  of  coal.    The  "  board  and  fig.  308.— Gayiord's 
head"  are  quite  well  marked  in  the  mine.    The  coal  is  10  feet  thick.    The  top 
is  slate,  laminated. 

Coal,  1  foot  6  inches ;  Slate,  6  inches ;  Coal,  3  feet ;  Fine  Blacksmith's  Coal,  from  3  to  3|  feet ;  Short 
Coal,  from  2  to  2^  feet. 

Blue  clay-slate,  with  large  flat  balls  of  iron  ore. 

The  underlying  slate  and  shale  are  quite  thick.  The  Cooper  coal  burns  freely,  and  is  yet  an 
excellent  enduring  fuel. 

An  anticlinal  axis,  wide  and  flat,  passes  just  through  the  mouth  of  the  Old  Cooper  Mine, 
and  swings  the  roadway  a  little  to  the  Eastward  and  back  again  Westward. 

There  is  an  anticlinal  about  1000  feet  S.  of  the  crossing  of  the  two  railroads. 
.  Ath,  The  Gould  Coal-hed. — Next  above  the  Orchard  Seam  lies  the  Gould  Bed,  though  many 
persons  have  supposed  the  two  beds  to  be  identical.  This  seam  appears  to  be  restricted  to  Eoss's 
Hill  and  the  knob  next  W.  of  it,  and  not  to  cross  the  valley  of  Cooper's  Creek  or  the  Pine 
Swamp  Eun.  It  is  at  present  mined  from  the  water-edge  at  the  river,  just  W,  of  Schupp's  Creek, 
in  the  Eudmund-dale  Colliery.  This  bed  has  an  average  thickness  of  6  feet,  yielding  that 
much  of  good  coal,  excepting  a  2-inch  layer  of  slate  in  the  middle.  The  quality  of  the  coal  is 
excellent. 

Goidd  and  Shunh's  Mine.  —At  the  mouth  of  Schupp's  Creek,  or  Eudmund-dale,  this  coal  has 
been  wrought  languidly  for  thirty  years.  The  coal  dips  gently  S.E. ;  it  just  comes  down  to  the 
edge  of  the  ravine  at  the  mouth  of  the  mine,  and  is  43  feet  below  the  bed  of  the  Creek  at  the 
crossing  of  the  main  road.  This  coal  has  an  average  thickness  of  6  feet,  and  yields  all  coal 
except  2  inches  of  slate  in  the  middle.    Its  divisions  are  as  follows, — 

Slate  Eoof ;  Eough  Bird's-eye  Coal,  3  feet ;  Good  clean  Coal,  3  feet ;  Excellent  Coal,  1  foot ;  Slate  Bottom. 

The  only  gangway  is  at  the  water-level,  and  nms  N.  60°  E.  for  about  35  rods  (600  feet). 
The  coal  is  sent  to  market  chiefly  in  lump  form,  and  is  used  in  iron  furnaces.  The  outcrop  of 
this  coal  crosses  the  road  200  yards  E.  of  Culver's  house  in  Plymouth.  The  outcrop  of  the 
6-feet  bed  is  also  seen  at  Schupp's  Creek.  The  upper  limit  of  it  on  the  hill  is  about  1300  feet 
N,  of  the  road  from  the  mine. 

Mr  Dodson  is  working  the  outcrop  of  the  "  Big  Coal "  at  the  foot  of  the  mountain,  and  the 
middle  coal  has  been  opened  on  its  outcrop  600  feet  S.  of  it. 

On  Nesbit's  property,  E.  of  Gayiord's  Eailroad,  the  second  coal,  7  feet  thick,  contains 
checked  or  bird's-eye  coal  of  good  quality. 

The  boring  on  Mr  Gayiord's  land  in  Plymouth  begins  in  the  floor  of  the  Orchard  or  8-feet 
Upper  Coal  of  this  vicinity.  It  is  supposed  to  be  the  Cooper  Coal,  though  distant  a  mile  from 
it.    The  following  is  a  section  of  the  strata  met  with, — 

Cooper  or  Orchard  Coal,  8  feet ;  Soft  Sandstone,  containing  a  little  slate,  G3  feet :  mthin  the  sandstone  is. 
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a  bed  of  coal,  1  foot  thick  ;  Patton  and  Bennett's  Coal,  10  feet ;  Supposed  bottom  coal — but  this  is  doubted 
12  feet,  soft. 

Pebbles  and  dirt  generally  underlie  the  Big  Coal ;  therefore  the  soft  floor  here  is  thought  to 
prove  that  this  lower  bed  is  not  the  Big  Coal. 

The  Avondale  Tunnel  is  at  present  (1854)  155  yards  long.  It  intersects  two  thin  coal-beds. 
The  first  is  a  bed  of  heavy  hard  coal,  from  4  to  5  feet  thick  ;  the  second,  a  bed  one  foot  thick, 
but  called  3  feet,  and  supposed  to  be  the  same  as  the  3-feet  Coal  over  the  Grand  Tunnel  mouth. 

"VVatham's  Coal,  or  Bennett's  Coal  on  Watham's  Creek,  is  worked  N.  of  the  anticlinal  axis. 
This  coal  is      feet  thick,  rather  rough,  but  well  adapted  for  smelting  iron.    The  benches  are, — 

Sandy  slate  ;  Good  Coal ;  Slate,  2  feet ;  Good  Coal,  2  feet  6  inches ;  Slate,  7  inches  ;  Good  Coal,  3  feet ;  Shale. 

The  Tunnel  is  bored  30  yards  into  the  coal ;  the  gangway  runs  E.  and  W. ;  the  dip,  after 
passing  in  a  little  way,  is  very  flat  to  the  S. 

Outcrops  of  the  Coals. — The  lines  of  outcrop  of  the  four  coals  above 
described  will  be  best  understood  by  inspecting  the  Geological  Map  of  the 
region.  That  of  the  large  lower  coal  follows  the  bold  outcrop  of  the  Serai 
conglomerate,  keeping  a  few  hundred  feet  S.  of  it,  winding  a  little  in  its  course 
in  virtue  of  the  two  or  three  flat  anticlinal  undulations  which  run  obliquely 
off"  from  the  crest  of  the  mountain,  but  deviating  from  a  straight  course  chiefly 
from  the  influence  of  erosion,  which  swings  the  margin  of  the  coal  in  every 
o^n     T>     ,  „  case  S.  into  the  beds  of  the  ravines,  and  back  again  N.  upon  the  water-sheds 

FiQ.   309.  —  Be3Tiold's  '  =>  ■'■ 

fmihl^N  o?R-ynoid^s  "'^^ich  Separate  them.    The  outcrops  of  the  three  next  overlying  coals  are  much 
more  devious,  in  consequence  of  their  greater  and  more  complex  displace- 
ments of  level,  by  the  lesser  anticlinals  already  described  as  traversing  them. 

The  following  sections  will  assist  to  illustrate  the  undidations  and  places  of  outcrop  of  the 
coals  in  the  vicinity  of  Plymouth. 


Reynold's  Big  Coal, 


Rct/iwUi's  Tunnel  Coal, 
7  to  8  J'eet. 


Fig.  310.— Section  on  Smith's  Creek,  W.  of  Plymouth.— 1  inch  =  600  feet. 


C'u'i', -J/'<(.  Gaylord's.  Lcry  and  f\ifu,i,-,. 


Fig.  311. — Section  from  Conglomerate  by  Gaylord's  Mine,  N.  of  PljTnouth. 

Upper  Coal-beds. — There  are  probably  two  or  more  thin  upper  coal-beds  above  the  Gould 
Bed,  in  the  S.E.  part  of  Boss's  Hill,  but  of  these  we  know  at  present  extremely  little,  as  they 
have  not  been  developed  by  mining,  and  are  not  easily  traceable  without  it  ;  the  thickest  of 
them  has  been  penetrated  in  one  or  two  spots  just  N.  of  the  main  road,  and  appears  to  be 
between  3  and  4  feet  thick  ;  but  what  extent  of  surface  it  underlies  has  not  been  ascertained. 
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BEING  A  EEVISION  OF  PORTIONS  OF  THE  SOUTHERN  ANTHRACITE  COAL-FIELD. 

The  following  notes  embody  the  results  of  an  examination  of  all  the  collieries  of  the  Southern 
Coal-field  W.  of  Tuscarora,  from  which  coal  is  at  present  mined,  or  may  probably  be  mined  in  1858. 
They  bring  the  information  down  to  the  month  of  April  of  that  year,  and  are  more  precise,  therefore, 
than  the  memoranda  embraced  in  the  foregoing  pages.  In  the  chapters  devoted  to  the  descrip- 
tion of  the  Pottsville  Basin,  special  stress  is  laid  upon  the  necessity  of  a  full  and  complete 
understanding  of  the  many  anticlinal  and  synclinal  flexures  of  the  strata.  Inferior  importance 
is  attached  to  the  exact  extent  which  a  mine  may  have,  or  indeed  to  any  features  which  do  not 
throw  some  light  upon  the  structure  of  the  region.  Our  notes  relating  to  the  Collieries  were  in 
most  cases  obtained  from  the  head  miners,  and  are  somewhat  desultory  and  imperfect. 

In  collecting  the  information  here  presented,  great  care  was  taken  that  the  data  should  be, 
as  far  as  possible,  correct.  Recourse  was  had  usually  to  some  intelligent  person  connected  with 
each  mine,  and,  in  a  large  majority  of  instances,  also  to  the  working  plans.  These  sources, 
checked  by  our  own  observations  and  measurements,  make  the  statements  full,  and,  we  think, 
precise,  enabling  us  to  point  out  some  errors  in  previously  expressed  opinions,  and  to  give  many 
new  facts,  which  the  progress  of  mining  in  the  district  has  brought  to  light, 

TUSCAROEA. 

Tioga  Colliery  (page  108  of  text)  —  Graber  and  Wagner,  lessees  ;  one-fourth  of  a  mile  E.  of  Tuscarora. — 
This  mine  has  a  slope,  sunk  100  yards  below  water-level,  on  the  Doherty  or  Jackson  coal-seam — dip,  from  50°  to 
65°  S. ;  gangways  are  driven  GOO  yards  E.,  and  300  yards  W.  From  the  foot  of  the  slope  a  tunnel  is  cut  75  yards 
S.  to  the  Stapleton  Bed,  upon  which  gangways  are  driven  150  yards  E.  and  30  yards  W.  A  tunnel  is  driven  N. 
from  the  gangway  50  yards  E.  of  the  slope,  to  a  seam  locally  termed  the  Primrose  Vein,  dipping  45°  S.  Upon 
this  bed  gangways  are  opened  116  yards  E.  and  25  yards  W. 

The  Jackson  Seam,  when  undisturbed,  will  yield  from  5  to  6  J  feet  of  coal,  but  it  is  much  pinched  and  crushed. 
It  is  the  only  seam  now  wrought  at  the  colliery.  The  Stapleton  Bed  is  very  irregular,  and  subject  to  dirt-faults ; 
it  varies  from  2  to  10  feet  in  thickness.  The  Primrose  Seam,  though  stated  to  be  18  feet  thick,  has  not  yielded 
a  ton  of  sound  coal.  It  appears  to  be  a  mass  of  crushed  coal  and  dirt,  and  75  yards  on  the  breasts  above  the 
gangway  it  is  entirely  pinched  out. 

Yield,  in  1857,  14',612  tons. 

Palmers  Tunnel  (page  103  of  text) — A.  Sillyman,  lessee  (formerly,  C.  Sillyman). — A  section  representing 
the  seams  cut  in  this  tunnel  is  already  presented  in  an  earlier  chapter  of  the  book  (j).  106).  We  need  only  here 
notice  the  extent  of  the  gangways.  The  E.  Coal-bed  is  worked  250  yards  E.  of  the  Tunnel,  and  2250  yards  W. ; 
its  normal  thickness  is  18  feet ;  but  850  yards  W.  of  the  Tunnel  it  is  supposed  to  be  subdivided  by  the  iuterpola- 
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tion  of  a  stratum  of  rock.  The  upper  portion  of  the  bed,  7J  feet  thick,  is  mined  forward.  No  attempt  has  been 
made  to  discover  the  true  cause  of  the  sudden  diminution  in  thickness  of  the  bed. 

The  Pahner  Seam  is  mined  2.50  yards  E. ;  driven  57<)  yards  W.  The  coal  was  found  abutting  agamst  a 
vertical  wall  of  rock ;  along  this  the  bed  is  shifted  N.,  the  bottom  slate  observing  a  gentle  S.  dip,  whereas  the 
top  stands  nearly  vertical.  The  line  of  intersection  of  the  two  slates  rises  W.  towards  the  sur  face,  as  has  been 
proved  by  mining.  The  Palmer  Bed  has  been  traced  on  the  surface  160  yards  W.  of  the  fault,  but  every  attempt 
to  follow  it  fiu'ther  has  faded.    The  seam  averages  10  feet  of  good  coal. 

Tlie  Bony,  or  Rough  Seam,  is  mined  200  yards  W.  The  bed  contains  from  8  to  16  feet  of  coarse  bird's-eye 
coal. 

The  Grier  Bed,  driven  400  yards  W.,  is  nipped  out  by  the  approach  of  the  top  and  bottom  rocks  ;  an  upper 
level  encoimtered  the  squeeze  160  yards  further  W.  It  is  not  now  wi-ought,  but  its  average  thickness  of  wood 
coal  is  6  feet. 

The  shipments  of  coal  in  1857  amounted  to  32,318  tons. 

Sillyman  and  Myers'  Slope,  and  George  H.  Potts'  Slope  on  Big  Creek,  were  both  abandoned  in  18.57. 

Beechem's  Upper  Tunnel  (page  110  of  text) — R.  Gorrell,  agent. — This  tunnel,  entering  Southward  into 
Sharp  Mountain  intersects  four  seams  of  workable  dimensions  locally  designated  the  0,  P,  Q,  and  the  QQ,  the 
several  beds  containing,  according  to  the  manager,  4|,  5,  and  3  feet  respectively  of  coal  suited  to  the  market. 
The  only  bed  now  Avrougiit  is  the  P  seam,  which  is  driven  700  yards  E.  and  W.  until  it  degenerates  to  dirt. 
The  other  coals  have  either  been  mined  to  the  boundary  of  the  property,  or  are  too  much  crushed  and  irregidar 
to  be  mined  with  profit.    In  1857,  8559  tons  were  sent  from  the  mine. 

MIDDLEPORT. 

Milford  Colliery  Qiage  113  of  text) — J.  Jones  &  Co.,  lessees  (formerly  S.  Sillyman). — The  information 
gathered  in  1853  regarding  the  Milford  Tunnel  se6ms  to  have  been  imperfect  as  respects  the  distances  between 
the  seams.    We  are  now  possessed  of  the  results  of  a  connect  mine  survey. 

The  old  MUford  Tunnel  is  driven  Southward  1410  feet  to  the  Palmer  coal-seam  dipping  steeply  Northward. 
This  tunnel  was  begun  near  the  outcrop  of  the  C.  Pott  Bed  at  water-level,  and  intersects  the  Palmer  Seam,  dipping 
S.  400  feet  from  the  mouth  ;  the  Spohn,  a  thin  leader,  at  580  feet ;  and  the  Spohn  leader  of  coal  dipping  steeply  N. 
at  1270  feet.  The  gangways  worked  Eastward  on  the  two  dips  of  the  Palmer  seam  converge  1650  feet  from  the 
tunnel.  Prom  the  S.  gangway  of  the  Palmer,  420  feet  E.  of  the  main  tunnel,  a  tunnel  is  cut  Southward  160 
feet  to  the  sandstone  seam,  a  thin  bed  dipping  nearly  vertically  N.  It  is  followed  950  feet  E.,  and  a  third  driven 
Southward  intersects  the  rough  seam  at  175  feet  ;  the  C.  Pott  at  215  feet,  and  the  Clai'kson  at  435  feet,  all 
standing  on  end.  The  sandstone  and  the  rough  seams  are  not  represented  by  any  stratum  of  coal  in  the  main 
tunnel  at  the  N.  side  of  the  basin.  The  only  seams  now  wrought  at  the  colliery  are  the  C.  Pott,  2  or  3  feet  thick, 
and  the  Clarkson,  5  feet  thick.    Upon  these,  gangways  are  diiven  a  fourth  of  a  mile  Eastward. 

The  Milford  Slope  sunk  on  the  Clarkson  Seam,  1000  feet  N.E.  of  the  timnel  mouth,  is  now  abandoned.  From 
this  slope  the  Clarkson  was  mined  650  yards  E.  and  425  yards  W.  The  E.  gangway  encountered  a  "rock 
squeeze  "  of  the  coal,  which  ranged  across  the  breasts  20  yards  above  the  gangway.  By  a  tunnel  55  yards  long 
the  C.  Pott  coal  seam,  overlying  the  Clarkson,  was  reached,  and  mined  below  water-level  225  yards  W.  and  26(1 
yards  Eastward. 

The  shipments  in  1857  were  4303  tons. 

Middlep>ort  or  South  Basin  Colliery  (page  115  of  text) — Lessee,  J.  G.  Bryce,  (formerly  Neville) ;  Agent, 
H.  C.  Brooke. — The  tunnel  at  this  colliery  enters  Northward  into  Silver  HUl,  a  distance  of  20  yards,  to  a  bed  of 
coal,  the  precise  equivalent  of  which  has  not  been  determined.  It  dips  Southward  at  an  angle  of  20°.  The  coal 
is  squeezed  and  faulty,  for  which  reason  the  gangway  to  the  Eastward  was  soon  abandoned.  West  of  the  tun- 
nel it  was  followed  round  the  point  of  a  decUning  saddle,  upon  the  N.  side  of  which  the  dip  rises  to  70°,  and  the 
coal  is  sound  and  good.  Its  thickness  in  the  present  worldngs  averages  6  feet,  though  it  sometimes  exceeds 
this.    There  are  no  dividing-slates  in  the  bed.    The  main  gangway  is  1100  yards  long — ash,  pink. 
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Yield  of  the  mine,  in  1856,  14,421  tons;  in  1857,  14,704  tons. 

A  niUe  E.  of  the  preceding  a  shaft  was  sunk  upon  a  vertical  coal-bed  to  a  depth  of  ]  00  yards.  From  this 
level  gangways  ranged  E.  and  W.  a  few  hundred  yards.  The  coal  is  8  feet  thick.  It  was  worked  only  a  few 
months  in  1857  by  Mr  S.  Chadwick,  and  is  now  temporarily  abandoned.    It  jdelded,  in  1857, 1633  tons. 

Five  huudi'ed  yards  S.  of  the  shaft,  Mr  Bryce  has  recently  opened  a  coal-bed  5|  feet  thick,  dipping  from 
60°  to  65°  Northward.    The  drift  has  advanced  180  yards. 

CASCA  WILLIAM  VALLEY. 

Northdale  Slope  Colliery  (page  108  of  text)  —  lessees,  Luther,  Daniel,  and  Gabel  (formerly  Rogers,  Sin- 
nickson,  &  Co.) — This  mine  is  situated  upon  the  Big  or  Raven  coal  seam,  where  it  outcrops  upon  Mine  Hill  at 
the  head  of  Casca  William  Valley.    The  prevailing  subdivisions  of  this  great  White-Ash  bed  are  as  follows  : — 

Shelly  Coal,  3  feet ;  Slate,  2  inches  ;  Hard  Coal,  7  feet ;  Slate,  G  inches  ;  Hard  Coal,  5  feet ;  Slate,  18  to  10  inches ; 
Hard  Coal,  4  or  5  feet. 

At  times  the  bed  swells  out  to  a  thickness  of  50  feet ;  but  such  enlargements  are  almost  always  followed 
by  a  corresponding  diminution.    It  shrinks  to  10  feet,  and  in  one  place  to  7  feet  thick. 

The  slope  follows  the  bottom  slate  of  the  coal  at  an  angle  of  55°.  Its  length  to  the  water-level  gangways  is 
45  yards  ;  to  lower  gangways,  100  yards  farther.  The  water-level  gangway  is  driven  Eastward  1400  yards  ;  a 
tunnel  cut  Northward  into  the  mountain  reached  the  coal  400  yards  E.  of  the  slope.  The  W.  gangway  at  water- 
level  is  mined  650  yards.  On  the  lower  level  the  E.  gangway  is  1 20,  and  the  W.  350  yards  long.  These  gang- 
ways observe  their  proper  course  N.  70°  E.,  and  S.  70°  W.  In  the  W.  workings  of  the  lower  level  a  crushed  or 
faulty  condition  of  the  coal,  commencing  20  yards  W.  of  the  slope,  extends  Eastward  to  the  end  of  the  E.  gang- 
way. The  upper  line  of  this  "dirt  "  fault  dips  Westward  20° ;  it  therefore  crosses  the  slope,  and  alfects  the  coal 
in  the  E.  water-level  gangway.  The  colliery  is  temporarily  abandoned  ;  but  the  obstacle  opposed  to  profitable 
mining  by  this  faidt  is  thought  to  be  nearly  overcome. 

In  mining  the  coal  from  the  breast  between  the  levels,  rectangular  chambers  12  yards  wide  are  cut  away, 
leaving  intermediate  pillars  of  coal  6  yards  wide  to  sujjport  the  roof  These  pdlars  are  abstracted  when  the  level 
is  abandoned,  and  the  roof  falls  in.  In  order  to  protect  the  slope-way  of  the  mine  from  injury,  pillars  40  yards 
wide  are  left  on  either  side. 

The  old  water-level  Tunnel  above  alluded  to  is  546  feet  long  to  the  Big  Coal,  the  gangways  upon  which 
drain  off  the  water.  The  tunnel  cut  a  coal-seam  8  feet  thick,  known  as  the  Black  Valley  bed  207  feet  S.  of 
the  Big  seam.    Three  small  coals  were  passed  between  this  and  the  mouth.    None  of  these  have  been  mined. 

Raven  Shpe,  Casca  William  Colliery — (Luther,  Daniel,  and  Gabel). — The  old  workings  comprised  a  water- 
level  gangway  W.,  and  a  slope-level  with  gangways  E.  and  W.  The  water-level  gangway  or  drift  was  mined  775 
yards  W.  to  the  property  line,  and  is  now  abandoned.  The  old  slope  (exhibited  in  the  Casca  William  section) 
was  located  on  the  sharp  anticlinal  Axis  (D)  of  the  Big  or  Raven  Coal  over  the  E.  end  of  the  South  Mine  Hill 
Axis.  It  foUowed  the  bottom  slate  of  the  coal,  descending  Southward  at  an  angle  of  61°  a  slope  length  of 
270  feet.  The  coal  then  became  flat,  and  rose  with  an  opposing  dip  to  roll  over  again  into  S.  dip,  thus  form- 
ing a  basin  50  feet  wide,  and  an  anticlinal  arch,  which  was  passed  through  by  a  tunnel  90  feet  long.  The 
gangways  in  the  basin  were  mined  W.  775  yards.  The  E.  gangway  was  driven  175  yards,  when  it  began  to 
warp  Northward  round  the  declining  anticlinal  on  which  the  engine-house  stands.  At  200  yards'  distance  from 
the  slope  the  level  was  abandoned.  From  the  S.  end  of  the  tunnel  the  W.  gangway,  185  yards  long,  swept 
round  the  end  of  the  little  anticlinal  roll,  and  connected  with  the  main  gangway  W.  from  the  slope.  The  E. 
gangway  started  from  the  tunnel  on  coal  dipping  29°  S. ;  but  the  saddle  declined  E.,  and  the  basin  rose,  so  that 
the  two  merged  into  a  nearly  flat  dip.    The  gangway  swung  Northward,  and  was  abandoned  :  it  is  150  yards  long. 

The  new  Raven  Slope  descends  through  sandstone  at  an  angle  of  52°,  to  intersect  the  Big  Coal  at  the  South 
end  of  the  tunnel  from  the  old  slope.  It  is  120  yards  long  to  the  tunnel  level.  It  then  follows  the  coal  102 
yards  below  the  tunnel-level  at  an  average  angle  of  60°.  At  this  lower  level  the  W.  gangway  is  driven  350 
yards  in  the  normal  bearing.    The  E.  gangway,  75  yards  E.  of  the  slope,  deflects  S.  round  a  feeble  basin,  and 
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again  turns  E.  It  will,  no  doubt,  eventually  deflect  N.,  parallel  to  the  old  levels  above.  The  length  of  tliis 
gangway  at  present  is  2G0  yards. 

The  great  bed  mined  at  this  colliery  exhibits  the  same  character,  subdivisions,  and  average  thickness,  which 
we  have  noted  in  describing  the  Northdale  Slope. 

The  Black  Heath  Goal-bed,  lying  next  above  the  Big  Seam,  has  been  mined  above  water-level  only.  It  is 
9  feet  thick,  including  an  8-inch  band  of  slate  5  feet  from  the  top.    The  ash  is  pink. 

The  Black  Valley  Seam  next  succeeding  has  not  been  mined  below  water-level.  It  is  a  pink  ash  coal,  7  feet 
thick,  divided  by  1  foot  of  slate  4  feet  from  the  top.  The  proprietors  propose  erecting  a  slope  colliery  upon 
one  or  other  of  these  beds. 

The  Luther  Slope  Mine,  belonging  to  the  same  estate  as  the  preceding  collieries,  is  located  upon  the  Luther 
or  Diamond  Coal-bed,  which  averages  6  feet  in  thickness  ;  top  bench,  4  feet ;  slate  and  dirt,  6  inches  ;  bottom 
bench,  18  to  36  inches. 

The  slope  descends  along  the  bottom  slate  90  yards,  at  an  angle  of  50°  to  the  first  level.  The  dip  thence 
gradually  decHnes  to  26°  at  the  lower  level ;  total  length,  415  feet ;  perpendicular  depth  of  lower  level,  282  feet. 

At  the  upper  level  gangways  are  driven  E.  and  W.,  and  a  tunnel  cut  Northward.  This  tunnel,  which  is 
about  1 50  yards  in  length,  intersects  three  coal-seams  dipping  Southward.  The  last  of  these,  known  as  the  "  Joe 
Wright  Vein,"  saddles  over  into  N.  dip,  and  is  cut  at  the  end  of  the  tunnel  just  at  the  level  of  the  sjTiclinal 
next  N.* 

The  Lyon  Goal,  divided  into  two  benches  by  8  inches  of  bony  or  in^pure  coal,  is  6  feet  thick  at  an  average. 
The  Pasco  is  6  feet  thick,  and  the  Wright  has  3  feet  of  good  coal.  The  latter  turns  flat  on  the  axis  30  yards 
above  the  tunnel,  and  dips  Northward  45°.    It  is  mined  only  70  yards  up  the  long  breast  N.  of  the  basin. 

From  the  tunnel-level  the  E.  gangway  on  the  Luther  Slope  Coal  is  900  yards  long ;  the  W.  gang-way,  774 
yards.  The  Lyon  bed  is  worked  450  yards  W.  of  the  tunnel,  and  75  yards  E.  The  Pasco,  250  yards  W.,  and 
60  yards  E.  The  Wright  coal  on  its  first  S.  dip  35  yards  E.,  and  75  yards  W.  This  W.  gangway  deflects 
Northward  upon  West-dipping  coal,  indicating  a  gradual  falling  away  of  the  saddle  in  that  direction.  On  the 
S.  dip  of  the  basin  the  same  bed  is  mined  400  yards  W.,  and  40  yards  E. 

The  lower  slope-level  is  mined  W.  774  yards,  and  E.  2000  yards. 

The  slope  is  now  being  extended  to  begin  another  level  100  yards  lower.    Its  total  length  will  then  be  515 

feet. 

All  the  beds  mined  at  this  colliery  yield  Red-Ash  Coal. 

The  yield  of  the  Casca  William  collieries  in  1856,  from  the  Black  Valley  water-level  drift  and  the  Luther 
Slope,  was  45,177  tons.  In  1857,  tlie  product  from  the  Raven  Slope  for  9  months — the  Luther  Slope,  1 2  months 
— and  a  small  gin-slope  mining  surface-coal,  6  months — also  the  West  Delaware  Mine  on  W.  Norwegian — was 
39,399  tons. 

None  of  these  mines  are  shipping  coal. — (March  1,  1858.) 

Novelty  Golliery,  near  New  Philadelphia  (jiage  125  of  text)  —  Lessee,  George  Rickert,  (formerly,  Connor 
and  Rhoads). — A  slope-mine  upon  the  Spohn  Coal-bed  dips  Southward  35° ;  length,  750  feet ;  three  levels  below 
water-line  ;  the  two  lower  levels  are  300  feet  apart.  The  upper  and  middle  slope  gangways  are  now  abandoned. 
They  were  mined  900  yards  W.,  and  500  E.  The  lower  level  now  worked  is  400  yards  E.,  and  300  W.  The 
upper  levels  E  were  abandoned  because  of  a  fault  in  the  coal,  bearing  South-eastward. 

The  Spohn  seam  averages  4  feet  6  inches  of  coal.    It  is  overlaid  by  9  feet  of  slate,  which  forms  the  bottom 

*  An  error  will  be  detected  in  the  Casca  William  Section,  illustrating  the  structure  and  number  of  coal-seams 
at  this  point.  The  progress  of  mining  subsequent  to  the  construction  of  that  Section,  has  shown  that  the  beds  noted  at 
the  outcrop  as  the  Lyon,  Pasco,  and  Joe  Wright  seams,  are  the  same  which  have  been  cut  in  the  tunnel  successively 
beneath  the  slope  coal.  The  lowest  of  these,  after  forming  a  basin  at  the  tunnel-level,  rises  gently  Northwai-d,  and  at  or 
near  the  surface,  rolls  over  an  axis,  and  into  a  basin,  both  between  the  Axes  d  and  e  of  our  Section,  from  which  it 
emerges  to  crop  out  where  we  have  placed  it.  These  last  flexures  are  not  shown  in  our  Section,  and  will  account  for 
the  seeming  great  distance  of  the  Wright  below  the  Pasco  bed. 
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of  a  smaller  bed  3  feet  thick.  This  has  been  reached  by  short  tunnels  cut  from  the  Spohn  gangways,  and  is 
mined  parallel  with  the  latter. 

The  yield,  in  1857,  was  30,667  tons. 

Bare  Ridge  Colliery  (page  127  of  text) — Lessee,  John  G.  Hewes,  formerly  Oliver.— Situated  on  the  S. 
side  of  Bare  Ridge  opposite  Cwmbola.  Slope  on  the  tunnel  vein  S.  dip  30°  at  top,  increasing  to  41°  at  bottom  ; 
length,  865  feet  to  lower  level ;  below  water-line,  585  feet ;  three  levels — the  first  225  feet  below  water-level ; 
the  two  lower  180  feet  apart.  The  first  lift  is  worked  out  and  abandoned.  The  lower  level  is  mined  450  yards 
E  and  400  yards  W.  ;  the  middle  level,  300  yards  E.  and  W.  A  dirt-fault,  100  feet  wide,  crosses  the  E.  gang- 
ways obliquely,  bearing  South-eastward. 

The  coal  mined  at  this  colliery  bm-ns  to  deep  red  ash.  The  bed  between  slates  is  5  feet  thick  ;  though  of 
good  coal,  between  3  and  4  feet  only  is  mined.  There  are  three  benches  in  the  seam,  the  upper  and  middle 
usually  separated  by  5  or  6  inches  of  bony  coal. 

The  yield,  in  1856,  was  20,186  ;  in  1857,  22,194.* 

Silver  Creek  (page  1 20  of  text). — There  is  an  important  error  in  the  section  upon  Silver  Creek  which  we 
wish  here  to  correct.  By  referring  to  the  passage,  the  reader  vdll  perceive  an  interval  of  500  feet  is  represented 
as  existing  near  its  Northern  end  between  what  is  indicated  as  Dodson's  Orchard,  and  the  small  coal-seam  next 
below  the  Slope  coal  called  the  N.  Diamond.  This  interval  should  be  eliminated  by  shifting  the  Southern  part 
of  the  section  Northward,  so  that  the  Slope  coal  occupies  the  position  of  the  Orchard,  and  the  bed  next  below  it  the 
position  of  the  Primrose.  Making  this  correction,  it  will  at  once  appear  that  a  modification  of  the  nomenclature 
is  necessaiy,  and  we  are  compelled  to  regard  the  Primrose  Coal  as  the  proper  equivalent  of  what  we  have  called 
the  North  Diamond.  Any  corrections  or  deductions  based  upon  this  error  in  our  section  will  at  once  suggest 
themselves.  Thus  the  total  number  of  the  coal-beds  must  be  reduced  by  two,  and  a  change  must  be  made  in 
the  synonyms  of  the  Silver  Creek  Coal-beds. 

Madison  Colliery — G.  J.  Jones  (formerly  Beatty  &  Co.) — The  great  Chadwick  White- Ash  Coal-bed  (mined 
in  1853  by  Guiterman  &  Co.)  is  that  upon  which  the  operations  of  this  colliery  are  based.  On  Silver  Creek  no 
change  of  dip  is  observable  between  the  Chadwick  bed  and  the  Tucker  Slope  coal.  If,  notwithstanding  this  fact, 
the  seams  be  regarded  as  identical,  we  must  infer  that  there  is  at  this  point  a  sudden  and  sharp  inversion  of  the 
strata,  or  a  fault  along  which  the  Tucker  bed  has  been  upheaved  without  leaving  any  trace  of  North-dipping  strata. 

At  the  Madison  Colliery  two  drifts  enter  the  Chadwick  bed  at  different  levels  on  the  breast.  The  sub- 
divisions of  the  seam  are  as  follows  : — 


"South  Vein; 


Coal,  . 
Bony  Coal, 
Coal, 

Slate,  . 


Feet. 

12 

1 

4 


In. 

0 
6 
6 


"  North  Vein." 
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Coal,  . 

5 

0 

Slate,  . 

0 

3 

Coal,  . 

0 

2 

Slate,  . 

0 

6 

Coal,  . 

.  5-6 

0 

This  is  the  average  character  of  the  bed  Within  the  mine,  about  700  yards  E.  of  the  entrance  on  the 
upper  level,  the  5  feet  bed  of  slate  disappears  by  thinning  away,  or  is  lost  in  the  confusion  of  the  bed  which  is 
crushed  and  broken,  owing  to  a  circumstance  to  which  we  will  presently  advert.  This  confusion  of  the  bed 
extends  300  yards  E.  from  where  it  is  first  encountered ;  after  which  the  lower  division  seems  permanently 
enlarged,  and  the  whole  bed  is  sound. 

The  two  drifts  follow  the  bottom  slate  of  the  lower  division  E.,  and  short  cross  tunnels  through  the  dividing- 
slate  give  access  to  the  upper  member  or  S.  vein.  The  dip  at  the  mine  mouth  is  40° ;  this  gradually  declines  to 
25°,  and  rises  to  60°  in  the  E.  extension  of  the  workings.  In  the  upper  level  the  breasts,  ascending  both  the  upper 
and  lower  seams,  cut  through  coal,  dipping  nearly  vertically  N.,  and  then  pass  into  conglomerate  in  the  former 
case,  and  slate  in  the  latter.  These  breasts  became  successively  shorter,  and  at  600  yards  in  the  one  case,  E.  of  the 


*  Agard  and  Tyler's  Slope  at  Cwmbola,  also  that  of  the  same  operators  at  Belmont,  Colahau's  Shaft,  near 
Cwmbola,  and  the  old  Salem  Slope  at  Young's  Landing,  near  Pottsville,  are  all  worked  out  and  abandoned. 
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drift  month,  and  at  G50  yards  in  the  other,  the  rock  came  down  to  the  gangway  level.  The  facts  thus  stated  lead 
at  once  to  the  inference  that  the  small  anticlinal  roll  (D),  indicated  in  our  section  as  affecting  the  second  coal-seam 
below  the  Chadwick  Double  Bed,  declines  towards  the  E.,  and  causes  the  gi-eat  bed  to  fold  over  and  around  it 
into  nearly  vertical  N.  tlips.  It  is  for  this  reason  that  the  breasts  became  successively  shorter,  and  encountered 
the  wall  of  slate  and  sandstone.  The  sharpness  of  the  tm'n  causes  the  confusion  in  the  bed  at  the  point  of  the 
saddle  on  the  gangway  level,  while  the  slowness  with  which  the  crest  of  the  arch  droops  away  E.  gives  rise  to  the 
great  expansion  of  the  coal  at  that  point.  The  somewhat  exaggerated  thickness  assigned  to  the  bed  in  the  text 
(page  120)  is  due  to  this  abnormal  mass  of  coal. 

A  cross-cut  from  the  axis  of  the  saddle  cut  N.  60  yards,  crossed  a  basin  of  the  coal  which  rises  W.  and  into 
regular  S.  dips  ranging  E.  The  rise  W.  of  this  basin  is  proved  by  the  gang-way  W.  from  the  N.  end  of  the 
tunnel ;  in  this  the  coal  became  soft  and  crushed,  and  opposing  dips  were  found.  The  gangway,  E.  from  the  N. 
end  of  the  tunnel,  met  the  main  gangway  prolonged  from  its  S.  end. 

The  only  effect  of  this  dechning  saddle  and  rising  basin  in  the  lower  gangway  is  to  cause  some  variation  in 
the  slope  of  the  breasts,  until,  as  the  gangway  advances  E.,  the  breasts  from  it  are  worked  out  to  the  outcrop  with- 
out interference.  The  upper  coal  in  this  lower  level  is  nipped  out  by  the  approach  of  the  top  rock  to  the  bottom 
slates,  1100  yards  E.  of  the  mine  mouth.    The  gangway  on  the  lower  division  is  1450  yards  long. 

From  the  lower  level  the  coal  was  followed  down  the  dip  at  an  angle  of  25°  to  a  distance  of  38  yards, 
when  the  top  rock  came  vertically  down,  and  the  seam  was  entirely  cut  off.  This  may  be  due  to  a  faidt  with  an 
uj^throw  which  has  elevated  the  coal  far  above  water-level  at  the  Tucker  Slope  CoUiefy,  in  accordance  with  the 
views  of  those  who  regard  the  seams  as  identical,  or,  what  is  more  probable,  as  a  simple  crushing-out,  Avith 
perhaps  a  trivial  dislocation  of  the  bed. 

The  Madison  Colliery,  in  1856,  shipped  38,431  tons  of  coal ;  in  1857,  22,061  tons. 

Guiterman's  Colliery  (page  120  of  text) — Lessee,  H.  Guiterman  &  Co. — The  next  seam  below  the  Chad- 
wick Bed  mined  at  this  colliery  is  also  a  white  ash  coal,  subdivided  as  foUows  : — 

Coal,  from  5  to  6  feet ;  Slate,  1  foot ;  Coal,  impure,  3  feet. 

The  anticlinal  and  synclinal  flexures  alluded  to  in  describing  the  Madison  CoUiery,  have  affected  this  bed 
in  a  precisely  similar  manner.  The  water-level  gangway,  driven  E.,  encounters  faulty  or  crushed  coal  500  yards 
from  the  mine-mouth,  and  about  the  same  distance  W.  of  the  similar  disturbance  in  the  Chadwick  Bed.  The 
gangway  was  prolonged,  through  this  and  across  the  adjoining  crushed  basin,  into  sound  coal  on  a  regular  S. 
dip  of  45°. 

The  middle  level  was  abandoned  when  it  reached  the  point  of  the  saddle.    Tlie  upper  level  is  a  drift  work- 
ing out  coal  from  the  S.  dips  of  the  basin.    Aggregate  length  of  gangways,  2400  yards. 
This  colliery  yielded,  in  1856,  20,700  tons ;  in  1857,  15,636  tons. 

Silver  Greek  Colliery  (page  121  of  text) — Lessee,  John  Tucker. — This  is  a  Slope  mine,  descending  S.  on 
the  bottom  slate  of  the  "  North  Vein,"  at  an  angle  declining  from  60°  near  the  top  to  40°  at  the  bottom.  Length 
of  slope,  447  feet ;  below  water-level,  297  feet. 

The  thickness  of  th'e  bed  is  very  variable  ;  it  is  estimated  to  yield  10  feet  of  coal,  subdivided  as  foUows : — 
Coal,  4  feet  G  inches  ;  Slate,  from  4  to  1 2  inches  ;  Coal  (blacksmith's),  from  20  to  24  inches  ;  Bony  coal,  from  6  to  9 
inches  ;  Coal,  5  feet. 

From  the  foot  of  the  slope  a  tunnel  is  cut  S.  25  feet  through  slate  to  the  "  South  Vein."  This  seam  is 
30  feet  thick,  but  crushed  at  the  tunnel  in  the  E.  gangway.    Its  normal  subdi\dsions  are, — 

Bony  Coal,  3  feet ;  Slate,  9  inches ;  Coal,  1  foot  G  inches  j  Slate,  2  inches ;  Coal,  2  feet  ;  Slate,  2  inches  ;  Coal, 
1  foot  6  inches ;  Dirt  and  slate,  1  foot  3  inches. 

The  slate  division  between  these  two  beds — the  "North  and  South  Veins" — increases  at  the  water-level 
going  E,  from  6  inches  to  30  feet.  In  the  slope  gang-ways  a  similar  gradual  enlargement  occurs,  amounting  to 
50  feet  of  strata,  reqidring  a  tunnel  126  feet  long  between  the  two  seams,  at  a  point  500  yards  E  of  the  slope. 

The  slope  gangway  E.  on  the  lower  coal  is  1500  yards  long,  on  the  upper  beds  1000  yards.    The  presence 
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of  a  synclinal  trough  rising  W.  causes  a  slight  deflection  in  the  gangway  on  the  upper  coal  W.  of  the  tunnel 
above  alluded  to.  This  basin  is  probably  the  W.  prolongation  of  that  encountered  in  the  Old  Raven  Slope  on 
Casca  WiUiam. 

Tlie  W.  gangway  from  the  tunnel  is  now  abandoned,  the  coal  having  proved  faulty. 
The  yield,  in  185G,  was  69,55-i  tons ;  in  1857,  34,641  tons. 

Neill's  Slopes  on  the  N.  Diamond  (Primrose)  and  S.  Diamond  (Orchard)  seams,  were  both  abandoned 
early  in  1858.  The  first  is  about  200  feet  long,  the  latter  591,  dipping  35°  to  45°  S.  A  tunnel  driven  N.  from 
the  gangway  of  the  Orchard  Seam  cut  the  Primrose  Bed  in  210  feet,  and  the  Holmes  in  375  feet.  The  anti- 
clinal (E.)  ranges  205  feet  N.  of  the  latter. 

Diamond  Colliery' — J.  M.  Lewis  &  Co.  (formerly  Winterstein) ;  in  1853,  Chadwick  &  Co. — A  slope  is  sunk 
on  the  Gin  Seam  at  an  angle  of  55°  S.  on  the  S.  side  of  anticlinal  axis  G.,  and  W.  side  of  Silver  Creek.  Length, 
120  yards  to  lower  level.  Upper  level,  60  yards  from  the  surface.  The  upper  gangway  is  driven  100  yards  E. 
and  1000  yards  W.  From  the  gangway,  40  yards  W.  of  the  slope,  a  tunnel  is  cut  30  yards  Northward  to  the 
Diamond  Seam,  upon  which  a  gangway  is  driven  1000  yards  W. 

The  lower  gangways  are  recently  started.  The  Slope  coal  averages  10  feet  6  inches  in  thickness  ;  the 
Diamond,  from  4  feet  6  inches  to  6  feet.    Both  seams  were  somewhat  crushed  and  dirty  in  the  breasts. 

In  1857,  7591  tons  were  mined  and  sent  to  market. 

ZACHARIAH'S  EUK 

Oakdale  Colliery  (page  128  of  text) — Valley  Furnace  Lands,  Windy  Harbour — Lessees,  Whitfield  & 
Dornan. — Slope  Mine  sunk  on  the  N.  dip  of  the  Diamond  Coal  at  an  angle  of  65°.  Length,  105  yards  ;  below 
water-level,  83  yards.  The  Diamond  Vein  is  subdivided  by  a  slate  band,  3  inches  thick,  into  an  upper  bench 
3  or  4  feet,  and  a  lower  2  feet  thick.  Upon  it  gangways  are  working  E.  and  W.  In  the  E.  gangway,  50 
yards  from  the  Slope,  the  coal  is  compressed  to  18  inches  thickness,  for  a  distance  of  15  yards,  by  the  approach  of 
the  top  and  bottom  slates. 

From  the  foot  of  the  Slope  a  tunnel  is  driven  N.  33  yards  to  the  Primrose  Searfi.    The  thickness  of  this 
bed  has  not  been  yet  proved,  nor  have  any  gangways  entered  it. 
The  yield  in  1857,  from  two  months'  mining,  was  1356  tons. 

Windy  Hay-hour  Colliery — Bowman  &  Co.  (formerly  tS.  Sillyman). — This  slope,  situated  at  the  head  of  the 
vaUey  of  Zachariah's  Run,  is  sunk  100  yards  on  the  Skidmore  Seam  at  an  average  dip  of  60°.  From  the  foot  of 
the  slope  a  tunnel  is  cut  Southward  117  feet  to  the  Mammoth  Bed,  also  dipping  steeply  S.  This  seam  at  the 
tunnel  is  20  feet  thick,  in  two  main  divisions,  separated  by  2  feet  of  slate.  This  slate  grows  thicker  going  E.  ; 
and  within  100  feet  from  the  tunnel  it  gives  place  to  a  stratum  of  sandstone,  which  completely  divides  the  coal 
into  a  lower  seam  10  feet  thick,  and  an  upper  12  or  15  feet.  The  gangways  following  the  two  divisions  of  the 
coal  diverge  gradually,  and  1400  feet  E.  of  the  point  of  separation  are  95  feet  apart.  At  this  point  the  S.  gang- 
way deflects  Southward  for  100  feet  on  faulty  coal,  dipping  gently  Westward,  and  then  turns  E.  The  N. 
gangway  pursues  a  normal  direction  until  influenced  by  a  W.  dip  which  deflects  the  gangway  Southward.  The 
coal  at  this  point  is  shelly  and  impure.  The  Slope  coal  is  10  feet  thick,  including  several  slate  divisions.  The 
average  amount  of  coal  is  7  or  8  feet.    It  is  mined  800  feet  E.  from  the  Slope. 

The  yield  of  the  Colliery,  in  1857,  was  13,870  tons. 

E.  EAVENSDALE. 

Latvrence  Grove  Colliery  (i3agel30  of  text) — R.  M.  and  L.  Levsis's  Tract,  in  the  valley  of  E.  Ravensdale — 
Lessee,  William  Price. — This  is  a  drift-mine  working  E.  upon  the  Primrose  Bed,  or  Fitzimmon's  Coal  of  Zachariah's 
Run,  dipping  36°  S.  from  the  fifth  anticlinal  S.  of  Mine  Hill.  Its  thickness  is  variable,  between  8  and  14  feet ; 
average,  10  feet ;  it  is  in  two  benches,  separated  by  a  dirt-parting.  Length  of  gangway  800  yards,  and  about  250 
yards  from  an  old  gangway  driven  W.  from  Zachariah's  Run  ;  breast  on  coal  50  or  60  yards.  A  tunnel  is  cut 
61  yards  Northward  from  the  gangway,  50  yards  E.  of  the  entrance  to  the  Holmes  or  Henderson  Coal,  which  is 
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5  feet  thick,  in  two  benches.  This  has  not  yet  been  mined  to  any  extent.  Immediately  N.  of  the  outcrop  of  the 
Hohnes  Seam,  an  anticlinal  (H)  passes,  which  causes  that  bed  to  turn  over  into  steep  N.  dips.  The  Primrose  Bed 
has  been  mined  towards  the  W.  from  Zachariah's  Run  on  the  nearly  vertical  N.  dip  of  this  saddle,  by  J.  J.  Wil- 
liams, who  obtained  from  it,  in  1857,  4524  tons.  A  slope  wiU  probably  be  sunk  at  Price's  Colliery  at  an  early  day. 
In  1856,  Mr  Price  mined  6967  tons  ;  in  1857,  22,649  tons. 

In  the  valley  of  Zachariah's  Rmi,  Mr  John  G.  Hewes  of  Pottsville,  in  the  year  1856,  conducted  a  boring, 
which  was  made  from  the  water-level  on  the  fifth  anticlinal  S.  of  Mine  Hill  (H),  beneath  the  arch  of  the  Brooke 
Seam,  now  regarded  as  the  equivalent  to  the  "  Seven-foot  Vem"  overlying  the  Mammoth.  This  boring,  93  feet 
deep,  cut  a  large  coal.  A  slope  was  subsequently  sunk  100  yards  on  the  Brooke  Seam,  dipping  N.  80°,  and  a 
timnel  driven  S.  74  feet  to  the  Mammoth.  Where  cut  by  the  tunnel,  this  bed  was  only  4  feet  thick,  but  it 
widens  out  in  the  breasts  to  25  feet.    A  colliery  will  be  established  at  this  point. 

CROW  HOLLOW. 

Rainbow  Colliery  (page  131  of  text) — Kirk  &  Baum  (formerly  S.  Sillyman). — These  mines  are  exclusively 
above  water-level.  The  present  gangways  are  entered  by  a  tunnel  driven  Northward  from  the  valley  of  Crow 
HoUow,  about  half  a  mile  E.  of  Snyder's  Mount  Hope  Slope.  This  tunnel  is  400  feet  long  to  the  7-feet  coal,  and 
is  prolonged  with  a  slight  change  of  direction  to  the  Mammoth  Bed.  Upon  both  of  these  beds  gangways  are 
driven  Eastward  a  great  distance.  The  coals  possess  their  average  dimensions,  and  dip  10°  S.  at  the  tunnel 
In  the  W.  gangway  the  7-feet  bed  is  faulty  and  impiire.  The  workings  upon  the  Big  Coal  have  warped  "around 
a  declining  anticlinal,  that  likewise  affects  gangways  of  the  Mount  Hope  Mine,  and  into  the  rising  basin  next 
N.  of  it.  It  is  to  be  observed  regarding  these  curvatures  of  the  gang-way,  that  the  effect  of  the  rapidly-rising 
basin  is  to  cause  W.  dips,  while  the  saddle  will  faU  to  present  decided  N.  dips,  merely  causing,  in  miners'  lan- 
guage, a  "  throw "  of  the  vein  to  the  Southward.  The  flexures  are  traceable  as  more  important  roUs  of  the 
strata  farther  Eastward. 

A  few  hundred  feet  N.E.  of  this  point  a  tunnel  is  cut  Northward  85  yards  from  the  outcrop  of  the  Big  Coal  to 
what  is  known  as  the  Skidmore  Seam.  In  the  gangway  the  coal  is  pinched  down  to  18  inches,  and  the  mining 
in  that  direction  was  abandoned.  Eastward  the  coal  is  thin  for  10  yards  ;  it  then  enlarges,  and  the  gangway  is 
driven  upwards  of  1-|-  miles.  The  thickness  of  the  bed  varies  from  6|  to  8  feet,  and  it  is  underlaid  by  3  feet 
of  dirt  and  slate. 

The  yield  of  this  colliery,  in  1856,  was  65,871  tons;  in  1857,  these  mines,  and  the  Carey  Slope  to  be 
described,  yielded  together  90,888  tons. 

Crow  Hollow. — Sawmill  Tract  (page  131  of  text) — M.  C.  Diehl's  Drift  follows  the  Holmes  Bed  600  yards 
Eastward.  The  average  thickness  of  coal  is  5  feet  6  inches  in  two  benches,  sometimes  sepai-ated  by  2  inches  of 
bone  coal.  Dip  32°  S.  at  the  drift-level,  declinmg  to  20°  in  the  breasts.  Length  of  breasts,  60  yards.  The 
yield,  in  1856,  was  8629  tons  ;  in  1857,  6621. 

Near  the  outcrop  of  the  Primrose  Bed,  60  yards  S.  of  Diehl's  Drift,  a  boring  was  made  in  1853  upon  the 
lands  of  the  North  America  Company.    The  notes  of  this  boring  are  akeady  presented  on  p.  134. 

MILL  CREEK. 

Eagle  Colliery  (page  132  of  text) —Lessee,  William  H.  Jones. — The  great  White-ash  Coal-seam,  lying  near 
the  base  of  the  Coal-measures  on  Mill  Creek,  is  wrought  at  this  colliery  by  slope  and  water-level  di'ift.  The 
drift  enters  upon  a  bed  commonly  called  the  "  Seven-foot,"  which  is  separated  from  the  great  bed  by  from  6  to 
9  feet  of  slate.    The  following  section  represents  these  beds  : — 

Coal  streaked  with  slate,  more  or  less  impure,  6  to  7  feet ;  Slate,  G  to  9  feet ;  Coal,  5  feet ;  Coal,  7  feet ;  Slate, 
sometimes  absent,  2  feet  5  inches ;  Coal,  2  feet ;  Coal,  7  feet ;  Slate,  5  iuches ;  Coal,  sometimes  dirt  and  slate,  2  feet. 

From  the  gangway  on  the  "  Seven-foot  Bed,"  the  underlying  big  coal  is  entered  by  tunnels  cut  through  the 
dividing-slate.    The  dip  at  the  drift  entrance  is  25°  S. ;  this  gradually  increases  E.  until  the  coal  stands  vertically. 
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but  it  gradually  declines  again  while  the  direction  of  the  dip  changes,  and  the  gangway,  following  the  bed,  warps 
round  the  basin  of  the  coal  at  a  distance  of  4800  feet  E.  After  making  this  turn  the  gangway  ranges  W., 
nearly  parallel  to  its  former  course  upon  the  opposite  or  S.  side  of  the  basin.  At  this  level  the  basin  is  300  feet 
wide.  The  presence  of  an  anticlinal  (probably  the  true  axis  D  of  Silver  Creek  and  Casca  William,  if  we  regard 
axis  D  of  the  Mill  Creek  Section  as  local),  lying  S.  of  the  basin  and  sinking  "W.,  causes  the  gangway  to  sweep 
S.  and  E.,  while  the  coal  dips  at  a  low  angle  to  every  point  of  the  compass,  from  N.  to  W.  and  into  the  regular 
S.  dip  of  the  anticlinal.  The  latter  cui'vature  is  2200  feet  W.  of  the  former.  Passing  this,  the  gangway  observes 
its  normal  direction  towards  the  E.  Along  the  line  of  the  basin  and  saddle  rising  gangways  follow  the  coal  E. 
towards  the  outcrop. 

The  slope  descends  S.  on  the  bottom  slate  of  the  Great  Bed  573  feet  to  the  lower  level ;  to  the  upper  level, 
311  feet.  The  angle  of  dip  declines  from  27°  at  the  top  to  11°  at  the  bottom.  In  sinking  this  slope  a  serious 
distm-bance  in  the  strata  was  encountered,  which  for  a  time  impeded  profitable  mining.  About  150  yards  from 
the  top  of  the  slope,  the  gi-eat  bed,  which  had  hitherto  held  its  normal  thickness,  was  found  compressed  by  the 
approach  of  the  overlying  and  underlying  strata.  This  thinning  of  the  bed  continued  until  at  length  the  seam 
had  entirely  disappeared,  or  its  horizon  was  indicated  only  by  a  thin  streak  of  black  dirt.  The  lower  portion  of 
the  slope,  therefore,  is  cut  through  rock.  From  the  foot  of  the  slope  the  leader  was  followed  about  50  yards 
E,  when  the  top  and  bottom  diverged,  and  the  bed  resumed  its  normal  dimensions.  The  course  of  this  "  nip" 
is  S.  of  E.  A  similar  trouble  occurred  in  Chillis's  old  water-level  gangways  upon  the  same  seam  on  the  W.  side 
of  Mill  Creek,  and  caused  the  abandonment  of  those  mines.  The  lower-level  gangway  from  the  slope  is  mined 
E  about  1800  feet.  At  that  distance  it  encountered  a  wall  of  rock  running  obliquely  across  the  gangway  in  a 
direction  N.  20°  E.,  the  face  of  which  dips  towards  the  gangway  at  an  angle  of  30°.  Approaching  this  the  coal 
becomes  confused  and  contorted.  The  coal  rises  along  the  face  of  this  rock  20  feet,  though  diminished  in  thick- 
ness, and  on  top  of  it  lies  nearly  horizontal  Followed  E.  from  the  fault  which  we  have  indicated,  the  bed  is 
completely  nipped  out  in  200  yards  by  the  approach  of  the  top  and  bottom  slates. 

The  anticlinal  roll  which  we  have  noticed  as  causing  a  curvature  of  the  water-level  gangway  on  the  big 
coal,  descends  so  rapidly  W.  as  to  leave  no  indication  of  its  presence  at  the  slope ;  but  about  1500  feet  E.  of  the 
slope  it  causes  the  upper-level  gangway  to  branch — one  part  following  the  very  gentle  N.  dip  of  the  saddle,  the 
other  its  W.  and  S.  dips.  The  latter  gangway  has  recently  encountered  the  same  rock-fault  previously  noticed 
as  causing  a  stoppage  of  the  lower  level.  At  this  point  the  rock  dips  60°  N.  to  80°  W.  at  the  gangway  level.  As 
in  the  former  case  the  coal  is  confused,  and  rises  along  the  plane  of  the  rock,  but  under  what  thickness,  and  how 
far,  has  not  yet  been  determined.  An  attempt  is  being  made  to  follow  the  coal  in  the  hope  that  the  upheaval 
has  not  injured  its  quaUty  on  the  level  of  the  uptlu'own  portion. 

It  is  to  be  observed  that  the  bearing  of  this  fault  intersects  the  range  of  the  strata  at  an  angle  of  about  50°. 
Its  line  must  therefore  cross  the  sadcUe ;  but  it  seems  to  have  caused  no  disturbance  in  the  drift-level,  before 
reaching  which  its  effects  must  have  expired.  We  have  not  sufficient  data  to  guide  us  to  a  full  understanding  of 
the  nature  and  extent  of  this  curious  disturbance  in  the  strata. 

The  yield  of  this  colliery,  in  1856,  is  reported  at  83,71 2  tons  ;  in  1857,  88,040  tons. 

The  seam  underlying  the  Johns  Bed,  locally  known  as  the  Skidmore,  was  wrought  in  1857  by  J.  Schlotman 
&  Co.,  from  a  drift  above  water-level.  It  is  4|  or  5  feet  thick,  and  yielded  5099  tons.  A  bed  occupying  the 
same  relative  position  to  the  Big  coal  on  the  N.  side  of  Mine  Hill  dipping  N.,  was  wrought  by  W.  J.  Uhler,  and 
produced  5260  tons. 

Pine  Forest  Slope  (page  132  of  text) — Lessee,  George  W.  Snyder  (formerly,  Snyder  &  Milnes). — This 
colliery  is  situated  upon  the  Great  Mammoth  Bed,  and  its  overlying  contiguous  coal-bed,  known  as  the  Seven- 
feet  coal.    The  former  of  these  presents  the  following  average  subdivisions  : — 

Slate  and  coal  mixed,  2  to  3  feet ;  Good  coal,  4  feet  6  inches  ;  Parting,  sometimes  thin  slate  ;  Hard  good  coal,  7 
feet ;  Parting ;  Hard  coal,  5  feet ;  Slate  and  dirt,  1  foot ;  Hard  coal,  7  feet ;  Slate,  6  inches  ;  Coal,  sometimes  soft,  2  feet  3 
inches. 

This  will  represent  the  condition  of  the  bed  under  favourable  circumstances  at  the  several  Mill  Creek 
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Collieries,  where  it  is  mined.  The  Mammoth  Bed  is  overlaid  by  a  stratum  of  slate,  from  7  to  9  feet  in  thick- 
ness, upon  which  reposes  the  "  Seven-foot  Vein."    The  several  parts  are  as  follows  : — 

Good  coal,  including  a  thin  variable  slate,  2  feet ;  Parting ;  Good  coal,  5  feet ;  Slaty  and  bony  coal,  8  feet  1 0 
inches  ;  Kough  coal,  1  foot  6  to  2  feet. 

The  Pine  Forest  Slope  descends  S.  at  an  angle  of  17°  upon  the  bottom  slate  of  the  Mammoth  Coal  Bed  for 
650  feet,  and  deflects  30°  E.  to  keep  within  the  line  of  the  property  ;  length  between  levels,  380  feet — total,  1030 
feet.  The  sump  gangway,  to  be  used  as  a  water  reservou-,  encoimtered  the  basin  of  the  coal  150  feet  from  the 
foot  of  the  slope.  This  basin,  ranging  E.  in  the  bearing,  N.  72°  E.,  and  rising  in  that  direction,  causes  the  upper 
level  gangway  E.  to  curve  S.  round  the  end  of  it ;  S.  of  the  basin  the  presence  of  a  partially-developed  anticlinal 
roU  in  the  coal  drooping  W.  causes  a  reverse  curve  in  the  gangway,  which  there  observes  its  normal  direction. 
The  deflections  occui'  half  a  mile  W.  of  the  slope.  From  the  upper  gangway  the  top  slate  is  cut  through  one- 
thiixl  of  a  mile  R  of  the  slope,  and  a  gangway  is  driven  on  the  Seven-feet  coal-bed. 

The  lower  level  gangway  is  influenced  by  the  same  basin  which  affects  the  upper  level  in  a  similar  manner ; 
it  will  eventually  sweep  round  to  the  E.  parallel  with  the  upper  workings.  The  upper  level  is  5000  feet  long,  and 
is  now  abandoned.    No  gangways  have  been  driven  W.  from  the  slope. 

The  Mount  Hope  SlojJe  Mine  is  situated  one-third  of  a  mile  E.  of  the  preceding,  and  conducted  by  the  same 
person.  It  follows  the  bottom  slate  of  the  same  great  seam  at  an  angle  of  23°  S.  13°  E.  to  the  basin  of  the 
coal ;  length  to  the  basin,  720  feet.  In  prolongation  of  the  direction  of  the  slope,  an  incUned  plane  on  the 
opposite  dijj  rises  at  an  angle  of  about  15°  for  200  feet,  and  is  continued  as  a  slowly  rising  gangway  until, 
passing  the  crest  of  the  saddle  previously  noticed  as  affecting  the  iipper  gangway  of  the  Pine  Forest  Slope,  it 
curves  W.  and  ranges  along  the  flank  of  the  arch.  At  diff'erent  levels  on  the  rising  gang-way,  roads  are  run 
ofi"  to  the  E.  From  the  foot  of  the  slope,  and  from  a  higher  level  on  the  rising  plane,  gang-ways  diverge  S.W., 
which  curve  concentrically  around  the  saddle,  returning  into  the  main  avenue.  In  several  parts  of  the  mine 
short  tunnels  are  cut  into  the  Seven-feet  coal,  upon  which  gangways  are  driven. 

A  gangway  cut  E.  from  the  foot  of  the  slope  rose  towards  the  surface  with  the  W.  dip  of  the  coal, 
but  at  800  feet  distance  was  impeded  by  a  rock-fault.  Air-courses  are  run  up  the  breasts  of  the  coal  at 
convenient  points,  by  which  the  mine  is  ventilated.  The  total  length  of  the  gangways  in  this  mine  is  about 
3j  miles. 

St  Clair  Colliery — Lessees, , William  Milnes  &  Co.  (formerly  Pinkerton). — This  slope  mine  descends  upon 
the  Mammoth  Coal-bed  on  the  W.  side  of  the  valley  of  Mill  Creek  in  range  with  the  Pine  Forest  Slopes.  Its 
length  slightly  exceeds  1200  feet,  inclined  S.  at  an  angle  of  23°  at  the  top,  but  becoming  nearly  flat  at  the 
bottom.  There  are  three  levels  of  gangway  in  the  mine — the  first  500  feet  from  the  top,  the  second  250  feet 
lower ;  none  of  these  are  mined  to  the  E.  The  upper-level  gang^vay,  W.,  has  worked  out  nearly  aU  the  coal 
aljove  it  as  far  W.  as  the  property  line.  The  two  lower  levels  have  not  advanced  far.  The  lowest  gangway 
ranging  W.,  deflects  S.,  owing  to  the  nearly  flat  dips  of  the  basin  of  the  coal.  The  water-level  drifts  upon  the 
overlying  Primrose  Coal-bed  were  similarly  afiected.  The  thickness  of  the  Big  coal  and  the  Seven-feet  is  normal 
at  the  slope,  though  the  latter  is  faulty  ;  but  followed  W.,  the  Big  coal  dwindles  to  15  feet,  while  the  Seven-feet 
increases  to  a  thickness  of  15  feet,  the  quality  of  the  coal  not  deteriorating. 

The  yield  of  this  colliery,  in  1856,  was  123,128  tons ;  in  1857  it  feU  off"  to  81,135  tons. 

Carey  s  Slope  Mine — (Lessees,  Kirk  &  Baum). — This  slope  is  650  feet  W.  of  the  Pine  Forest  Slope,  and 
descends  upon  the  same  Great  Mammoth  Bed  upon  the  adjoining  tract ;  length,  831!  feet,  inclining  South- 
ward 24°  at  the  top,  dechning  to  l-i°  below.  The  gangway  W.  from  the  slope  is  1000  feet  long.  Eastward, 
two  gangways  are  laid  out,  one  following  the  bottom  slate  of  the  bed,  the  other  keeping  immediately  beneath 
the  top  slate  ;  from  the  latter  an  aii--way  descends  along  the  dip  of  the  coal  at  an  average  angle  of  15°  to  the  R 
gangway  workings  from  Carey's  Shaft.  In  one  part  of  this  air-way  a  local  upward  bulge  in  the  roof-slate  causes 
an  increased  thickness  of  the  bed.  The  two  Eastern  gangways  above  alluded  to  converge  in  working  horizontal 
coal,  from  which  point  the  main  gangway  turns  Southward  on  the  W.  dip  of  the  bed,  and  finally  sweeps  to  the 
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Eastward  upon  its  regular  S.  dip.  From  the  top  of  the  slope  a  short  tunnel  is  cut  to  the  overlying  7-feet  coal, 
upon  which  gangways  and  breasts  are  mined  out  in  the  usual  manner. 

Carey's  Shaft  Colliery  (page  133  of  text) — Lessees,  Kirk  &  Baum. — A  perpendicular  shaft  is  sunk,  cutting 
the  Primrose,  Holmes,  and  several  trivial  beds,  and  the  7-feet  and  Mammoth  seams  to  the  bottom  slate,  of  which 
the  depth  is  stated  to  be  435  feet.  The  last  two  beds  only  are  mined.  They  present  the  usual  subdivisions  and 
thicknesses  proper  to  them  in  the  district,  as  we  have  previously  stated  them.  The  average  of  good  coal  is  16 
feet  in  the  large  bed,  and  7  feet  in  the  smaller  seam. '  The  gangways  observe  a  normal  direction  from  the  shaft 
Eastward  1000  feet,  and  Westward  700  feet.  In  the  latter  direction  the  dip  of  the  coal  does  not  exceed  10°  S. 
Two  tunnels  are  driven  to  the  7-feet  bed,  upon  which  gangways  are  laid  out. 

Primrose  Slope  (page  134  of  text) — Lessee,  F.  J.  Parvin. — The  slope  follows  the  bottom  slate  of  the 
Primrose  Pink-Ash  Coal-seam  100  yards  to  the  first  level  at  an  angle  of  20°,  and  65  yards  at  a  dip  of  15°  to  the 
second  level,  at  which  the  coal  turns  flat  for  20  yards,  and  then  dips  Southward  at  an  angle  of  8°.  The  coal-bed 
averages  14  feet  in  thickness  in  two  benches,  without  dividing-slate  ;  parts  of  the  lower  bench  are  occasionally 
somewhat  bony.  The  upper  level  is  worked  140  yards  E.,  and  600  yards  W.  The  lower  level  follows  the  hori- 
zontal coal  120  yards  E.  ;  the  coal  becomes  soft  in  that  direction.  This  flattening  of  the  seam  is  due  to  the  rise 
of  two  small  basins,  which,  as  they  sink  Westward,  cause  the  gangways  to  diverge  in  that  direction.  The 
Southern  gangway  occupies  the  centre  of  the  Southern  Basin  ;  it  ia  200  yards  long.  The  breasts  on  the  bottom 
slate  of  the  coal  rose  from  this  15  yards  S.,  and  5  yards  K,  at  both  of  which  points  the  strata  roll  over  into  con- 
trary dips.  The  Northern  basin  was  followed  by  a  slope,  but  the  influx  of  water  caused  its  abandonment.  Tlie 
Northern  gang^vay  on  the  main  slope  breast  of  the  coal  is  at  present  300  yards  long.  The  breasts  from  it 
extend  to  the  upper  gangway  level,  an  average  distance  of  50  yards. 

This  slope  raised,  in  1856,  25,330  tons. 

In  1857,  this  colliery,  and  a  Red-Ash  slope-mine  to  be  described,  leased  by  the  same  party,  yielded,  with 
five  months'  working,  19,846  tons. 

Lewis  Red-Ask  Colliery  (page  135  of  text) — Lessee,  F.  J.  Parvin. — A  slope-mine  on  the  bottom  slate  of 
the  Peacock  Coal-bed  100  yards  below  water-level.  Coal,  6  feet  thick  ;  dip  45°  S.,  increasing  to  50°.  This  seam 
has  been  worked  out.  From  the  gang-way,  200  yards  W.  of  the  slope,  a  tunnel  is  cut  Southward  40  yards, 
through  rock  and  slate,  to  the  Clinton  Coal,  3  feet  thick.  Dip  50° ;  upon  which  a  gangway  W.  is  600  yards 
long.  The  tunnel,  prolonged  62  yards  through  rock-slate  and  two  small  coal-seams,  inteisects  the  Big  Tracy, 
and  is  to  be  extended  to  the  Little  Tracy,  which  it  is  expected  to  strike  near  the  basin.  The  Big  Tracy,  where 
it  was  cut  by  the  tunnel,  is  20  feet  thick,  but  sheUy  and  impure.  Its  iiniform  normal  thickness  varies  between 
6  and  8  feet,  including  2  feet  of  bony  coal ;  the  latter  is  not  always  present.  Dip,  50°  S.  ;  gangway,  W.,  200 
yards  long. 

Production,  in  1856,  17,296  tons. 

Lewis  Red- Ash  Colliery,  E.  side  of  Mill  Creek  (page  135  of  text) — George  W.  Snyder's  (formerly,  Snyder 
&  Milnes). — The  slope  is  sunk  upon  the  Levsds  Coal-bed,  dipping  S.  at  an  angle  of  30°  to  32°.  Length,  below 
water-level,  84  yards  ;  to  water-level,  33  yards  ;  gangway  E.,  1800  yards.  ]70  yards  E.  of  the  slope  a  tunnel  is 
driven  N.  165  yards,  by  estimation  of  the  mine  captain,  through  slate  and  rock  to  the  Yard  coal,  which  has 
been  worked  E.  to  the  line.  The  tunnel  is  prolonged  50  yards  Northward  to  the  Spohn  Bed,  which  was  found 
in  fault ;  a  second  tunnel  is  therefore  cut  to  this,  400  yards  E.  of  the  former  ;  the  coal  stiU  proves  faulty,  though 
a  Umited  amount  of  good  fuel  has  been  taken  fi'om  it. 

The  Lewis  Seam  is  4  feet  6  inches  thick,  and  is  not  subdivided  by  any  persistent  slate-bands.  The  Yard 
coal  is  nearly  3  feet  thick.  Both  these  beds  are  subject  to  irregularities  arising  from  the  approach  of  the  top 
and  bottom  slates  on  the  one  hand,  or  from  mere  degeneracy  into  black  crumbly  dirt  on  the  other.  The 
frequent  recurrence  of  these  conditions  in  this,  as  in  many  other  mines,  has  sadly  interfered  with  the  profits  of 
the  colliers. 

A  new  lift  of  90  yards  is  about  to  be  sunk  upon  the  Lewis  Bed. 
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Flowery  Field  Slope,  N.W.  of  WadesviUe  (page  146  of  text) — Wasley  &  Co. — This  .slope  is  sunk  at 
an  angle  of  37°  obliquely  u2)on  the  bottom  slate  of  the  "  7-feet  Vein,"  the  true  clip  of  which  is  44°  S.  It  is 
684  feet  long.  The  Slope  coal  at  this  mine  presents  the  unusual  thickness  of  12  or  14  feet.  It  has  been  worked 
1100  feet  E.  from  the  .slope.  The  slate,  12  feet  thick,  dividing  this  bed  from  the  Mammoth  Seam,  has  been  cut 
through  by  a  short  tunnel  150  feet  E.  of  the  slope;  and  a  gangway  is  driven  E.  500  feet  upon  the  latter.  The 
Mammoth  Seam  is  25  feet  thick.  The  colliery  is  not  now  worked.  In  1857,  Track  &  Spencer  shipped  coal 
from  it  during  a  part  of  the  year. 

Flowery  Field  Tunnel — Lessee,  Mr  James  (formerly  George  Mason). — This  tunnel  is  driven  Southward 
310  feet  to  the  Flowery  Field  or  Orchard  Coal-bed,  dipping  gently  S.  The  bed  is  from  5  to  5  feet  6  inches 
thick.  Over  the  top  slate,  which  is  4  feet  thick,  a  3-feet  bed  of  coal  is  wrought  from  this  timneL  From  the  gang- 
way, 200  feet  W.  of  the  tunnel,  a  cross-cut  extends  200  feet  Southward  through  nearly  flat  coal  and  rock  occupy- 
ing the  central  parts  of  the  basin  to  the  N.  dip  of  the  same  beds.  The  gangways  Westward  from  the  two  ends 
of  this  cross-cut  converge  and  unite  in  350  feet.  Gangways  are  cut  in  various  directions  through  the  coal  occupy- 
ing the  basin,  until  about  750  feet  W.  of  the  convergence  of  the  gangways  they  are  afiected  by  the  deepening  of 
a  basin,  the  axis  of  which  is  nearly  in  line  with  this  basin,  rising  Westward  ;  this  causes  a  divergence  of  the 
gangways.  The  Southern  branch  deflects  Southward  upon  the  W.  end  of  the  drooping  anticlinal  that  passes 
between  the  old  slopes  on  the  North  and  South-dipping  Primrose  Coal. 

An  upper-level  drift  on  the  breast  of  the  Flowery  Field  bed,  600  feet  N.  of  the  tunnel  gangway,  is  worked 
half  a  mile  Westward.  There  is  some  confusion  in  the  bedding  of  the  coal  in  this  drift,  and  some  evidence  of  a 
shallow  narrow  basin  producing  a  divergence  of  the  gangways.  The  main  N.  gangway  only  on  the  regular  S. 
dip  is  now  mined. 

These  mines  yielded,  in  1856,  16,581  tons;  in  1857,  18,943  tons. 

A  fourth  of  a  mile  E.  of  Mason's  Tunnel,  on  East  Norwegian,  C.  Frantz  &  Co.  are  mining  the  Orchard 
and  Primrose  seams  above  water-level  on  the  EUmaker  Tract.  The  Orchard  Bed  dips  Southward  10°  or  12°  at 
the  drift-entrance  ;  but  on  the  breasts,  55  yards  above  the  gangway,  200  yards  in,  the  coal  saddles  over  into  a 
shallow  basin  on  the  N.  The  gangway,  which  is  driven  Westward,  is  250  yards  long.  The  Orchard  Seam  in 
this  mine  is  4^  or  5  feet  thick,  including  2  or  3  inches  of  slate,  2  feet  fi'om  the  bottom.  The  lower  bench  of 
coal  is  rough  in  texture. 

The  Primrose  Bed,  7  feet  thick,  divided  by  7  inches  of  slate,  and  5  inches  of  bony  coal,  is  wrought  from  a 
di'ift  in  which  the  coal  dips  8°  or  10°  Southward.    The  gangway  is  mined  100  yards  Westward. 
C.  Frantz  &  Co.  mined,  in  1857,  4123  tons  of  coal. 

A  colliery  has  been  recently  established  in  a  .shallow  basin  of  the  Orchard  Coal-seam  occupying  a  high  posi- 
tion in  the  hill  W.  of  Wadesville.    From  the  gangway  both  dips  of  the  coal  are  mined.    Lessee,  James  Thomas. 
In  1857,  the  Primrose  Seam  South  of  the  basin  was  wrought  by  Mr  Thomas,  and  yielded  15,841  tons  of 

coal. 

WEST  NOEWEGIAN. 

East  Mount  La ffee  Slope  (page  147  of  text) — Turner  &  Go  wan  (formerly  C.Miller). — This  is  sunk  on  the 
bottom  slate  of  the  Mammoth  Bed  ;  length,  195  yards  ;  to  first  level,  135  yards  ;  to  water-level,  75  yards.  Dip, 
50°  at  top  ;  01°  at  bottom.  The  coal  above  water-level  was  wrought  from  the  old  Mount  Laffee  Tunnel.  The 
upper-slope  level  is  wrought  1200  yards  E. ;  the  lower,  600  yards  E.  Both  gangways  W.  encountered  rock-fault, 
or  a  gradual  thinning-away  of  the  coal,  until  it  entirely  disappeared  260  yards  from  the  slope.  The  "  7-feet  Vein" 
overlying  the  Mammoth  is  wrought  from  gangways,  communicating  by  short  tunnels  with  the  Mammoth  gang- 
ways. 
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The  subdivisions  of  the  beds  wrought  from  this  slope  are  thus  stated  by  Mr  Gowan  : — 

Feet.  In. 

Coal,    .       .       .  .90 
Bone  Coal,  .       .  .16 
Coal,    .       .       .  .66 
Bone  Coal  and  Slate,    .    2  0 
Coal,   .       .       .  .60 
The  first  slope-level  at  the  slope  was  on  fire  in  1857,  and  no  coal  was  taken  from  the  mine. 
T.  T.  Jenkins  &  Co.'s  Colliery  (page  147  of  text) — formerly  Pugh  &  Co. — This  mine  is  situated  upon  the 
S.  dip  of  the  first  anticlinal  traversing  this  part  of  the  region  S.  of  the  Mine  HUl  (Axis  E).    A  slope  is  sunk 
100  yards  upon  the  Primrose  Bed  of  coal,  at  an  angle  of  15°,  or  60  yards  below  water-level.    A  drift  follows  the 
same  bed  E.  at  water-level.    Owing  to  the  fact  that  the  anticlinal  at  which  this  bed  arches  over  droops 
towards  the  E.,  this  gangway  tm-ns  N.,  then  W.,  upon  the  N.  side  of  the  axis.    This  cm-vature  of  the  gang- 
way occurs  1-iOO  feet  E.  of  the  slope.    The  North-dipping  coal  was  wrought  years  ago  from  a  slope-mine, 
the  breasts  of  which  have  been  entered  by  the  diift  gangway.    From  the  present  slope  the  gangway  has  been 
worked  E.  half  a  mile,  and  has  not  yet  experienced  the  eSects  of  the  declining  saddle. 
The  average  thickness  of  the  Primrose  Bed  in  this  mine  is  6  feet. 
Yield,  in  18.50,  13,838  tons  ;  iu  1857,  19,958  tons. 

C.  A.  Harper  s  Slope,  on  the  Lower  Orchard  Coal-Bed,  is  situated  250  feet  W.  of  Brown's  Old  Shaft : 
length,  1-19  feet ;  to  first  level,  31-i  feet.  Dip  at  the  top,  22°,  decreasing  to  7°  at  the  bottom,  where  it  approaches 
the  basin  of  the  bed.  The  level  gangway  E.  on  the  first  lift  is  turned  S.  by  the  rising  of  the  basin :  a  rising 
gangway  is  worked  obliquely  across  the  basin  to  nearly  vertical  coal  on  the  S.  side  of  the  synclinal. 

The  Orchard  Seam  retains  the  thickness  and  character  usual  to  it  through  this  part  of  the  region. 

Yield,  in  1856,  13,419  tons  ;  in  1857,  15,481  tons. 

A  company  is  proposing  to  sink  a  vertical  shaft  somewhere  near  Mr  Brown's  house  in  the  basin. 

Z>.  P.  Brown's  Oak-Hill  Slopes,  on  the  Primrose  Seam,  are  situated  upon  the  S.  side  of  the  second  anticlinal 
S.  of  IVIine  Hill  (Axis  F  West).  The  old  slope  descends,  at  an  angle  of  28°,  for  300  feet,  being  263  feet  below 
water-level.  At  the  bottom  the  E.  gangway  is  450  yards  long.  The  W.  gangway,  400  yards  from  the  slope, 
sweeps  N.  round  the  saddle,  which  declines  W.  into  nearly  vertical  Nortli-tlipping  coal. 

From  the  foot  of  the  slope  a  tunnel  is  cut  232  feet  S.  to  the  Lower  Orchard  Coal,  dipping  35°  S.  Upon 
this  bed  a  gangway  is  driven  300  yards  W.  and  750  yards  E. 

The  new  slope  is  sunk  on  the  Primrose  Coal  35  feet  W.  of  the  old  one  ;  its  length  is  630  feet ;  dip  of  coal 
at  the  bottom,  45°  S.    At  this  level  the  E.  gang-way  is  200  yards  long ;  the  W.,  100  yards. 

The  usual  subdivisions  of  the  Primrose  Bed,  at  the  mines  on  West  Norwegian,  may  be  represented  as  fol- 
lows : — 

Coal,  from  3  to  4  feet,  Pink  Ash ;  Bony  Coal,  1  to  3  inches.  White  Ash ;  Coal,  from  1  to  6  inches,  Red  Ash. 

The  Lower  Orchard  Seam  is  5  feet  thick,  divided  into  two  main  benches,  vdthout  parting-slates. 

The  West  Oak-Hill  Slope  (Lessees,  D.  P.  Brown  &  Co.)  is  sunk  on  the  Primrose  Bed  from  the  outcrop  on 
the  first  anticlinal  S.  of  Mine  Hill,  between  the  valley  of  West  Norwegian  and  the  West  Branch  :  length,  300 
feet  to  the  gangway  level;  dip,  S.  30°  at  the  top,  12°  at  the  bottom.  Gangways  are  opened  100  yards  E.  and 
W.  from  the  slope.  On  the  W.  side  the  dip  becomes  so  gentle  that  cars  are  rmi  up  the  breasts.  The  bed  at  this 
mine  is  reported  to  contain  8  feet  of  fuel. 

Yield  of  the  Oak-HiU  Collieries  in  1857,  30,860  tons. 

West  Delaware  Mine  (Rogers  &  Luther). — A  slope  is  sunk  on  the  Diamond  Coal-bed,  dipping  S.  into 
the  fourth  main  synclinal .  basin  S.  of  Mine  Hill :  length  to  lower  level,  300  feet ;  to  upper  level,  180  feet. 
Upon  each  level,  gangways  are  driven  E.  and  W.  The  upper  level,  W.  400  yards,  ran  into  a  rock-faidt.  A  leader 
of  the  coal  was  followed  200  yards  without  passing  through  the  faidt.  This  feult  or  nip  of  the  coal  bears  S.W. ; 
the  lower  level,  300  yards  W.,  has  not  yet  reached  it.  From  the  upper-level  gangway,  400  yards  E.  of  the  slope, 
a  tunnel  is  cut  S.  70  feet  to  the  vertical  N.  dip  of  the  basin  of  the  coal.    This  cross-cut  passed  thi  ough  coal,  and 
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Feet. 

Coal,  ....  4 
Bone  Coal,  .  .  .1 
Coal,  ....  6 
Coal,         ....  2 
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the  bottom-slate  of  the  bed,  which  is  upheaved  upon  a  sharp  narrow  antidinal  flexure,  which  divides  the  general 
basin  into  two  compressed  basins.  A  rising  gangway  driven  E.  from  the  S.  end  of  the  cross-cut,  passed  over  the 
saddle  into  the  N.  small  basin,  meeting  the  gangway  prolonged  E.  upon  the  regular  S.  dip,  300  feet  E.  of  the 
cross-cut.  In  the  N.  basin  the  coal  is  bent  sharply  back  upon  itself,  and  seems  to  end  downwards  as  a  wedge- 
like mass  :  as  this  wedge  expanded  with  the  rise  of  the  basin  E.,  a  large  mass  of  coal  was  laid  open  to  mining. 
W.  from  the  cross-cut  a  gangway  is  opened  750  feet  on  the  vertical  coaL  At  the  point  where  this  gangway 
ends,  the  basin  between  the  gangways  is  233  feet  wide.    The  outcrops  at  the  slope  are  about  130  yards  asunder. 

The  Diamond  Seam  is  stated  to  average  9  feet  in  thickness  in  the  parts  of  the  mine  now  wrought.  A 
band  of  slate,  from  6  to  18  inches  thick,  not  always  present,  divides  the  bed  into  two  benches.    Ash,  deep  red. 

Yield  in  1856,  43,072  tons. 

The  Old  Peach  Mountain  Delaware  Mines  are  abandoned. 

Duncan  Colliery  (Lessee,  J.  F.  Voorhies). — This  slope,  in  sinking,  follows  a  leader  of  the  Lewis  Coal- 
seam,  which  is  from  3  to  7  inches  thick.  The  inclination  of  the  slope  is  36°  S.  for  104  yards  from  the  surface. 
It  then  passes  41  yards  through  a  large  body  of  sound  coal,  the  full  development  of  which  has  not  yet  been  ascer- 
tained, to  the  normal  bedding  of  the  seam  dipjiing  28°,  which  is  followed  175  yards  to  the  gangway-level.  Total 
length,  320  yards,  or  960  feet.  The  gangway  E.  from  the  slope  communicates  with  the  gangway  driven  W.  fi-om 
the  slope  on  the  Lewis  bed,  sunk  at  the  bottom  of  the  Old  Shaft  on  the  Centre  Tract.  This  shaft  is  255  feet 
deep  to  the  Lewis  Coal,  upon  which  the  slope  is  510  feet  long.  The  position  of  the  Duncan  Slope  was  estab- 
lished by  an  air-way  driven  to  the  surface  from  the  gangway  800  yards  W.  of  the  Lewis  Slope.  Previous  to 
this  demonstration  of  the  position  of  the  bed  on  the  Dimcan  Tract,  every  attempt  to  find  it  had  failed.  It  would 
appear  that  the  great  expansion  of  the  bed  to  which  we  have  referred,  is  diie  to  a  sudden  compression  aiising 
from  the  forced  approach  of  the  over  and  underlying  slates  as  they  near  the  outcrop.  The  line  of  this  compression 
or  fault  rises  Westward,  as  has  been  proved  by  an  air-way  W.  of  the  slope,  in  which  it  was  encountered  at  a  higher 
level.    The  W.  gangway  from  the  slope  is  opened  700  yards  ;  but  no  coal  has  been  mined  from  it  for  the  market. 

The  Lewis  Seam  is  divided  into  three  benches  :  beneath  the  top  bench  4  inches  of  slate  usually  accompany 
the  bed.  The  estimated  average  thickness  of  coal  is  stated  to  be  6  feet  6  inches.  Ash,  deejj  red,  fracture  semi- 
conchoidal. 

The  Lewis  Shaft  Colliery,  worked  by  Mr  Voorhies  as  agent,  yielded,  in  1857,  8554  tons.  In  1858  it  was 
not  worked. 

The  Old  Black-Mine  Slope  (wrought  for  many  years  by  Mr  G.  H.  Potts),  on  the  York  Farm,  near  Pottsville, 
was  abandoned  in  1857.  It  is  nearly  a  fourth  of  a  mUe  long,  and  has  five  levels  of  gangway  communicating 
with  it. 

WEST  BEANCH. 

West  Mount  Laffee  Slope  (Turner  &  Gowan). — Situated  on  the  S.E.  side  of  West  Branch  Gap  of  Mine  HilL 
Sunk  on  the  Mammoth  Seam  62  yards  below  water-level ;  dip  50°  at  the  top,  35°  at  the  bottom.  The  average 
thicknesses  of  the  Mammoth  and  Seven-feet  Coals  somewhat  exceed  that  of  the  same  beds  wrought  in  the  East 
Mount  Laffee  Slope.  In  the  gangway  the  upper  bed  is  confused  and  very  variable,  owing  to  irregulaiities  in  the 
top  and  bottom  slates,  which  sometimes  recede  from  one  another,  enclosmg  an  immense  body  of  coal.  Above  the 
gangway-level  these  irregularities  become  less  frequent,  and  the  coal  is  more  miiform  and  sound.  W.  of  the 
slope  50  yards  this  bed  is  entirely  cut  out  by  the  approach  of  the  top  and  bottom  slates.  The  W.  gangway  on 
the  Mammoth  Coal  is  driven  78  yards  ;  the  dip  grows  less  in  that  direction,  causing  a  slight  deflection  in  the 
gangway.  The  E.  gangway  on  the  Mammoth  is  wrought  800  yards  to  a  dirt-fault,  accompanied  by  a  great  diminu- 
tion in  thickness.  The  interval  of  600  yards  between  the  face  of  this  gangway  and  the  W.  gangways  from  the 
East.  Slope,  though  suspected  to  be  faulty  groimd,  yet  remains  to  be  tested. 

East  of  the  slope  200  yards  a  tunnel  is  di-iven  46  yards  S.,  from  the  top  of  the  "  Seven-feet  Coal  "  thi-ough 
confused  measiu-es,  which  have  hitherto  been  little  understood.  Careful  examination  of  this  tunnel  led  to  the 
conviction,  that  for  the  first  17  yards  it  is  cut  through  a  shallow  basin  of  the  strata  immediately  overlying  the 
Seven-feet  Seam.  That  bed,  rising  to  the  tunnel-level,  forms  three  narrow  confused  anticlinal  rolls,  and  finally 
descends  below  the  tunnel-level  on  a  S.  dip  of  30°.    The  N.  dip  of  the  last  and  most  important  of  these  rolls  is 
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nearly  vertical  A  short  distance  W.  of  the  tunnel  an  attempt  was  made  to  cut  an  air-way  to  the  surface  on  the 
breast  of  the  S.  dip  of  this  saddle  ;  but  20  yards  on  the  breast  the  coal  turned  over  into  a  N.  dip,  and  the  attempt 
failed.  The  drooping  of  this  saddle  Eastward  caused  the  abandonment  of  the  gangway  in  that  direction.  The 
flexures  we  have  described  do  not  appear  to  be  developed  as  important  rolls  in  the  strata  to  any  great  distance, 
though  we  may  find  in  them  an  explanation  of  the  fact,  that  the  strike  of  the  Mammoth  at  the  West  Mount 
Lafiee  Slope-coal  ranges  some  distance  N.  of  the  same  bed  wi-ought  by  Doherty  at  the  Dundas  Colliery,  No.  1,  on 
the  W.  side  of  the  valley. 

It  is  probable  that,  in  the  prolongation  of  the  West  Mount  Laffee  Slope  to  a  lower  level  on  the  Mammoth 
Seam,  a  flattening  of  the  dip,  or  a  synclinal  in  prolongation  of  the  basin  of  the  tunnel,  will  be  encountered,  and 
afiect  the  breast  in  the  coals. 

This  colliery,  wi'ought  four  months  in  1857,  yielded  9382  tons  of  coal. 

Dundas  Colliery,  No.  1  (page  168  of  text) — Lessee,  John  Doherty  (formerly  C,  M.  HUl). — On  S.  slope  of 
]\Iine  Hill,  at  West-Branch  Gap,  W.  side,  the  slope  descends  on  the  bottom  slate  of  the  Mammoth  North  Coal- 
seam,  at  an  angle  of  25°  S.  Length  of  slope,  773  feet ;  to  first  level  below  water-line,  485  feet.  The  ujiper 
level  from  the  slope,  and  an  old  water-level  gangway,  encountered  a  rock-fault  or  nip  of  the  seam  3100  feet  W., 
and  were  abandoned.    The  lower-slope  level  is  driven  1200  feet  W. 

Dundas  Colliery,  No.  2  (erroneously  called  No.  1  on  page  168) — John  Doherty  (formerly  Jones). — Situated 
1000  feet  W.  of  No.  1.  Slope  849  feet  long  on  the  South-dipping  Black  Valley  Seam  5  to  first  level,  545  feet :  dip, 
33°  at  the  top,  22°  at  the  bottom.  The  upper-slope  level  is  mined  2100  feet  E.,  and  3300  feet  W.  The  lower 
level,  750  feet  E.,  850  feet  W. 

The  following  section  represents  the  subdivisions  of  the  coal-seams  wrought  at  the  two  collieries  : — 

Feet.  In. 


Coal,       ....       0  10 
Black  Valley  |   Bony  Coal,      ...       0  6 
^  Coal,       ....  90 
Slate,  two  thin  coals,  from  10  to  12  0 
Black  Heath    Coal,       ....       2  6 
Slate  and  bone,  ..30 


Mammoth 


Coal,  . 

Slate  and  bone. 
Coal,  . 
Slate, 
Coal,  . 


Feet. 
2 
2 
1 


In. 

6 

6 
6 
4 
0 


The  Black  Heath  and  Mammoth  seams  range  Eastward  as  one  great  bed,  designated  the  Mammoth  ;  whereas 
the  Black  VaUey  is  known  as  the  Seven-feet  Coal.  Towards  the  W.,  however,  they  appear  as  three  entii-ely  dis- 
tinct seams,  separated  by  many  feet  of  conglomerate  and  sandstone.  ^  Thus,  at  the  No.  1  Slope  the  Black 
Valley  and  Black  Heath  seams  are  separated  by  15  feet  of  slate  ;  but  from  that  point  Westward  intercalated 
sandstone  and  conglomerate  appear,  which,  at  the  water-level  on  Wolf  Creek,  actually  exceed  125  feet  in 
thickness,  requiring  nearly  200  feet  of  tunnel  across  the  dip  to  pass  from  the  one  to  the  other.  Even  at  the 
No.  2  slope,  across  which  om-  section  is  measured,  the  seams  are  thrown  asmider.  In  Like  manner  the  Black 
Heath  is  separated  from  the  Mammoth  in  the  same  distance  by  40  feet  of  conglomerate,  requiring  63  feet  of 
tunnel  between  the  two.  These  facts  make  the  hypothesis  of  the  identity  of  the  Black  Heath  and  Seven-feet 
bed  (see  page  223)  altogether  improbable. 

Dundas  Colliery,  No.  3  (Lessee,  Morgan  Brace). — This  is  a  drift-mine  at  water-level  working  Westward 
on  the  (so-caUed)  Reese  Davis  or  Bast  White-Ash  Seam.  The  coal  at  the  mine-mouth  dips  S.  35° ;  but  300 
yards  Westward  in  the  gangway  it  basins,  and  rises  a  short  distance,  after  which  the  gangway  follows  the  S. 
dip.  The  average  thickness  of  the  seam  is  stated  at  6  feet.  The  mine  is  now  abandoned,  temporarily  at  least. 
In  1857,  2789  tons  were  extracted  from  it. 

Dundas  Colliery,  No.  4  (Lessees,  Treck  &  Spencer). — The  Kear  Vein  or  Oak-Hill  Seam  is  wrought  at  this 
colliery  by  a  slope  480  feet  long ;  an  upper-level  gangway  leaves  the  slope  180  feet  below  the  water-line.  Tlie 
coal  at  the  slope  dips  S.  22°  at  the  top,  and  15°  at  the  bottom.  The  upper  level  is  mined  800  yards  W.  ;  the  lower, 
175  yards  W.  and  180  yards  E.  The  lower  gangway,  100  yards  W.  of  the  slope,  encountered  a  dirt-fault  8 
yards  wide  on  the  breast,  but  ranging  nearly  parallel  with  the  gangway  for  40  yards.  In  the  upper  level  the 
same  fault  was  struck  450  yards  from  the  slope.    It  is  there  15  yards  wide  through  70  yards  of  gang-way  leng-th. 
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In  the  E.  lower  level,  140  yards  from  the  slope,  a  large  oval  mass  of  sandstone  occurs,  lying  within  the 
coal,  which,  beneath  the  rock,  is  compressed  to  2  feet  of  thickness.  The  coal  has  been  cut  away  from  its  sides  ; 
but  whether  it  is  isolated  from  the  natural  top-slate  of  the  bed  by  coaly  matter  is  not  proved.  The  coal  in  the 
vicinity  of  this  curious  feature  is  confused,  soft,  and  sulphmy.  The  subdivisions  of  the  bed  in  this  mine  are  thus 
stated : — 

Coal,  4  or  5  feet ;  Coal,  1  foot  6  inches  ;  Slate,  6  inches  ;  Coal  (1 4  inches  bony),  3  feet ;  Coal,  sometimes  dirt,  1  foot 
6  inches. 

The  character  of  the  bed,  and  the  extension  of  mining  Eastward  from  West  Branch,  seem  now  to  favour- 
the  view  commonly  entertained,  that  the  Kear  of  Wolf  Creek  and  Primrose  of  West  Norwegian  are  identical  beds. 

Dundas  Colliery,  No.  5  (Holman  &  Co.) — A  slope  is  sunk  on  the  Diamond  Seam  360  feet :  dip  at  the 
top,  43° ;  midway,  25° ;  at  the  bottom,  45°.  From  the  foot  of  the  slope  a  timnel  is  driven  25  yards  S.  to  a  seam 
of  coal  2  feet  6  inches  thick,  upon  which  gangways  are  being  opened.  The  Diamond  Seam  is  or  5  feet  thick 
in  two  benches,  separated  by  4  inches  of  slate.  Gangways  are  worked  500  yards  E.  and  W.  From  the  gang- 
way, 200  feet  W.  of  the  slope,  a  tunnel  is  driven  367  feet  N.  to  a  coal  from  3  to  4  feet  thick.  This  seam  arches 
over  a  saddle  beneath  the  surface,  to  form  a  shallow  basin  rising  Westward.  An  air-way  80  yards  W.  of  the 
tuimel  proved  the  existence  of  the  saddle. 

This  colUery  yielded,  in  1857,  17,429  tons. 

Peach  Orchard  Colliery  (page  169  of  text) — Bullock  &  Spencer. — A  slope  is  sunk  on  the  K  side  of  the 
Valley  of  West  Branch,  immediately  E.  of  the  Old  Wagner  Tunnel,  upon  the  Peach  IMountain  Seam,  or  the  second 
coal-cut  in  that  tunnel :  length  of  slope  120  yards  ;  dip,  30°  S.  From  the  foot  of  the  slope  a  tunnel  is  driven  N. 
and  S.  The  first  seam  was  cut  28  yards  N.  of  the  Slope  Coal ;  it  is  3  feet  thick,  and  corresponds  to  No.  1  of  the 
Wagner  Tunnel.  From  this  the  tunnel  is  prolonged  45  yards  N.  to  a  seam  of  rough  coal  from  5  to  7  feet  thick, 
dipping  30°  S.  Upon  it  a  gangway  is  diiven  200  yards  E.  In  the  opposite  direction  from  the  slope,  the  tunnel 
is  driven  S.  to  the  Peach  Mountain  Seam,  clipping  50°  N.,  and  is  prolonged  to  the  seams  cut  in  the  N.  tunnel 
Though  the  tunnel  is  driven  70  yards  S.  of  the  lowermost  of  these,  no  other  seams  are  found,  though  the  dip  is 
still  N. 

Occupying  the  synclinal  (o  0)  of  the  Peach  Mountain,  but  basining  42  yards  above  the  tunnel-level,  there  is 
a  seam  of  coal,  generally  confused,  though  sometimes  yielding  8  feet  of  coal.  A  slope  100  yards  long  descends 
upon  this  bed  to  the  basin,  on  both  sides  of  which  breasts  are  wrought  in  the  coal.  The  rise  of  the  basin  E. 
throws  out  the  upper  seam,  and  after  it  the  Peach  Mountain.  In  its  E.  extension  this  latter  bed  was  wi-ought 
many  years  ago  by  John  Reed  for  the  Delaware  Coal  Company.  Follo\^'ing  W.  from  West  Norwegian  the  S. 
dip  of  the  coal  on  the  anticUnal  next  S.  of  the  basin,  he  tunneled  through  into  the  basin,  and  extracted  the  coal. 

The  Peach  Mountain  Seam  is  denuded  away  from  the  flat  ground  of  the  West  Branch,  but  descends  in  a 
steep  N.  dip  on  the  opposite  side  of  the  valley.  A  small  coUiery  was  established  on  the  bed  at  this  point,  from 
which  Mr  Bright,  in  1857,  shipped  4423  tons. 

The  Peach  Orchard  Colliery  is  temporarily  abandoned. 

MINERSVILLE. 

Lewis  Colliery  (page  169  of  text) — Lessee,  William  De  Haven. — Situated  at  the  W.  end  of  jNIinersville. 
The  slope  descends  on  the  Phoenix  Bed,  dipping  40°  S.  from  the  anticlinal  of  the  Old  Minersville  Timnel ;  length, 
123  yards.  From  the  slope  a  tunnel  is  driven  S.  70  yards  to  coal  from  3  to  4  feet  thick,  and  is  prolonged  100 
yards  to  the  Peach  Moimtain  Seam,  dipping  45°  S.  Gangways  ai-e  diiven  from  E.  to  W.  upon  all  these  beds.  The 
Phoenix  Bed,  though  about  5  feet  thick,  is  slaty  and  impure  ;  it  is  not  now  wrought.  The  Peach  Moimtain  Seam 
is  thus  subdivided  : — 

Coal,  3  feet ;  Coal,  2  feet  to  2  feet  6  inches ;  Slate  or  dirt,  2  inches ;  Coal,  2  feet. 

A  third  of  a  mile  W.  of  the  Minersville  Slope  the  Peach  Mountain  Coal  is  mined  from  a  slope  90  yards  long, 
It  dips  40°  S.    The  gangway  is  driven  400  or  500  yards  W.  from  this  slope.    A  gentle  roll  of  the  coal  200 
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yards  W.  displaces  it  in  the  gangway  ;  a  short  tunnel  is  driven  to  the  bed,  which  dips  so  feebly  S.  as  to  admit 
the  cars  on  the  breast.    The  coal  is  sheUy  in  the  neighbourhood  of  the  disturbance  in  the  mine. 

WOLF  CEEEK. 

William  Penn  Colliery  (page  169  of  text) — Agent,  J.  C.  Harper. — The  Kear  or  Oak-Hill  Seam  on  the 
E.  side  of  the  valley  of  Wolf  Creek  forms  a  shallow  basin  rising  E.,  from  which  the  coal  has  been  extracted  by 
Holman  &  Co.  South  of  this  basin  it  arches  the  anticlinal  F  West,  beneath  a  stratum  of  coarse  conglomeritic 
sandstone.  Harper's  Slope  cuts  20  yards  through  this  rock  to  the  coal,  which  is  struck  near  the  saddle,  and  is 
followed  on  the  S.  dip  :  length  of  slope,  480  feet ;  dip,  40°  at  tojj,  45°  at  bottom.  There  are  two  levels  213  feet 
apart  on  the  slope.  The  E.  gangways  have  been  mined  nearly  600  yards.  The  upper  level  W.  is  1 00  yards  long  ; 
the  lower,  400  yards. 

The  seam  is  estimated  to  contain  10  feet  thickness  of  coal  at  this  colliery  ;  it  sometimes  exceeds  this. 
The  yield,  in  1857,  was  12,545  tons. 

Schollenherger  Colliery  (page  171  of  text) — Lessee,  B.  Bartholomew,  jun. — Situated  on  the  S.  side  of 
Mine  Hill,  Wolf  Creek.  The  slope  descends  S.  on  the  bottom  slate  of  the  Black  Valley  Coal,  340  feet  to  the  first 
level,  and  286  feet  farther  to  the  lower  level.  The  inclination  is  34°  at  the  top,  increasing  to  44°  at  the  first  level, 
and  37°  at  the  bottom.  At  the  foot  of  the  slope  the  coal  is  found  greatly  confused  and  worthless.  A  tunnel  cut 
S.  through  this  "trouble"  155  feet  to  the  next  higher  coal,  disjjlays  an  obscure  faulty  synclinal  and  anticlinal 
structure  in  the  Slope  Coal  and  its  associated  rocks.  The  Bast  White-Ash  Coal,  or  Reese  Davis  Seam,  laid  open  to 
mining  by  this  tunnel,  is  subdivided  as  follows  : — 

Coal,  1  foot ;  Bone  Coal,  6  inches ;  Coal,  3  feet  G  iuches  ;  Coal,  rough,  4  feet. 

The  E.  gangway  900  feet  from  the  tunnel  curves  S.  upon  West-dipping  coal.  After  rounding  the  point  of  the 
basin,  it  returns  to  its  former  course  upon  the  N.  dip.  to  meet  the  gangway  driven  W.,  which  encountered  the 
uprising  of  the  same  basin  in  that  direction  300  feet  from  the  tunnel.  At  this  point  the  coal  is  somewhat  con- 
fused. The  coal  at  the  E.  end  of  this  basin  dips  23°  W.  ;  the  N.  dip  varies  from  19°  to  23°.  An  anticlinal  axis 
(T  West)  ranges  within  100  feet  S.  of  the  gangway  on  the  S.  side  of  the  basin.  Near  the  foot  of  the  slope  a 
tunnel  is  cut  N.  from  the  Black  Valley  Bed  156  feet  to  the  Black  Heath  Seam,  dipping  S.  parallel  to  the  former. 
Midway  in  the  tunnel  a  small  seam  of  soft  coal  was  passed.  The  several  members  of  the  Black  Heath  are, — 
Coal,  rough,  1  foot  6  inches  ;  Coal,  10  inches  ;  Coal,  4  feet ;  Coal  and  Slate,  1  foot. 

Gangways  are  worked  more  than  a  fourth  of  a  mile  E.  and  W.  of  the  tunnel. 

The  Black  Valley  Seam  proved  so  unprofitable  that  the  upper-level  gangways  upon  it  were  abandoned. 

Schollenherger' s  (Old)  Slope — (formerly  Heilner's). — This  slope  is  400  feet  S.E.  of  the  former.  It  is  100 
yards  long  below  water-level  on  the  Bast  White-Ash  Coal  seam  at  an  angle  of  30°  S.  At  the  foot  of  the  slope  a 
tunnel  cut  S.  130  feet  intersects  two  small  seams  of  poor  coal.  From  the  gangway  300  feet  W.  of  the  slope  a 
tunnel  is  driven  N.  350  feet  to  the  Black  Heath  Coal,  cutting  the  Black  Valley  Bed  midway.  The  Black  Heath  Bed 
has  been  mined  a  mile  W.  by  gangway  from  the  tunnel.  W.  of  the  tunnel  3200  feet  the  strata  below  it  are  cut 
through  by  a  tunnel  60  feet  long  to  the  "  Back  Vein  "  coal-bed,  which  is  thus  subdivided, — 

Slate  and  Coal ;  Rough  Coal,  (5  iuches ;  Slate,  4  inches  ;  Coal,  2  feet  10  iuches  ;  Coal,  2  feet  5  inches  ;  Coal  and  Slate, 
2  feet  to  2  feet  8  inches. 

A  gangway  is  driven  several  hundred  yards  W.  of  the  tunnel  upon  this  bed. 
The  Schollenherger  Collieries,  in  1857,  produced  40,513  tons  of  coal. 

Sutton  and  Wright's  Tunnel — (Lessees,  Cain,  Hacker,  &  Cook). — This  tunnel  is  cut  at  water-level  through 
South-dipping  strata  260  feet  N.  to  a  seam  of  coal  overlying  the  Black  Heath  Seam,  called  the  "  Red  Ash."  This 
is  followed  by  gangways  1560  feet  W.,  and  a  tunnel  is  cut  60  feet  to  the  Black  Heath  Bed.  The  Back  Vein,  also 
tunneled  to,  is  worked  W.  to  the  line.  Following  this  Black  Heath  coal  1030  feet  W.,  a  tunnel  is  driven  from 
the  gangway  S.  across  the  measures  through  a  confusion  of  dips  280  feet  to  a  small  coal,  which  was  traced  200  feet 
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S.W.,  and  the  tunnel  resiunes  its  direction  80  feet  to  the  Susan,  and  110  feet  farther  to  the  overlying  Petherick 
coal-seams.   The  Susan  Bed  is  7^  feet  thick,  as  follows  : — 

Kough  Coal,  8  inches ;  Slate,  4  inches  ;  Eough  Coal,  2  feet ;  Slate,  3  inches ;  Coal,  1  foot  3  inches ;  Coal,  3  feet. 

It  has  been  mined  300  yards  W.  from  the  timnel.    The  Petherick  is  thus  subdivided  : — 

Coal,  2  feet  2  inches  ;  Coal,  4  feet  7  inches ;  Slate  and  Coal,  1  foot. 

It  dips  41°  S.  at  the  tunnel,  but  followed  E.  the  gangway  deflects  S.  round  a  small  basin,  and  into  a  N.  dip.  of 
14°,  following  which  W.  it  wiU  perhaps  meet  within  100  yards  the  air- way  from  the  Bast  "\\liite-Ash  Slope 
Colliery  previously  described.  Driven  W.  from  the  tunnel,  the  gang-way  workings  connect  with  the  E.  workings 
on  the  same  seam,  known  as  the  Eorestville  Bed,  mined  from  West- West  Branch. 

It  is  an  opinion  commonly  entertained  that  the  Petherick  and  Susan  beds  cut  in  Bast's  Tunnel,  and  wrought 
at  a  higher  level  at  the  S.  end  of  Sutton  and  Wright's  Tunnel,  are  the  same  as  the  Black  Heath  and  Back  coal- 
seams  wrought  far  below  water-level  in  SchoUeuberger's  gangways,  and  at  water-level  at  the  N.  end  of  Sutton 
and  Wright's  Tunnel ;  also,  at  a  stiU  higher  level,  from  SerriU's  Upper  Tunnel.  In  explanation  of  this  hypo- 
thesis, a  sudden  and  sharp  anticlinal  inversion  of  the  strata  is  sujjposed  to  occur,  causing  the  Petherick  and  under- 
lying bed  to  descend  so  far  below  water-level  as  to  rise  on  the  natural  S.  dip  in  SchoUeuberger's  gangway.  We 
know  of  no  facts  to  justify  this  view  of  the  case.  The  anticlinal  (F  West)  which  droops  E.,  affecting 
Bast's  E.  gang-way  on  the  Reese  Davis  Bed,  as  described,  in  its  prolongation  W.  ranges  through  the  confused 
ground  of  Sutton  and  Wright's  Inner  Timnel.  We  also  know  that  the  basin  next  N.  of  this  rises  rapidly  W. — 
so  rapidly  that  it  expires  -without  afiFecting  the  SchoUenberger  gangway  on  the  Black  Heath  Seam.  Inasmuch  as 
the  identity  of  the  Reese  Davis  Coal  at  SchoUeuberger's  and  Bast's  White  Ash  is  proved  by  mining,  the  more 
natural  view  of  the  Petherick  and  Susan  seams  is  to  regard  them  as  represented  at  SchoUeuberger's  by  the  Black 
VaUey,  and  a  soft  seam  of  dirt  and  coal,  which  in  that  mine  is  not  worth  working. 

Yield  of  this  coUiery,  in  18.57,  19,843  tons. 

Borda's  Black  Heath  Colliery,  head  of  Wolf  Greek  (page  171  of  text) — Forest  Imperial  Company's  Lands. 
— The  tunnel  by  which  the  seams  wrought  at  this  mine  are  entered,  kno-wn  as  SerrUl's  Upper  Tunnel,  is  situated 
175  yards  E.  of  Sutton  and  Wright's  Inner  Tunnel,  and  160  feet  above  it.  As  sho-wn  in  the  engraved  section, 
it  is  driven  N.  into  Mine  Hill,  cutting  three  notable  seams  of  coal.  The  first  of  these,  or  the  Black  VaUey 
Bed,  is  so  confused  at  the  tunnel  that  it  was  not  mined  there,  but  was  tunneled  to  from  a  gang-way  cMven  400 
feet  W.  on  the  first  bed.  Prom  this  tunnel  the  Black  Valley  Seam  was  -wrought  W.  nearly  400  yards.  The 
breasts  on  the  Petherick  Seam,  wrought  from  the  W.  gangway  of  Sutton  and  Wright's  Inner  Tunnel,  communicate 
■with  this  old  gangway,  thereby  establishing  the  identity  of  the  bed  under  two  names. 

The  mining  from  the  main  tunnel  on  the  Black  Heath  and  Back  seams  has  been  very  extensive.  The 
breast  on  the  Black  Heath  Coal  from  the  tunnel  W.  admits  a  counter -level  above  the  main  gangway  for 
1150  yards,  from  which  point  the  subsidence  of  the  dip  and  the  rise  of  the  surface  W.  aUow  of  two  counter- 
gang-ways.  The  coal  in  the  main  lower  gangway  is  finally  cut  out  by  rock-faidt,  which  caused  a  stoppage  of  the 
gangway  1800  yards  W.  of  the  entering  tunnel.  The  dip  of  the  coal  in  the  neighbourhood  of  this  faidt  fm-nishes 
some  indication  of  a  basin  rising  W.,  accompanied  by  a  small  anticlinal  roll  on  the  S.  The  gangway  working 
W.  from  a  slope,  sunk  70  yards  on  the  coal  below  this  main-tunnel  gangway,  encomitered  a  change  of  dip  and 
a  rock-fault  or  "  nip  "  of  the  coal,  2000  feet  E.  of  the  rock-fault  above  mentioned. 

No  difficulty,  similar  to  that  in  the  lower  levels,  has  been  met  -with  in  the  coimter-gangways.  The  slope  level 
worked  E.  connects  -with  the  gangway  on  the  Black  Heath  Bed,  driven  W.  of  Sutton  and  Wright's  Inner  Tunnel. 

At  several  points  tunnels  have  been  driven  N.  to  the  Back  Vein,  which  is  worked  from  the  entermg  timnel 
parallel  to  the  Black  Heath,  and  in  a  similar  manner.  The  total  length  of  the  gang-ways  upon  the  Black 
Heath  and  Back  seams  which  have  an  outlet  at  the  SerriU  Upper  Tunnel  exceeds  6  mUes. 

This  colliery  shipped  in  1857,  as  the  residt  of  four  months'  mining,  30,754  tons.  Estimated  capacity  for 
1858,  80,000  tons. 

Basis  White-Ash  Colliery  Q^age  171  of  text)— Lessee,  George  H.  Potts.— The  Old  Slope  descends  S.  195 
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feet  upon  the  bottom-slate  of  a  small  seam,  overlying  the  Bast  White-Ash  or  Eeese  Davis  Coal-bed ;  it  then 
cuts  through  the  imderlying  strata  to  the  latter  bed.    Length,  402  feet. 

The  dip  decreases  imiformly  from  46°  to  18°. 

The  thickness  of  the  coal  averages  from  7  to  8  feet,  as  follows  : — 

Coal,  1  foot ;  Soft  Coal,  3  inches ;  Coal,  3  feet  6  inches ;  Coal,  6  inches ;  Coal,  3  feet  3  inches ;  Coal  and  Slate,  0. 

An  anticlinal  flexure  (F  West),  drooping  E.,  shortens  the  breasts,  and  causes  the  gangway  to  deflect  N.  a 
fourth  of  a  mile  E.  of  the  slope.  The  s)aiclinal  basin  which,  by  rising  W.,  tm'us  the  gangway,  in  confused 
coal  on  the  lower  level  from  Schollenberger's  Slope  Tunnel,  affects  this  gangway  similarly,  causing  a  reverse 
curve.  Prom  this  gangway,  300  feet  E.  of  the  slope,  a  tunnel  is  driven  S.  175  feet  to  a  seam  which  is  mined  a 
short  distance  E.  and  W. 

From  the  gangway,  530  feet  W.  of  the  slope,  a  tunnel  is  cut  S.  105  feet  to  the  seam  upon  which  the 
upper  portion  of  the  slope  descends.  This  bed  is  G  feet  thick,  and  is  mined  IGOO  feet  W.  In  the  opposite 
direction  a  tunnel  is  driven  386  feet  to  the  Susan  Vein,  cutting  the  Petherick  Bed  66  feet  S.  of  the  latter.  The 
Petherick  only  is  extensively  mined  by  gangways  from  this  tunnel.  It  has  been  followed  3400  feet  W.  and 
1000  feet  E.  In  an  air-way  ascending  the  breast  of  the  coal  at  1440  feet  W.  of  the  tunnel,  the  dip  changes,  332 
feet  above  the  gangway,  to  N.  37°,  and  in  34  feet,  to  a  basin  of  which  the  S.  dip  averages  6°  for  105  feet,  when 
another  turn  occurs,  over  which  the  coal  was  not  followed  ;  but  the  bed  reappears  on  a  S.  dip  in  the  gangway 
from  Cain,  Hacker,  &  Cook's  Tunnel  The  narrow  basin  thus  formed  rises  E.,  and  the  gangway  from  the 
tunnel  has  already  passed  round  it,  and  is  expected  to  communicate  with  the  air-way.  The  two  small  anti- 
clinal rolls  we  have  indicated  droop  E.,  causing  confusion  in  the  coal,  and  a  shortening  of  the  breasts  in  the 
Black  Heath  Coal-bed  1000  feet  E.  of  the  air- way. 

The  New  Slope  is  sunk  upon  the  same  Bast  White-Ash  Seam  650  feet  W.  of  the  former.  It  is  498  feet 
long  to  the  Old  Slope  gangway,  and  853  to  the  bottom.  Inclination  49°  at  the  top,  27°  midway,  and  33°  at 
the  bottom. 

The  gangways  running  E.  are  1200  feet  long,  and  those  W.  700  feet.  From  the  foot  of  the  slope  a  tunnel 
is  cut  70  feet  S.  to  the  upper  coal-bed,  upon  which  gangways  are  opened  for  mining. 

Basfs  Red- Ash  Colliery  (Lessee,  George  H.  Potts). — The  slope  is  sunk  on  the  Diamond  Coal-seam  dipping 
S.  40° ;  length,  664  feet.  The  upper  level  is  worked  out  and  abandoned.  The  E.  lower  gangway,  2000  feet 
long,  nearly  approaches  Holman's  Workings,  coming  W.  from  West  Branch.  The  W.  gangway  is  3800  feet 
long.  From  the  W.  gang-way,  275  feet  from  the  foot  of  the  slope,  a  tunnel  is  driven  400  feet  S.  to  the 
Cockle  Bed,  5  feet  thick,  dipping  40°  .S.  Upon  this  coal  gangways  are  worked  400  feet  E.  and  W.  Midway  in 
the  timnel  a  3-feet  bed  of  impure  coal  was  cut,  and  followed  400  feet  W. 

The  Diamond  Seam  comprises  three  benches  of  coal,  the  lower  and  middle  separated  by  4  inches  of  slate. 
The  entire  thickness  of  the  bed  ranges  from  6  to  7  feet. 

The  yield  of  the  Bast  Collieries,  in  1857,  was  106,773  tons. 

Kear's  Colliery  (page  172  of  text). — Slope  descends  187  yards  on  the  Kear  or  Oak-Hdl  Seam  :  dip  30°, 
increasing  to  38° ;  length  to  upper  level,  87  yards.  The  upper  level  is  worked  200  yards  E.,  and  both  levels 
1600  yards  W.  In  the  upper  level,  1430  yards  W.  of  the  slope,  a  small  synclinal  and  anticlinal  roll  of  tlie  coal 
causes  a  sigmoid  curve  in  the  gangway,  throwing  it  125  feet  S.  of  its  previous  line.  The  lower  level  is  affected 
in  precisely  the  same  way  by  these  flexures,  1050  yards  from  the  slope.  Intermediately,  a  counter-gangway 
is  similarly  curved. 

The  Kear  Bed  is  stated  to  average  10  feet  thickness,  including-  from  8  to  9  feet  of  coal. 

WEST-WEST  BEANCH. 

Forestville  Colliery  (D.  Glover),  Forest  Improvement  Company's  Lands,  S.E.  Side  of  Mine-HiU  Gap  of  the 
West- West  Branch. — Slope  sunk  137  yards  on  the  bottom-slate  of  the  Forest-voile  or  Black  Valley  Seam  ;  dip 
22°  S.  at  top,  30°  at  bottom.    From  the  foot  of  the  slope,  gangways  are  driven  1200  yards  E.  and  1400  yai'ds  W. 
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The  dip  of  the  coal  diminishes  going  E.,  and  increases  W.  to  50°.  In  the  W.  gangway  the  coal  is  faulty  and 
impure  for  two-thirds  of  the  distance  mined. 

Above  water-level  the  coal  has  been  wroiight  from  three  levels  of  gangway. 

The  subdivisions  of  the  coal  are  as  follows  : — 

Davis  Coal,  4  feet  G  inches ;  Slate  and  Bone,  4  feet ;  Coal,  2  feet  :  Bone  Coal,  3  inches ;  Coal,  3  feet ;  Slate, 
6  inches ;  Coal,  3  feet  G  inches. 

The  above  section  represents  the  bed  under  favourable  conditions.  In  parts  of  the  mine  the  Davis  Bed 
only  is  important ;  in  others  it  is  not  wrought,  and  the  main  coal  depreciates  in  thickness  and  quality. 

Yield,  in  1857,  56,995  tons.    Capacity  for  1858,  estimated  at  50,000  tons. 

Franklin  Colliery,  iS.  W.  Side  of  Mine-Hill  Gap  of  the  West-  West  Branch  (William  De  Haven). — Slope 
sunk  100  j'ards  on  the  Kear  Seam ;  dip,  S.  34°  at  top,  55°  at  bottom.  Gangway  driven  E.  1300  yards,  the  dip 
augmenting  to  70°,  gangway  W.  1100  yards.  Average  length  of  breasts  on  W.  side,  95  yards  to  water-level ; 
on  E.  side,  owing  to  steep  dip,  40  yards.    The  prevailing  subdivisions  of  the  bed  are  as  follows  : — 

Coal,  3  feet  G  inches  ;  Coal,  sometimes  1  foot  of  it  bony,  2  feet  6  inches ;  Coal,  2  feet  6  inches  to  3  feet — Ash,  pinki.sli 

grey. 

Shipments  in  1857,  including  coal  sent  from  the  Lewis  Colliery,  near  MinersviUe,  53,701  tons. 

Dolhin  and  Rogers'  Colliery  (at  Woodside). — Slope  sunk  on  bottom-slate  of  the  Reese  Davis  or  Bast  White- 
Ash  Coal-seam,  dipping  S.  28°  at  top  and  35°  at  bottom  ;  length,  108  yards.  At  the  bottom  of  the  slope  the 
coal  was  squeezed  out  by  a  rock-fault.  After  driving  200  yards  E.  through  rock,  the  coal  reappeai'ed  as  a  work- 
able bed,  and  is  mined  for  700  yards  E.  of  the  slope.  From  the  slope  a  tunnel  is  driven  S.  32  yards  to  a  small 
seam,  upon  which  a  gangway  is  opened  W.  for  257  yards,  where  a  tunnel  is  cut  back  to  the  slope-coal,  here  only 
3  feet  thick.    A  gangway  follows  it  W.  a  short  distance. 

At  water-level  a  tunnel  is  driven  towards  the  slope  420  feet  to  the  Reese  Davis  Coal,  which  was  worked 
out  years  ago.  W.  of  the  tunnel  1700  feet,  a  second  tunnel  is  cut  N.  90  yards  to  the  Black  VaUey  or  Forest- 
ville  Coal-seam.  Midway  in  the  tunnel  a  small  seam  was  passed.  The  gangway  on  the  Forestville  Seam  is 
worked  nearly  a  mile  E.    The  average  thickness  of  the  coal  is  about  6  feet. 

The  yield  of  this  coUiery,  in  1857,  was  35,333  tons. 

Big  Diamond  Slope  (Charles  Miller's). — The  Big  Diamond  Seam  which,  owing  the  influence  of  the  drooping 
anticlinal  (M),  arches  below  water-level  on  the  E.  side  of  the  valley  of  West-West  Branch,  rises  with  the  anticlinal 
W.,  and  on  the  W.  side  of  the  valley  a  slope  is  sunk  upon  it  to  a  depth  of  1 40  yards  below  water-level.  The 
dip  at  the  top  is  34°  N.,  but  it  declines  to  a  small  basin,  and  rises  on  the  opposite  dip  of  a  small  anticlinal  roll 
which  was  overcome  by  a  cross-cut  of  15  yards.  From  the  foot  of  the  slope  a  gangway  is  diiven  along  the 
basin  200  yards  W.  At  this  point  the  basin  seems  to  be  flattening  out ;  a  cross-cut  is  made  Northward  24 
yards  to  the  regular  N.  dip  of  the  coal,  upon  which  the  gang-way  is  driven  1200  yards  W.  In  the  opposite 
direction  from  the  cross-cut  the  gangway  is  driven  towards  the  slope,  and  30  yards  E.  of  it.  The  E.  gangway  from 
the  foot  of  the  slope  is  abandoned,  because  the  coal  is  squeezed  and  thin.  The  Diamond  Seam  is  stated  to 
yield  on  an  average  a  thickness  of  6  feet  6  inches  of  coal. 

Phoenix  Colliery,  E.  Side  West-West  Branch  (page  174  of  text) — C.  Miller. — Slope  sunk  100  yards  below 
water-level  on  the  Phoenix  Seam,  or  Cockle's  Red-Ash  (erroneously  designated  in  our  section  as  the  equivalent 
of  the  Oak-HiU  Seam),  flanking  the  S.  side  of  the  second  anticlinal  S.  of  the  Diamond  Slope,  or  axis  N. 
The  dip  is  S.  24°. 

From  the  bottom  of  the  slope  a  gangway  runs  800  yards  W.  At  the  end  of  this  gangway  a  change  of  dip 
occurs,  from  a  S.  dip  of  20°  into  a  N.  dip  of  60°,  becoming  vertical  in  the  breasts.    The  coal  is  confused. 

From  the  slope  Eastward  a  gangway  is  di'iven  1000  yards  ;  a  tunnel  is  then  cut  Northward  through  the 
anticlinal  of  the  coal,  from  35°  S.  to  a  45°  N.  dip  of  the  bed  This  anticKnal  di-oops  gradually  Eastward.  From 
the  N.  end  of  tunnel  the  gangway  is  diiven  W.  370  yards  to  the  rising  basin  of  the  coal,  which  swings 
the  gangway  N.  to  the  regular  gentle  S.  dip  of  the  coal  on  the  flank  of  the  anticlinal  next  N.  This 
anticlinal  (M),  which  causes  the  arch  of  the  Big  Diamond  Coal  to  di-oop  below  water-level  in  ranging  from  the 
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W.  to  the  E.  side  of  West-West  Branch,  as  it  subsides  Eastward  will  in  like  manner  affect  the  Phoenix  Seam. 
The  gang^vay  driven  -iOO  yards  E.  of  the  turn  at  the  basin  is  already  deflecting  Northward  as  the  coal  changes 
from  S.  to  E.  dips. 

The  old  water-level  gangway  was  affected  in  a  smilar  manner. 

The  average  thickness  of  the  Phoenix  Seam  is  4  feet  6  inches  of  coal.  On  the  first  S.  dip  the  coal  is  shelly, 
but  in  the  basin  it  is  sound. 

The  Old  S.  Phoenix  Slope  is  sunk  50  yards  on  a  seam  from  3  to  4  feet  thick,  but  so  impui-e  that  but  little 
coal  was  taken  from  it,  and  the  mine  has  been  abandoned. 

Shipments  in  1857,  including  Big  Diamond  Colliery,  38,889  tons. 

Beury's  Collieri/  (formerly  Macdonald's),  two-thirds  of  a  mile  E.  of  the  Phoenix  Colliery. — The  Kantnor  or 
Peach  Mountain  Coal-seam,  dipping  S.,  is  entered  at  water-level  by  a  drift  which  follows  it  Eastward  450  yards. 
At  this  point  the  gangway  turns  Northward,  while  the  coal,  warping  round  the  drooping  anticlinal  (n)  of  the 
Phoenix  Mine,  is  completely  crushed  out.  From  the  gangway  near  the  drift-mouth  a  tunnel  is  cut  N.  107  feet  to 
a  smaller  underlying  coal,  thought  to  be  the  seam  of  the  S.  Phoenix  Slope.  This  bed  is  faulty  and  impure  at  the 
tunnel.  The  measures  separating  it  from  the  Peach  Mountain  Coal  ai'e  represented  as  having  so  far  thinned 
away  at  the  end  of  the  main  gangway  that  a  short  oblique  tunnel  penetrates  to  it.  The  coal  at  this  tunnel  is  5  feet 
thick,  and  sound.    The  bed  is  mined  150  yards  on  the  N.  side  of  the  anticlinal.    Shipments  in  1857,  3644  tons. 

Thomas  Cassidays  Colliery. — On  the  W.  side  of  the  West- West  Branch,  a  little  below  the  Phoenix  Colliery, 
a  drift  enters  upon  a  seam  of  coal  3  feet  6  inches  or  4  feet  in  thickness  ;  dip  23'  S.  The  gangway  is  driven  500 
yards  W.  Owing  to  the  gentle  dip  of  the  bed,  and  the  height  of  the  upland  above  the  water-level,  the  breasts 
are  100  yards  long.  The  Peach  Mountain  Coal  is  opened  on  the  same  dip,  a  short  distance  S.  of  the  drift,  but  it 
is  not  mined.    Shipments  in  1857,  8356  tons. 

At  Cressonville,  between  the  West  Branch  and  the  West- West  Branch,  the  Salem  Coal  has  long  been, 
wrought  by  a  slope  on  a  S.  dip.  The  length  of  this  slope  is  about  500  feet  to  the  lower  level.  Above  this  there 
are  two  others  not  now  worked.  The  upper  level  E.  was  driven  to  a  fault ;  the  second  level  E.  is  150  yards  long, 
coal  unsound  ;  it  is  di'iven  half  a  mile  W.  The  lower  level  is  driven  200  yards  E.  and  500  W.  Shipments  in 
1857,  2608  tons. 

N.  of  this  slope  the  Eabbit  Hole  and  Faust  seams  have  been  wrought  above  water-level,  and  the  tunnel 
and  Black  Mine  by  slopes  below.    These  works  are  now  abandoned. 

Fogarty's  Slope  CoUiery,  on  the  Black-Mine  Coal  near  the  W.  Branch,  is  now  abandoned. 

In  the  Sharp  Mountain,  at  the  gap  of  the  West  Branch,  a  seam  of  coal,  the  third  ascending  in  the  series,  is 
wrought  to  some  extent  by  John  Doherty.  The  seam  dips  S.  80°.  Two  gangways  at  different  levels  are  diiven 
Eastward  from  the  gap  :  the  upper  is  300  yards  long  ;  the  lower,  400  yards.  The  thickness  of  the  coal  in  the 
lower  level  is  13  feet ;  in  the  upper  the  average  is  about  10  feet.  It  is  divided  by  a  slate  band  4  or  5  inches 
thick.  The  upper  member  is  variable  ;  the  lower  is  solid,  and  in  the  lower  gangway  of  increased  thickness.  It 
is  confidently  asserted  by  some  persons  that  the  quality  and  appearance  of  this  coal  are  so  nearly  like  the  Mam- 
moth of  Mine  Hill  as  to  establish  their  identity.  The  test  is  not  a  sound  one.  It  seems  to  be  the  Barcleugh 
Seam  of  our  section,  given  on  Mr  Bennett's  authority. 

Salem  Colliery  (page  175  of  text) — B.  Tyson  &  Co. — In  the  vaUey  of  the  West  Branch  below  Llewellyn. — 
Aslope  is  sunk  on  the  tunnel-seam  127  yards;  dip  S.  40°  at  top,  45°  at  bottom.  The  gangway  driven  W. 
is  600  yards  long.  Ninety  yards  W.  of  the  slope  a  tunnel  is  driven  N.  88  yards  to  the  Black-Mine  Seam.  A  bed 
15  inches  thick  was  cut  33  yards  N.  of  the  slope  coal.  The  Black  Mine  dips  38°  at  the  tunnel,  though  flatter 
on  the  breast.    The  gangway  is  driven  150  yards  E.,  and  500  yards  W. 

A  new  slope  is  now  sinking  upon  the  Black  Mine  at  an  angle  of  30°  at  the  top  and  40°  below.  It  inter- 
sects the  gangway  15  yards  E.  of  the  tunnel  It  will  be  250  yards  long  from  the  outcrop,  or  100  yards  below 
the  tunnel-level. 

The  tunnel-seam  averages  5  feet  thickness  in  this  mine :  it  is  not  flivided  by  slates,  though  somewhat 
tending  to  dirt-faults.    The  subdivisions  of  the  Black-Mine  Seam  are  thus  stated  : — 
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Coal,  1  foot  6  inches;  hard  dark  argillaceous  Sandstone,  10  inches;  Coal,  2  feet;  Dirt  undermining,  2  inches; 
Coal,  2  feet  6  inches. 

The  rock-parting  is  sometimes  wanting,  and  occasionally  is  replaced  by  slate. 
Yield  of  this  colliery,  in  1856,  22,276  tons  ;  in  1857,  23,988  tons. 
The  Old  Salem  Slope-Mine  on  West-West  Branch  is  abandoned. 

Miller's  Colliery  (S.E.  of  the  Old  York  Tunnel,  Costerville). — The  Kear  or  Otto  Grey- Ash  Coal-seam,  which 
is  cut  40  yards  S.  of  the  N.  end  of  the  Old  York  Tunnel,  dips  Southward  below  water-level,  and,  after  forming  a 
basin,  is  elevated  below  the  surface  on  the  crest  of  a  saddle  (M)-  The  slope  at  this  colliery  is  so  located  as  to 
strike  the  seam  on  the  saddle,  and  descend  with  it  on  the  S.  dip.  The  slope  was  sunk  60  yards  at  an  angle  of 
35°  through  North-dipping  measures  to  the  coal,  which  was  followed  30  yards  on  an  average  dip  of  40°,  when 
it  was  nipped  out,  but  came  in  again  near  the  bottom  of  the  slope.  Total  length,  130  yards.  From  the  slope, 
gangways  are  ojjened  90  yards  W.  and  75  yards  E.  The  Kear  Bed  at  this  mine  is  divided  into  two  benches  of 
coal,  each  5  feet  thick,  separated  by  Bone  coal  from  5  inches  to  2  feet  in  thickness.    No  coal  shipped  in  1857. 

MUDDY  BRANCH. 

Morgan  and  Edwards'  Tunnel  Colliery  Qjage  176  of  text) — D.  Edwards,  Forest  Improvement  Com- 
pany's Lands.' — This  tunnel  (a  section  of  which,  so  far  as  it  had  been  driven  in  1853,  is  presented  on  page  157 
of  the  text)  is  driven  N.  into  Mine  Hill  above  water-level  at  the  head  of  the  vaUey  of  Muddy  Branch.  It  inter- 
sects a  number  of  seams  of  coal  at  the  following  distances  from  the  mouth  : — 

160  feet  of  loose  earth  to  the  Brittain  Seam,  10  feet  thick  ;  261  feet  to  the  Anderson  Seam,  9  feet  coal  and  slate  ; 
563  feet  to  the  Forestville  or  Black  Valley  Seam,  10  feet  thick ;  592  feet,  passing  a  small  seam,  to  the  Billy  Best  Vein, 
7  feet  thick  ;  680  feet,  passing  two  small  seams,  to  a  3-feet  bed  of  slaty  coal  at  the  end. 

The  (hp  is  nearly  uniform  65°  S.  The  only  seams  wrought  from  this  tunnel  are  the  Forestville  and  Best. 
The  gangway  on  the  Forestville  Seam  is  driven  E.  330  yards,  and  1040  yards  W.  On  the  Best  Vein  the  gang- 
way is  worked  140  yards  W.  and  120  yards  E.  The  extension  N.  of  the  tunnel  from  the  Black  VaUey  Seam  was 
made  in  1856-57.   Yield  in  1857,  10,477  tons,  mining  only  a  portion  of  the  year. 

Forest  Improvement  Company's  Otto  Mines  (R.  Heckscher  &  Co.) — At  this  colHery  three  seams  are 

wrought  —  the  Grey- Ash,  sometimes 
called  Brittain's,  and  represented  to  the 
E.  by  the  Kear  or  Primrose  Seam  ;  the 
White- Ash  or  Forestville  Black  Valley 
Seam  ;  and  a  small  seam  underl}-ing 
the  latter,  and  known  as  the  Little 
Vein.  The  first  is  now  wi'ought  exclu- 
sively below  water-level,  the  two  last 
above  water-level  only. 

The  structural  featm'es  developed  by 
the  mining  upon  these  seams  are  among 
the  most  curious  and  instructive  any- 
where exhibited  in  the  region.  We 
shall  attempt  to  describe  these,  so  far 
as  they  are  at  present  understood,  by 
aid  of  the  annexed  diagram. 

Fig.  312.— Ground  Plan  of  the  Otto  White  and  Grey  Ash  Collieries.  The  broad  anticlinal  (|\/j)    the  axis 

of  which  ranges  immediately  S.  of  the  Falls  of  the  Swatara,  is  flanked  on  both  sides  by  the  Otto  T\Tiite- 
Ash  Coal  and  its  imderlier,  the  "  Little  Vein."  On  the  W.  side  of  the  Swatara  the  two  outcrops  of 
the  same  seam  are  not  less  than  900  yards  apart  ;  but  the  anticlinal  droops  E.,  causing  the  outcrops 
to  converge  and  unite  2000  yards  E.  of  the  stream.  At  this  point  the  coals  cUp  E.,  and  are  entered  at 
and  above  water-level  (the  upper,  or  White-Ash  Seam,  is  near  the  anticlinal  axis)  by  two  short  timnels,  from 
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which  gangways  diverge  more  and  more,  going  W.  as  they  approach  the  Swatara.  On  the  S.  dip  the  gangways 
are  driven  a  mile  W.,  and  on  the  N.  1600  yards.  The  average  N.  dip  is  50°,  the  S.  25°.  At  convenient  points, 
tunnels,  the  lengths  of  which  vary  with  the  angle  of  dip,  are  driven  to  the  Little  Vein,  which  is  mined  on 
both  dips  of  the  anticlinal.  The  actual  thickness  of  rock  cut  through  by  these  tunnels  is  about  40  feet.  Gang- 
ways are  driven  on  the  Little  Vein  parallel  to  the  main  gangways,  and  the  small  seam  is  wrought  in  the  same 
manner,  though  not  to  the  same  extent.  The  mam  coal  averages  a  thickness  of  10  feet  when  sound.  The  S. 
gangways  are  abandoned  because  the  coal  is  entirely  cut  out  by  rock.  The  lower  coal,  6  feet  thick  when  regular, 
is  liable  to  degenerate  to  slate. 

The  Otto  Grey-Ash  Seam  is  estimated  to  lie  100  yards  higher  in  the  series  than  the  White- Ash  Bed.  The 
gangways  upon  it,  both  above  and  below  the  water-level,  have,  in  keeping  their  level,  been  influenced  by  three 
well-marked  anticlinal  rolls,  including  as  many  synchnal  basins. 

The  anticlinal  of  the  Swatara  Falls  observes  the  normal  direction  common  to  all  the  great  axes  of  the 
region,  until  it  approaches  the  openings  on  the  Otto  White-Ash  Seam  above  described.  From  these,  as  it 
expires  E.,  it  seems  to  be  deflected  10°  N.  of  its  previous  course,  and  causes  a  sharp  curvature  in  the  Grey- Ash 
Seam  in  the  water-level  gang-way,  and  a  counter-level  under  cover  of  high  ground.  From  the  water-level 
gangway  on  the  N.  dip  of  this  axis,  communication  was  made  870  yards  from  the  York  Tunnel,  across  a  narrow 
basin  rising  W.  with  the  old  W.  gangway  on  the  same  bed,  dipping  S.  It  appears,  therefore,  that  we  have  at 
this  point  the  W.  extremity  of  the  basin  of  the  York  Tunnel  as  affecting  this  bed.  On  the  S.  side  of  the 
anticlinal  axis  the  gangway  pursues  a  devious  though  general  S.W.  course  for  750  yards  to  a  slope,  following 
the  coal  below  water-level  in  the  direction  of  dip  S.  35°  E.,  the  angle  of  dip  20°.  Leaving,  for  the  present,  the 
water-level  gangway,  and  descending  with  the  slope  60  yards,  we  find  the  dip  diminished  to  8°.  Sixty  yards  still 
farther  down  the  slope  it  again  augments  to  16°.  At  both  these  levels,  gangways  are  driven  E.  upon  the 
bed.  The  lower  gangway,  1 80  yards  E.  of  the  slope,  is  deflected  N.  a  short  tlistance,  and  again  resumes  its 
course;  but  300  yards  ifrom  the  slope  the  joint  effect  of  a  small  anticlinal  subsiding  W.,  and  a  synclinal  rising 
in  the  same  direction,  affords  opportunity  for  three  gangways  to  diverge — one  turning  S.,  to  pursue  the  S.  side 
of  the  anticlinal;  one  observing  theN.  side,  the  dip  of  which,  amounting  to  11°,  is  common  also  to  the  basin;  and 
a  third,  driven  N.E.,  following  the  gentle  S.E.  dip  of  a  basin  which  is  widely  expanding  and  rising  towards  the 
W.  This  branch  gangway  is  driven  350  yards  ;  the  two  preceding,  100  yards  each.  The  upper  level  of  the  slope 
is  shghtly  affected  by  the  prolonged  rise  of  the  basin  (which  also  causes  the  gentle  dip  of  8°  in  the  slope)  ;  but 
its  general  course  is  nearly  parallel  to  the  water-level  gangway,  and  it  has  been  worked  700  yards  N.E.,  or  nearly 
to  the  axis  of  the  great  anticlinal.  It  is  impossible  to  estimate  the  full  significance  of  the  presence  of  this  small 
anticlinal,  which  causes  the  branching  of  the  gangways ;  whether  it  becomes  important  farther  E.  and  represents 
axis  (M)  on  West-West  Branch,  is  a  question  the  future  must  determine. 

Westward  from  the  slope  the  water-level  gangway  and  the  two  slope-levels,  as  far  as  they  have  been  driven, 
come  under  the  influence  of  a  synclinal  basin,  which,  observing  the  normal  direction,  rises  and  expands  so 
rapidly  towards  the  W.  that  its  effects  are  entirely  lost  on  the  flank  of  the  axis  of  the  Falls  :  nor  is  this  all,  for, 
as  we  will  presently  show,  an  anticlinal  (N),  the  axis  of  which  ranges  parallel  and  about  100  yards  S.  of  that  of 
the  basm  while  drooping  E.,  rises  and  flattens  out  towards  the  W.,  so  that  we  are  nowhere  able  to  discover  its 
identity  as  a  distinct  flexure,  unless  we  choose  to  regard  that  antichnal  ranging  S.  of  Fisher's  Basin  as  a  Western 
extension  of  the  same.  The  eff'ect  of  the  gradual  obliteration  of  the  N.  dip,  common  to  the  saddle  and  the 
basin,  is  a  great  expanse  of  lower  measures  having  a  general  S.E.  dip.  In  the  water-level  gangway  the  rise  of 
the  basin  is  encountered  225  yards  S.W.  of  the  slope.  From  this  point  the  gangway  obseiTCS  an  E.  course  275 
yards  to  the  entrance,  from  which,  drivina  in  a  direction  contrary  to  that  we  have  been  tracing,  the  strange 
developments  we  have  been  describing  were  made.  A  gangway  at  a  higher  level  on  the  breast  bends  round 
the  basin,  and  comes  out  at  the  surface  on  the  opposite  dip.  At  the  drift-mouth  of  the  water-level  the  dip  of  the 
coal  is  vertical  N.  Twenty  yards  E.  of  this  a  shaft  is  sunk  45  yards  on  the  coal,  and  gangways  are  driven. 
W.  of  the  shaft  150  yards,  the  rise  of  the  basin  is  encountered  at  the  gangway  level.  The  coal  is  mined  round  on 
the  S.  dip  1 00  yards,  until  it  meets  the  bottom  of  the  slope  prolonged  192  yards  below  the  water-level  gangway. 
E.  of  the  slope  the  lower  gangway  is  driven  450  yards  on  an  average  dip  of  14°  S.    E.  from  the  shaft  a  gangway 


436 


SOUTHERN  ANTHRACITE  BASIN. 


is  driven  on  the  vertical  dip  550  yards  to  a  tunnel  cut  S.  100  feet  across  the  axis  to  the  coal  on  its  S.  side, 
dipping  45°  S.  From  this  tunnel  a  gangway  is  driven  350  yards  W.  At  the  face  or  far-end  of  this  gangway 
it  is  450  feet  to  the  gangwtiy  on  the  N.  tlip.  Above  water-level  on  this  S.  dip  the  coal  W^as  wi'ought  by  drift 
many  years  ago. 

The  following  section  represents  the  subdivisions  of  the  Otto  Grey-Ash  Seam,  when  fairly  developed  : — 

Coal,  2  feet ;  Coal,  3  feet ;  Bony  Coal,  2  feet ;  Coal,  2  feet ;  Dirt,  2  inches  j  Coal,  3  feet  6  inches. 

It  is  comparatively  free  from  fault,  though  the  average  thickness  of  marketable  coal  in  the  bed  is  hardly 
so  great  as  we  have  stated. 

The  shipments  from  the  Otto  White-Ash  Colliery  in  1857  amounted  to  49,778  tons ;  from  the  Otto  Grey- 
Ash,  55,214  tons.    The  capacity  of  the  two  mines  for  1858  is  estimated  at  130,000  tons. 

Branchdale  Colliery  (page  176  of  text) — Dewart  Lands — Lessee,  C.  C.  Boyer  (formerly  Macdonald). — 
The  slope  is  sunk  on  the  S.  dip  of  a  saddle  (P)  of  the  Spohn  Coal-seam  at  an  angle  of  35° ;  length  of  slope, 
350  feet.  From  the  foot  of  the  sloj^e  a  gangway  is  driven  300  yards  E.  In  the  opposite  direction  the  gangway 
pursiies  a  W.  course  for  850  yards,  where  the  coal  is  squeezed  out.  E.  of  the  fault  a  slowly-rising  gangway 
is  opened  obliquely  up  the  breast  250  yards,  and  a  level  gangway  is  driven  some  distance  W.  until  it  swings 
round  the  point  of  the  declining  saddle.  The  rising  gangway  crosses  this  saddle,  which  dips  4°  W.,  and  is  worked 
400  yards  E.  on  the  N.  dip  until  it  is  aflfected  by  a  basin  rising  E.,  which  causes  the  level  to  swing  off  to  the 
N.  The  breasts  from  the  gangways  we  have  described  communicate  with  the  old  counter-level  gangway  of 
Macdonald,  which  curved  round  the  point  of  the  saddle  and  the  basin.  The  bed  averages,  when  sound,  from 
4 1  to  5  feet  of  coal. 

An  attempt  was  made  to  reach  higher  coals  by  a  tunnel  'driven  S.  from  the  gangway  700  yards  W.  of  the 
slope.    This  tunnel,  285  yards  long,  cut  three  small  dirt-beds,  but  no  coal  of  workable  value. 

SWATARA. 

Swatara  Colliery  (page  178  of  text) — Lessees,  Brown  &  White — Forest  Improvement  Company's  Lands. — 
The  upper  mines  consist  of  two  drifts  entering  at  water-level  on  the  N.  side  of  the  great  anticlinal  (M)  of  the 
Swatara  Falls.  The  seams  Avrought  correspond  in  relative  position  and  character  to  those  mined  in  Fisher's 
Basin,  S.  of  the  Falls  axis.  The  N.  drift  follows  the  bottom  slate  of  the  upper  coal  of  Fisher's  Basin,  or  the 
"  Red-Ash  Vein" — so  called  because  one  of  its  benches  yields  a  Red  Ash — on  the  horizon  of  the  Forestville  Seam. 
The  gangway  pursues  a  W.  course  400  yards,  when  it  is  deflected  N.E.  by  the  rising  basin  of  the  coal,  in  a  uni- 
form direction  as  far  as  wrought,  or  400  yards  on  the  S.  dip.  The  N.  dip  at  the  mine-opening  is  25°  ;  it  declines 
gradually  to  8°  at  the  end  of  the  basin,  and  on  the  S.  dip  rises  to  30°.    The  thickness  of  the  seam  is  10  feet. 

The  gangway  in  the  lower  bed  on  the  N.  dip  of  the  basin  ranges  parallel  to  that  in  the  upper,  35  yards 
distant.  It  is  in  like  manner  affected  by  the  heading-up  of  the  basin  W.,  and  sweeps  round  to  the  E.  a  fourth 
of  a  mile  from  the  mine -mouth.    The  thickness  of  thi.s  scam,  known  as  the  "  Little  Vein,"  is  from  5  to  6  feet. 

It  is  worthy  of  remark  that  the  gangways  on  the  S.  side  of  the  basin  lie  precisely  in  the  range  of  the  gang- 
ways driven  W.  from  Muddy  Branch,  on  coals  doubtless  the  same  as  those  flanking  the  N.  side  of  the  Falls 
anticlinal. 

Brown  and  White's  lower  mines  are  situated  in  the  synclinal  known  as  Fisher's  Basin,  lying  S.  of  the  Falls 
axis.  The  coals  wrought  are  the  same  we  have  shown  above  ;  they  are  exhibited  in  the  Swataiva  Section.  On  the 
lower  seam  two  gangways  are  driven  W.  at  different  levels  on  the  N.  side  of  the  basin — one  on  the  S.  dip,  and 
one  in  the  centre  of  the  trough.  As  the  basin  sinks  or  deepens  W.,  the  latter  gangway,  preser\dng  its  level, 
branches  140  yards  from  the  entrance,  the  branches  following  the  coal  on  the  opposing  dips.  The  transverse 
ravine  of  Big  Creek,  800  yards  W.  of  the  drift  entrances,  cuts  out  the  coal  of  the  upper  breasts  on  both  sides  of 
the  basin  ;  but  one  gangway  on  the  S.  dip  passes  under  the  stream.  W.  of  the  Creek  the  coal  has  been  worked 
400  yards.  The  extreme  width  of  the  basin  from  outcrop  to  outcrop,  where  the  ground  is  highest,  is  1100  feet. 
The  N.  dip  of  the  basin  at  the  Swatara  is  25°  or  30°.    W.  of  Big  Creek  it  augments  to  70°,  and  rapidly  falls  off 
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to  9°  near  the  W.  end  of  the  gangway.  The  N.  dii)  is  quite  uniform  from  10°  to  20°.  The  coal  in  this  mine 
averages  6  feet  in  thickness. 

The  Upper  Coal,  or  Big  Vein,  is  wrought  in  a  manner  quite  similar  to  the  preceding.  The  mining  of  this 
bed  demonstrates  the  fact  that  the  bottom  of  the  basin  does  not  sink  W.  except  for  a  short  distance  near  the  E. 
end.  For  this  reason  a  gangway  is  opened  along  the  axis,  and  coal  is  wrought  from  the  breasts  on  both  sides. 
The  coal  is  mined  W.  1200  yards.   The  subdivisions  of  the  bed  are  as  follows  : — 

Shelly  coal,  1  foot ;  Coal,  5  feet ;  Coal,  3  feet ;  Bone  Coal,  1  foot ;  Coal,  2  feet. 

The  shipments  from  this  colliery,  in  1857,  were  93,388  tons. 

Oliver's  Colliery  (formerly  M'Creary's) — Forest  Improvement  Company's  Lands. — This  colliery  is  based 
upon  the  seams  wrought  by  Brown  and  White,  though  lying  on  the  S.  side  of  the  anticlinal  (N)  ranging  S.  of 
Fisher's  Basin.  Ou  the  W.  side  of  the  Swatara,  the  lower  or  "  Little  Vein  "  only  is  wrought  above  water-level, 
the  Big  Vein  or  Red- Ash  Seam  having  been  driven  Westward  1500  yards.  The  Little  Vein,  dipping  40°  S.,  is 
mined  260  yards  W.    The  seam  is  somewhat  thinner  and  less  pure  than  in  Fisher's  Basin. 

On  the  E.  side  of  the  Swatara  the  Big  Vein  or  Otto  White- Ash  Bed  is  wi^ought  from  two  gangways  on  the 
breast  above  water-level ;  the  upper  gangn^ay  500  yards,  the  lower  750  E.  The  coal  on  the  upper  level,  100 
yards  E.  of  the  diift-mouth,  is  influenced  by  a  small  wrinkle,  which  caused  the  gangway  to  turn  N.  for 
a  short  distance.  A  far  more  important  flexiire  affecting  the  dip  is  encountered  at  the  E.  end  of  the  upper 
gangway.  At  this  point  the  anticlinal  (n)  S.  of  Fisher's  Basin  seems  to  expire,  as  it  aff'ects  this  coal,  rapidly 
to  the  Eastward,  causing  a  sharp  turn  at  the  gang-way-level  into  E.,  and  finally  into  a  N.  dip.  The  coal  at  this 
point  is  faulty  and  confused.  This  has  caused  a  suspension  of  work  in  this  part  of  the  mine  ;  but  as  the  W. 
gangways  from  the  Otto  Mines  on  the  same  bed  stopped  in  a  fault  but  a  short  distance  to  the  N.  on  South-dipping 
coal,  it  appears  evident  that  a  smaU  basin  intervenes,  which,  rising  Westward,  would  cause  a  reverse  curve  of 
the  gangway  before  it  could  resume  an  Easterly  direction  on  the  S.  dip.  The  lower  level  seems  to  be  experienc- 
ing the  influence  of  the  same  disturbance.  At  this  level  a  division  in  the  bed  occurs  a  fourth  of  a  mile  E.  of  the 
drift-mouth  by  the  intercalation  of  a  stratum  of  slate  of  too  great  thickness  to  be  cut  away.  The  gangway 
divides  at  this  point ;  but  in  500  feet  distance,  the  rock  having  thinned  away,  the  two  branches  reunite  into 
one.  In  the  upper  level  no  such  division  occurred.  The  average  normal  dip  of  the  bed  is  35°  S.  In  thickness 
it  corresponds  nearly  to  what  we  have  seen  of  it  in  Fisher's  Basin. 

Fisher's  Basin  seems  to  have  expired  so  rapidly  to  the  E.  by  a  flattening-out  of  the  dips,  that  its 
effects  are  not  traceable  on  the  E.  side  of  the  Swatara,  and  every  attempt  to  find  it  developed  as  a  basin  of  coal 
has  failed.  We  see  exhibited  here  the  fact  of  a  synclinal  and  anticlinal  flexure,  both  expiring  so  rapidly  in  the  same 
direction  as  to  develop  only  a  trifling  subsidiary  change  of  dip  on  the  flank  of  the  great  anticlinal  of  the 
Swatara  Falls. 

The  yield  of  Oliver's  Colliery,  in  1857,  was  9638  tons. 

C.  White's  Colliery  (Forest  Improvement  Company's  Lands). — The  seam  here -wrought  crops  out  at  water- 
level  150  yards  S.  of  Oliver's  Big  Vein.  It  is  regarded  as  the  "  Grey-Ash  Vein  "  of  the  Otto  Mines.  Dip,  S.  45°. 
Gang-ways  are  driven  at  water-level  800  yards  W.,  and  750  yards  E.  The  subdivisions  of  the  seam,  under 
favourable  circumstances,  in  the  W.  gangway  are  as  follows  : — 

Coal,  G  feet  6  inches  ;  Dirt  uudermining,  2  inches ;  Coal,  1  foot  8  inches ;  Dirt,  1  foot  2  inches. 

In  the  E.  gangway  the  following  section  Avas  taken  near  the  face  of  the  gangway  : — 

Coal,  4  feet ;  Bone,  1  foot ;  Dirt,  1  foot ;  Shelly  Coal,  3  feet. 

A  slope  was  recently  sunk  80  yards  on  the  same  bed  below  water-level.  In  1857,  2.3,369  tons  of  coal 
were  shipped. 

Dundas  Colliery,  No.  6,  Sharp  Mountain,  E.  of  Tremont,  or  Bettinger  Tunnel  (Lessee,  John  Doherty). — 
This  tunnel,  2^  miles  E.  of  Tremont,  enters  Sharp  Momitain  80  yards  above  water-level,  and  intersects  six 
beds  of  coal,  viz.  : — 
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185  feet  to  5-feet  bed  ;  dip,  30°  S.  ;  not  worked.  +  215  feet  to  6-feet  soft  coal ;  dip,  30"  S. ;  gangways,  300  yards 
E.  and  W.  +  76  feet  to  2-feet  bed ;  dip,  52°  S.  +  120  feet  to  4-feet  bed.  +  170  feet  to  10  or  12  feet  bed;  dip, 
45°  S, ;  gangways,  300  yards  E.,  and  250  yards  W.  +120  feet  to  coal,  subdivided  by  2  feet  6  inches  of  slate  into  an 
upper  member  G  feet  thick,  and  a  lower  2  feet  6  inches  thick  :  this  seam  dips  45"  S.  The  last  two  seams  only  are 
mined  by  gangways  E.  and  W.   The  tunnel  is  now  being  prolonged  Southward  to  other  beds  of  coal. 

MIDDLE  CREEK. 

Woodville  Colliery  (page  179  of  text) — L.  S.  Spangler — situated  on  IVIiddle  Creek,  in  and  immediately 
S.  of  the  Westward  prolongation  of  Fisher's  Basin. — The  Ten-feet  Seam  of  the  Donaldson  Section  has  been 
wrought  in  the  centre  of  the  basin  on  the  E.  side  of  Middle  Creek.  50  yards  E.  of  the  mine-entrance  the  basin 
deepens  so  rapidly  as  to  require  two  gangways  to  give  access  to  the  coal  on  its  two  sides.  The  N.  dip  of  the 
basin  is  15°,  the  S.  dip  25°.  The  N.  gangway  is  400  yards  long;  the  S.  gangway  300  yards,  to  a  point  at 
which  it  bears  off  Southward  around  an  anticlinal  subsiding  Eastward.  At  this  point,  along  the  E.  dip,  a  slope 
is  sunk  85  yards,  and  gangways  driven  a  short  distance  W.  in  the  basin,  and  S.  on  the  saddle. 

On  the  S.  side  of  the  saddle  the  same  bed  is  now  wrought  from  Middle  Creek  at  water-level :  it  dips  35°  S. 
The  gangway  is  driven  GO  yards  E.,  the  dip  growing  flatter  as  it  advances.  The  seam  contains  7  or  8  feet 
thickness  of  coal.  It  is  subdivided  by  slate  sometimes  2  feet  thick.  On  the  W.  side  of  the  Creek  a  gangway  is 
wrought  1000  yards  W. 

The  Big  Seam  of  Donaldson  is  wrought  at  water-level  on  both  sides  of  Middle  Creek.  The  gangway  "W. 
runs  1300  yards,  the  gangway  E.  400  yards.  On  the  W.  side  the  seam  is  20  feet  thick,  including  the  usual 
middle  slate.    On  the  E.  side  the  whole  seam  dwindles  to  8  feet  thickness. 

The  Black  Heath  and  "  Primrose  "  (Black  Valley)  seams  have  also  been  wrought ;  the  latter  by  gangways 
E.  and  W.  at  water-level,  the  former  by  a  gangway  W.  It  is  reached  by  a  tunnel  from  the  Primrose  gangway 
driven  26  yards  N.  Dip,  S.  40°.  It  is  proposed  to  sink  a  slope  on  the  Big  Seam  during  the  present  season. 
Shipments  from  this  and  the  Spohn  Colliery  at  Tremont,  for  1857,  30,514  tons. 

DONALDSON. 

Broad  Mountain  Colliery  (page  181  of  text) — N.  of  Donaldson — R.  H.  F.  Horton. — A  tunnel,  of  which, 
so  far  as  it  was  completed  at  the  time  our  measurements  were  made,  we  have  elsewhere  presented  a  Section,  is 
driven  Northward  into  Broad  or  Thick  ]\Iountain.  This  tunnel  intersects  all  the  important  lower  seams  of 
the  Donaldson  Section.  From  the  entrance  it  is  141  yards  long  to  the  "  Primrose  "  (Black  Valley)  Seam  ;  174 
yards  to  the  Black  Heath  Seam  ;  268  yards  to  a  4-feet  seam ;  288  yards  to  the  Big  Seam ;  and  384  to  the 
Ten-feet  Seam.  Between  the  last  two  important  beds  two  small  impure  beds  were  passed  ;  the  lowermost  of 
these  is  known  as  the  "  Iron-ore  Coal."    The  dip  of  the  beds  ranges  from  50°  to  60°  S. 

The  Primrose  Seam,  which  has  yielded  from  5  to  7  feet  thickness  of  coal,  is  driven  1700  W.  The  Black 
Heath  Seam  varies  in  thickness  from  3  to  12  feet.  It  has  been  wrought  480  yards  E.,  and  1320  yards  W.  The 
Big  Seam,  the  only  one  now  wrought  from  the  tunnel,  is  driven  500  yards  E.,  and  1850  yards  W.  It  is  sub- 
divided by  a  slate  of  variable  thickness,  between  6  inches  and  6  feet,  into  an  upper  bench  of  1 2-feet  coal,  and  a 
lower  one  of  9  feet  5  inches.  In  common  vnth.  all  the  others,  it  is  more  or  less  liable  to  compression,  and  con- 
sequent faulty  structure.  The  Ten-feet  Seam  measures  10  feet  in  thickness,  inclusive  of  a  middle  bench  of  bone, 
coal  and  slate  2  feet  thick. 

The  Big  Seam  is  mined  below  water-level  from  a  slope  sunk  185  yards  from  the  surface.  The  slope  inter- 
sects the  tunnel  gangway  4  yards  W.  of  the  tunnel.  Dip,  54°  at  top  and  bottom,  64°  midway.  Gangway,  600 
yards  W.  and  400  yards  E. ;  (Hp,  70°  at  the  end  of  W.  gangway.  From  the  gangway,  200  yai-ds  W.  of  the  slope,  a 
tunnel  is  now  being  driven  Northward  to  cut  the  Ten-feet  Seam. 

A  new  slope  is  sunk  on  the  "  Primrose  "  Seam  about  150  yards  E.  of  the  tunnel  Length  below  surface,  110 
yards  ;  S.,  dip  54°.  Gangways  are  started  from  the  slope.  It  is  designed  to  tunnel  N.  from  the  gangway  to  the 
Black  Heath  Seam. 

Shipments  in  1857,  58,838  tons. 
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Spohn  Colliery  (page  183  of  text) — L.  S.  Spangler — near  Tremont. — The  two  main  N.  and  S.  anticlinal 
flexures  of  the  Little  Lick  Mountain  drooping  Eastward,  and  the  included  basin  rising  Westward,  have  very 
materially  affected  the  simplicity  of  the  mine  at  this  colliery.  A  di-ift  enters  at  water-level,  and  follows  a  small 
slate-seam,  150  yards  Westward,  dipping  N. ;  a  tunnel  is  then  cut  40  yards  S  to  a  "Four-feet"  seam  of  coal, 
dipping  steeply  N.E.  from  the  subsiding  main  Southern  axis  of  Little  Lick  Mountain.  Followed  Westward  25 
yards,  the  saddle  rises  so  rapidly  in  the  same  direction  as  to  throw  off  the  coal  on  its  flanks,  dipping  N.  and  S. 
The  S.  gangway,  driven  900  yards  W.,  is  deflected  Southward  owing  to  the  Westwai'd  rise  of  the  basin  included 
between  the  anticlinals  of  Little  Lick  and  Eed  mountains,  and  swings  round  to  the  S.  side  of  the  basin. 

The  N.  gangway  is  driven  -iOO  yards  Westward  to  the  rise  of  the  basin  between  the  anticlinals  of  Little 

Lick  Mountain  ;  it  then  swings  Northward  and  East-  — - 

ward,  until,  in  a  short  distance,  it  sweeps  round  the 
N.  saddle  and  again  ranges  Westward.  On  this  N. 
side  of  the  Northern  axis  JVIi-  Eckel  has  penetrated 
to  the  seam  by  a  tunnel  at  a  higher  level  than 
Spangler 's  Gangway,  and  has  driven  the  gangway 
Westward,  imtil  it  begins  to  turn  Northward  under 
the  effect  of  the  Westward  ascent  of  the  basin  between 
Little  and  Big  Lick  mountains. 

From  the  "Four-feet"  Seam,  Eckel's  Tunnel  is  pro- 
longed 64?  yards  S.  to  the  "  Seven-feet "  Seam.  This 
bed  was  wrought  Westward  and  Eastward  romid  the  Northern  anticlinal.  The  same  bed  is  entered  by  Spangler 
from  his  S.  gangway  on  the  Four-feet  Coal,  but  it  proves  too  impure  to  mine  at  that  point.  It  has  been  wrought 
to  a  limited  extent  on  the  N.  side  of  the  S.  axis  by  a  tunnel  from  the  surface. 

From  Eckel's  Gangway,  on  the  Seven-feet  Seam,  and  also  from  several  points  on  the  surface,  tunnels  are 
driven  to  a  stiU  lower  seam  of  coal  than  the  preceding.  It  is  locally  known  as  the  "  New  Seven-feet "  Seam,  or 
Wolf's  (see  Plate  VII.),  and  is  aflfected  by  the  several  flexm-es  of  the  mountain  in  a  manner  precisely  similar  to 
the  beds  already  described.  The  extraction  of  coal  at  the  colliery  is  now  entirely  confined  to  a  gangway  on  that 
part  of  the  bed  which  dips  Southward  from  the  Southern  axis  of  Little  Lick  Mountain.  The  Four-feet  Seam  has 
yielded,  on  an  average,  4  feet  thickness  of  coal ;  the  two  other  seams  about  5  feet  each. 


SpaTigler, 


Hnl  Mill. 

Fig.  313. — Diagi-am  of  Spangler  and  Eckel's  Gangways. 


RAUSCH  CREEK. 

Mount  Eagle  Colliery  (page  184  of  text) — H.  Heil  and  Co. — The  great  anticlinal  of  Little  Lick  Moun- 
tain, which  enters  the  coal-field  from  the  Williams  Red-Shale  Valley  at  "  the  Kettle,"  as  it  di'oops  slowly  East- 
ward, is  arched  above  water-level  by  higher  and  higher  measures,  until,  on  Rausch  Creek,  the  Great  Upper  Egg-Con- 
glomerate descends  beneath  water-level,  and  the  "  Ten  feet  "  and  "  Big  "  coal-seams  of  the  Donaldson  Section 
repose  under  high  groimd  on  the  E.  side  of  the  creek. 

At  Heil's  Colliery,  a  tunnel  starting  from  the  surface,  near  the  outcrop  of  the  "  Ten-feet  "  Seam,  is  driven  a 
few  degrees  E.  of  N.  100  yards,  through  higher  and  higher  measures  to  the  Big  Coal,  which  dips  30°  N.  10°  E. 
In  the  tunnel  several  thin  bands  of  coal  and  coaly  matter  were  passed.  The  Big  Seam  includes  an  upper  bench 
of  coal  from  10  to  12  feet  thick,  separated,  by  slate  from  9  to  12  feet  thick,  from  the  lower  coal  6  or  8  feet  thick. 
Portions  of  the  seam  are  wrought  from  parallel  gangways,  except  where  the  intervening  slate  becomes  so  thin  as 
to  admit  of  being  readily  cut  away.    When  the  slate  is  thin,  the  coal  is  correspondingly  thick. 

From  the  tunnel,  parallel  gangways  are  driven  South-Eastward,  but  they  gradually  deflect  more  and  more 
S.  as  the  coal  sweeps  roimd  the  point  of  the  saddle  to  take  its  position  on  the  S.  side.  The  gangway  on  the 
upper  bench  is  400  yards  long  ;  on  the  lower,  300  yards.  In  the  opposite  direction  from  the  tunnel  two 
gangways  are  driven  on  the  N.  dip  of  the  coal  300  yards,  when  the  slate  division  becomes  thin,  and  is  cut  away, 
one  gangway  only  being  pushed  forward.  This  is  driven  500  yards.  At  the  present  date  some  symptoms  of  a 
turn  of  the  gangway  towards  the  N.  begin  to  manifest  themselves.    It  is  not  improbable  that  such  a  change  of 
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direction  wiU  actually  occur,  as  the  coal  may  be  affected  by  the  shoaling  or  rising  Westward  of  the  basin 
included  between  the  double  anticlinal  flexure  of  Little  Lick  Mountain,  as  we  have  seen  to  be  the  case  with  higher 
coals  near  Tremont. 

An  extension  of  the  tunnel  to  higher  seams  is  now  in  progress.  The  Black  Heath  Bed,  it  is  expected,  will  be 
reached  in  150  yards. 

Shipments  in  1857,  44,433  tons. 

Lorberry  Creek — Wheeler-  arid  31  tiler's  Colliery. — From  Rausch  Creek,  the  Big  Seam  is  indicated  by  an 
outcrop  on  the  S.  side  of  the  anticlinal  of  Little  Lick  Mountain  to  the  valley  of  Lorbeny  Creek.  At  the  head  of 
this  valley  a  tuimel  is  tlidven  130  yards  N.  to  it.  Several  unimportant  coal-seams  were  cut  in  the  tunnel.  The 
prevailing  subdivisions  of  the  seam  in  this  mine  are  as  follows  : — 

Coal,  5  feet ;  Slate  and  Dirt,  2  feet  6  inches  ;  Coal  in  four  benches,  12  feet. 
Dip  30°  S.    From  the  tunnel  a  gangway  is  driven  E.  1600  yards.    In  tliis  gang-way,  500  yards  E.,  the  coal  was 
compressed  and  shelly  for  200  yards. 

A  slope  is  now  being  sunk  from  the  gangway  60  feet  E.  of  the  tunnel.  This  slope  descends  obliquely  upon 
the  dip  at  an  angle  of  25°.    It  will  be  200  feet  long  to  the  level  of  Kitzmiller,  Stees,  &  Co.'s  old  gang-way. 

Shipments  in  1857,  22,248  tons. 

Kitzmiller,  Stees,  &  Company  s  Colliery.  —  On  the  S.  side  of  the  basin  opposite  the  coUieiy  last 
described,  the  Big  Seam  has  been  wrought  at  water-level,  and  is  now  mined  from  a  slope  below  water-level.  The 
water-level  gangway,  following  the  coal  W.  on  a  N.  dip  of  30°,  when  700  yards  from  the  entrance,  turns  N. 
round  the  rising  basin  of  the  coal,  and  ranges  E.  nearly  to  Wheeler  and  IVIiller's  Tunnel.  The  E.  dip  in  the 
basin  is  18",  the  S.  dip  30°.    Width  of  the  basin,  about  500  yards. 

The  slope  is  sunk  on  the  N.  dip,  near  the  drift-moutL  It  is  100  yards  long,  dip  30°  at  top,  35°  at  bottom. 
The  gangways  are  driven  320  yards  W.  and  180  yards  E.  In  the  slope  the  seam  is  17  feet  thick  ;  but  the  middle 
bench  of  slate  and  dirt  is  5  feet  thick,  and  the  lower  coal  consequently  thinner  than  in  the  water-level  gang-way. 

Shijjments  in  1857, 12,655  tons. 

The  anticlinal  of  Red  Mountain  ranges  a  short  distance  S.  of  the  colliery.  The  Big  Seam  has  been  proved 
on  its  S.  dip,  but  the  subsidence  of  the  arch  E.  canies  it  below  water-level  on  Eausch  Creek,  as  our  section 
shows. 

Sharp  Mountain  Colliery  (page  186  of  text) — Charles  Molley  &  Co. — E.  side  of  Lorbeny  Gap  of  Sharp 
Moixntain. — Slope  sunk  80  yards  on  the  Umberhauer  Red-Ash  Seam,  at  an  angle  of  65°  S.  Gangway  E.  350 
yards  and  W.  300  yards. 

The  coal  varies  in  thickness  from  18  inches  to  3  feet.  It  is  underlaid  by  Bone  coal  and  slate,  and  capped 
by  dirt  "  undermining."  In  parts  of  the  mine  the  coal  has  been  compressed  to  a  thickness  of  a  few  inches  by 
irregularities  in  the  top  rock.    The  length  of  breast  worked  is  65  yards  to  water-level. 

Shipments  in  1857,  7240  tons. 

The  Dauphin  Coal- Basin  is  now  entirely  deserted  by  coal  miners ;  for  several  years  little  or  no  coal  has 
been  shipped  from  it.  So  unreliable  do  the  seams  prove,  and  so  great  is  the  outlay  required,  that,  recollecting 
that  former  experiments  have  faded,  no  disposition  at  present  is  manifested  to  develop  its  resources. 

BEAE  GAP. 

Wico7iisco  Coal-Basin,  Bear  Gap  (page  189  of  text). — In  the  Wiconisco  Coal -basin  at  Bear  Gap,  two 
companies  are  engaged  in  the  mining  of  coal,  the  Lykens  Valley  Coal  Company,  and  the  Short  Moimtain  Coal 
Company.  The  operations  of  these  companies  are  now  entirely  confined  to  the  two  lowermost  seams  of 
Lick  Mountain,  known  as  Nos.  1  and  2.    The  former  company  mine  E.  from  the  Gap,  the  latter  company  W. 

Lykens  Valley  Coal  Company's  Mines  (Superintendent,  ]\Ir  Hoffman). — The  lowermost,  or  No.  1  seam 
of  the  Bear  Gap,  situated  scarcely  100  feet  above  the  Umbral  red  shale,  is  followed  by  a  slope  sunk  90  yards  N. 
at  an  angle  of  45°  at  the  top,  declining  to  18°  at  the  bottom.  From  the  foot  of  the  slope  a  tunnel  is  di-iven  76 
feet  N.  to  the  overlying  No.  2  seam.    In  this  tunnel,  30  feet  above  No.  1,  a  seam  of  coal-dirt  5  feet  thick  is  cut. 
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Upon  the  No.  1  seam  a  gangway  is  driven  E.  from  the  slope  372  yards.  A  small  double  roll  occm-s  142 
yards  from  the  slope,  which  throws  the  seam  24  feet  S.  of  its  previous  line.  Upon  the  No.  2  seam  a  gangway 
is  di-iven  68  yards  W.  and  600  yards  E.  In  this  gangway,  60  yards  E.  of  the  tunnel,  the  seam  makes  an  offset 
S.  30  feet  to  the  dirt  underlier,  with  which  it  ranges  E.  No  marketable  coal  has  yet  been  obtained  from  the 
No.  2  coal  in  the  slope.  The  bed  varies  from  8  to  12  feet  in  thickness,  without  dividing-slates;  it  is  almost 
immediately  overlaid  by  pea  and  nut  conglomerate.  A  new  slope  is  about  to  be  sunk  on  the  No.  2  seam.  The 
No.  1  bed  is  between  5  and  8  feet  in  thickness.  Both  seams  have  been  wrought  very  extensively  above  water- 
level  by  the  Lykens  VaUey  Coal  Company.  The  Big  Seam  has  been  driven  a  mile  and  seven-eighths  E.  from  the  Gap. 
The  lower  seam  is  also  wrought  in  the  same  direction,  but  it  is  generally  too  soft  to  bear  transportation.  By  the 
thiiming  of  the  intervening  strata  3600  feet  E.,  the  two  beds  approach  within  two  feet  of  one  another,  and  range 
forward  as  one  great  bed.  The  breast  or  slant  length  of  these  seams  above  water-level,  from  the  Gap  E.,  is  said 
to  exceed  500  feet ;  dip,  4.5°.  They  outcrop  on  the  S.  slope  of  the  Lick  Mountain,  about  300  feet  below  the 
summit.  On  the  N.  side  of  the  North  or  Bear  Mountain,  the  same  seams  are  proved  about  the  same  distance 
below  the  crest,  and  but  a  little  way  above  the  red-shale  alternations.  At  this  point  the  seams  are  somewhat 
thinner. 

Shipments,  in  1857,  65,202  tons. 

Short  Mountain  Coal  Company  s  Mines  (page  191  of  text) — Superintendent,  A.  B.  Young. — The  mines 
of  this  Company  are  situated  in  the  Short  Mountain,  or  prolongation  of  the  Lick  Moimtain  W.  from  Beai" 
Gap.  The  general  strike  of  the  measm-es  is  S.  78°  W.  for  two  miles,  to  the  high  notch  of  Big  Run,  at  which, 
owing  to  the  effect  of  a  double  anticHnal  flexure  throwing  E.  dips  into  the  valley,  the  trend  of  the  coal-seams 
is  N.  12°  W.  for  300  yards,  and  is  again  almost  due  W.  for  1^-  miles  to  the  extreme  W.  end  of  the  basin,  from 
which  the  outcrop  follows  the  N.  side  of  Bear  Moimtain  E.  The  only  seams  of  profitable  value  traced  through 
this  range  of  country  are  Nos.  1  and  2,  already  wrought  to  a  great  distance  E.  At  Big  Rim  Gap,  and  at  the 
extreme  W.  end  of  the  basin,  openings  are  made  in  both  beds,  which  are  mined  to  a  smaU  extent  for  the  supply 
of  farmers.  At  Bear  Gap  the  Big  Seam  (No.  2)  is  entered  by  a  drift  above  the  water-level,  and  a  gangway  is 
driven  W.  1670  yards.  At  convenient  points  tunnels  are  driven  S.  to  the  No.  1  seam,  upon  which  gangways  are 
driven  parallel,  and  equal  in  extent  to  the  former.  The  intervening  rock  is  generally  a  dark-blue  or  black  shale, 
sometimes  very  sUicious  and  hard  ;  it  varies  in  thickness  from  8  to  30  feet.  Near  the  Gap,  on  a  dip  of  28°  N., 
the  breast  is  170  yards  long,  but  at  the  end  of  the  gangway,  where  the  dip  is  18°,  though  steeper  towards  the 
outcrop,  the  breast  is  270  yards  long.  On  account  of  the  length  of  breast,  and  the  gentle  character  of  the  dip, 
self-acting  planes  are  constructed  inside  of  the  mine — four  on  each  seam — upon  which  the  empty  cars  are  raised 
sidewise  on  a  safety-truck,  and  at  suitable  points  pushed  into  the  chambers,  which  are  cut  out  along  the  dip  at 
right  angles  to  the  planes.  Frequent  bulges  or  convexities  in  the  bottom  slate,  causing  curvature  of  the  gang- 
ways and  breasts,  occur  in  the  mine.  The  prevailing  thickness  of  the  seams  is  about  the  same  as  we  have  already 
noted.  It  is  a  somewhat  singular  circumstance  that  the  two  beds  are  rarely  both  in  a  sound  condition  in  the 
same  neighbourhood  ;  one  is  usually  soft  and  dirty  when  the  other  is  hard.  This  is  also  true  of  the  same  beds 
going  E.    The  No.  2  coal  is  considered  superior  in  quality  to  the  lower  bed. 

Shipments  in  1857,  56,538  tons. 

The  tunnel  driven  N.  across  the  centre  of  the  basin  opposite  Bear  Gap  has  been  abandoned  these  seven  or 
eight  years.  It  is  cut  1110  feet  to  the  Hofi'man  Coal ;  and  from  the  gangway  on  this  bed  500  feet  E.,  is  prolonged 
200  feet  through  several  thin  seams  into  the  conglomerate.  The  only  seams  wrought  to  any  extent  are  the 
Etting  and  Pat  Martin.  Neither  of  these  is  certainly  recognisable  in  the  tunnel,  where  the  measures  are  greatly 
confused  and  broken  up,  but  the  former  was  cut  by  a  short  tunnel  driven  S.  from  the  "  air-hole  coal"  about  500 
feet  E.,  and  the  latter  by  a  second  tunnel  driven  S.  from  the  Etting  seam.  The  Pat  Martin  is  worked  about  two- 
thirds  of  a  mUe  E.  of  where  it  was  struck,  the  Etting  a  mile  E.  Driving  W.  on  the  Etting  seam,  the  gangway 
turns  S.,  then  E.,  and  finally  S.  again,  owing,  in  the  first  instance,  to  the  rise  of  a  basin  W.,  and  in  the  last,  to  a 
saddle  drooping  E.  This  tumiel  was  driven  and  used  for  years  by  the  Lykens  Valley  Coal  Company  ;  but  the 
experiment  was  a  costly  one,  and  proved  unprofitable. 
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About  4  miles  E.  of  Bear  Gap  an  attempt  is  now  being  made  on  the  BeuMer  lands  to  tunnel  N.  through 
the  Lick  Mountain  to  the  Coal-measiu'cs.    The  experiment  is  a  hazardous  one. 

MINE -HILL  VALLEY. 

Win.  Richardson's  Colliery — located  on  Wolf  Creek,  E.  of  MiU  Creek  Gap,  in  the  second  basin  N.  of 
Mine  Hill. — A  perpendicular  shaft  is  sunk  in  the  centre  of  a  synclinal  basin,  through  sand  and  debris  75  feet, 
to  the  Jugular  Bed.  The  upper  portion  of  this  great  bed  seems  to  have  been  swept  away,  leaving  a  band  of 
coal  divided  by  slate  variable  in  thickness,  the  average  yield  of  which  is  12  feet  of  coal.  The  dip  of  the  coal  on 
the  N.  side  of  the  basin  is  perpendicular,  or  rather  N. ;  on  the  S.  side  the  dip  is  gentle.  The  basin  rises  gradu- 
ally to  the  E.  From  the  rising  gangway,  250  feet  E.  of  the  shaft,  a  timnel  is  cut  N.  75  feet,  to  a  lower  coal-bed 
3|  feet  thick.  This  seam  has  been  mined  at  water-level  on  the  slope  of  Broad  Mountain.  Two  other  seams,  one 
7  feet  6  inches  thick,  lying  100  feet  N.  of  it,  and  another,  150  feet  lower  in  the  series,  have  been  mined  above 
water-level  on  the  flank  of  the  Broad  Mountain.  These  seams  dip  nearly  vertically  opposite  INIill  Creek  Gap  of 
the  Mine  HUl,  but  flatten  as  they  range  E.  to  sweep  round  the  rising  basin  of  the  Big  Coal. 

No  coal  has  been  shipped  from  this  mine  for  several  years. 

Repplier's  Colliery  (page  202  of  text) — Lessee,  George  S.  Repplier  (formerly  Lawton),  situated  on  the  N. 
side  of  Mine  HUl,  at  Mill  Creek  Gap. — This  slope  descends  W.  upon  the  bottom  slate  of  the  great  Johns'  Bed  (pro- 
visionally termed  the  Jugular),  as  the  basin  of  that  coal  rises  Eastward.  The  inclined  plane  does  not  foUow  the 
axis  of  the  basin,  the  bearing  of  which  is  S.  70°  W.  Length  of  slope  to  first  level,  401  feet ;  to  lower  level,  996 
feet.  The  dip  is  21°  in  the  upper  lift,  and  19°  in  the  lower.  The  upper-level  gangways  sweep  round  the  end  of 
the  basin  into  regular  N.  and  S.  dips.  On  the  S.  side  of  the  basin,  600  feet  fi'om  the  slope,  a  cut  extends  North- 
ward through  the  7-feet  coal-bed,  here  quite  thin  and  unimportant,  235  feet  to  a  2  feet  6  inches  bed,  which 
was  previously  supposed  to  be  11  feet  thick.  It  was  struck  at  the  centre  of  the  rising  basin.  Its  regular  N.  dip 
is  46",  the  S.  dip  29°.   The  bed  was  mined  on  both  sides  of  the  basin  to  a  limited  extent,  and  is  now  abandoned. 

The  lower  gangways  from  the  slope  curve  similarly  to  the  upper,  keeping  the  bottom  slate  of  the  coal  as 
it  dips  W.,  S.W.,  and  S.  on  the  one  side  of  the  slope,  and  N.W.  and  N.  on  the  other.  Where  the  normal  S.  and 
N.  dips  first  set  in,  the  gangways  ranging  W.  are  400  feet  apart ;  whereas  2000  feet  W.  of  the  slope,  the 
present  limit  of  the  workings,  they  are  240  feet  asunder.  This  is  due  to  the  contraction  of  the  basin  and  the 
increased  steepness  of  the  dips  in  that  direction. 

Newcastle  Colliery,  in  Kelly's  Hollow  (page  203  of  text) — A.  Hexter  &  Co.  (formerly  Fogarty  &  Kelly) — 
situated  in  the  second  basin  N,  of  Mine  HUl,  W.  of  MUl  Creek  Gap. — The  upper-level  workings  (now  abandoned) 
were  begun  by  a  drift  cut  Westward  upon  the  bottom  slate  of  a  great  bed  of  coal  dipping  25°  S.W.  of  the  entrance 
250  feet  :  a  cross-cut  was  made  through  coal  190  feet  to  the  top  slate  ;  the  latter  was  passed  through  by  20 
feet  of  tunnel  to  a  second  bed,  dipping  steeply  S.  These  seams  form  a  sharp  synclinal  basin,  and  rise  again  to 
meet  the  cross-cut  prolonged  to  the  lower  bed,  which  dips  56°  N.  Gang-ways  are  driven  W.  upon  both  sides 
of  the  basin  of  the  lower  coal  and  on  the  S.  dip  of  the  upper.  The  S.  dip  of  the  lower  bed  in  the  main 
gangway  is  pretty  imiform,  whereas  that  of  the  upper  varies  greatly  in  the  same  dii-ection  ;  it  is  very  gentle  500 
W.  of  the  cross-cut,  whereas  1000  feet  W.  it  is  nearly  vertical 

The  new  opening  at  these  mines  is  a  tunnel  cut  N.  30°  W.  from  the  surface  65  feet  below  the  level  of  the 
old  cross-cut.  The  basin  of  the  lower  coal  is  8  feet  above  the  tunnel-level  510  feet  from  the  mouth.  In  diiving 
this  tunnel  an  anticlinal  was  passed  1 60  feet  S.  of  the  axis  of  the  basin.  On  either  side  of  this  arch  three  small 
coal-seams  dip  opposingly  ;  but  a  fourth  seam,  comprising  8  feet  of  coal  and  slate,  overlying  the  smaller  beds  on 
the  S.  dip,  was  not  found  on  the  N.  The  rocks  intervening  between  the  smaller  seams  are  much  thinner  on  the 
N.  than  on  the  S.  side  of  the  anticlinal  axis  ;  whether  there  is  a  simUar  though  far  greater  thinjiing  of  the  strata 
lying  above  and  below  the  8-feet  seam,  so  as  to  cause  that  bed  to  merge  into  the  great  lower  bed  in  the  basin 
with  but  a  thin  division  of  slate,  or  whether  the  8-feet  seam  sweUs  out  into  the  enormous  mass  of  coal  which  is 
wrought  at  the  tunnel,  are  questions  which,  in  the  present  state  of  the  mining,  do  not  admit  of  solution.  Fix)m 
the  tunnel-mouth  it  is  100  yards  S.  to  the  outcrop  of  the  great  seam  dipping  S.  into  the  gangway  of  Repplier's 
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(Lawton's)  Mine.  It  seems  evident,  therefore,  that  we  must  regard  one  or  other  of  the  large  beds  in  the  basin 
as  the  Eepplier  seam,  or  else  suppose  the  Repplier  Bed  the  equivalent  of  both,  exclusive  of  the  addition  of  the 
8-feet  slaty  bed  of  the  tunnel. 

The  long-vexed  question  of  the  existence  of  horizons  of  deposit  of  two  great  White-ash  beds  at  the  base  of 
the  Coal-measures  in  this  part  of  the  coal-field  may,  in  the  future,  be  settled  to  the  satisfaction  of  all  by  the 
further  extension  of  the  mining  at  this  colliery. 

So  far  as  we  have  present  facts,  the  synclinal  axis  in  the  tunnel  seems  to  deepen  Eastwardly. 

Amount  shipped,  in  1857,  2062  tons. 

Patterson  Colliery — Wm.  Littlehales  &  Son — situated  on  the  Slope  of  Broad  Mountain,  half  a  mile  E.  of 
Miller's  Pine-Knot  Slope  Mine. — There  is  a  di-ift  75  feet  above  water-level  on  the  Jugular  Bed,  dipping  45°  S. 
The  main  gangway  is  diiven  E.  500  yards  on  the  bottom  slate  of  the  coal.  The  thickness  of  the  seam  is  exceed- 
ingly variable,  but  the  following  will  represent  its  subdivisions  : — 

Coal,  including  thin  slates,  in  some  places  exceeding  30  feet,  in  others  entirely  absent ;  Slate,  6  feet  9  inches ; 
Coal,  1  foot  6  inches;  Bony  Coal,  8  feet  12  inches  :  (these  divisions  are  at  times  represented  by  3  or  4  feet  of  slate  and 
dirt)  ;  Bottom  Coal,  from  5  to  6  feet. 

About  350  yards  E.  of  the  mine-entrance  the  upper  division  is  separated  from  the  lower  by  the  intercalation 
of  a  stratum  of  conglomerate  rock.  A  branch  gangway  follows  the  great  upper  bed  :  in  working  the  breasts 
upon  this,  the  overlying  slate  is  occasionally  so  thin  as  to  fall,  bringing  with  it  3  feet  of  coal  from  an  upper 
seam.  The  lower  division  of  the  bed  wrought  from  the  main  gangway  does  not  exceed  6  feet  thickness  of  sound 
coal :  it  is  underlaid  by  pebbly  sandstone. 

In  a  drift  on  the  same  level  mined  W.  300  yards,  the  seam  was  quite  regular  ;  no  rock  was  found  in  it, 
and  the  slate  division  does  not  exceed  2  feet. 

Yield,  in  1857,  14,247  tons. 

Pine  Knot  Colliery  (page  204  of  text) — Lessee,  Charles  Miller  (formerly,  Adams  &  Miller) — situated  on 
the  S.  Slope  of  the  Broad  Mountain,  E.  of  West  Branch  Gap  of  Mine  Hill. — The  slope  descends  S.  with  the 
middle  benches  of  the  Mammoth  Coal-bed,  the  bottom  slate  of  which  is  followed  only  through  the  lower  part. 
Length,  120  yards.  Dip  of  coal,  40°.  The  gangways  E.  and  W.  from  the  slope  are  each  upwards  of  a  mile  in 
length.  At  the  foot  of  the  slope  a  tunnel  is  driven  S.  92  feet  to  the  Lelar  Coal,  which  is  from  5  to  7  feet 
thick,  and  is  prolonged  107  feet  to  the  Crosby  Bed,  fi-om  9  to  14  feet  thick.   These  beds  have  not  yet  been  mined. 

A  new  slope  is  sunk  100  yards  from  the  outcrop  to  the  end  of  the  W.  gangway  from  the  old  slope.  The 
inclination  of  the  Mammoth  Bed  at  this  mine  is  44°  S.  Prom  this  slope  a  tunnel  S.,  220  feet  long,  is  cut  to  the 
Crosby  Coal,  passing  through  the  Lelar,  both  dipping  S.  somewhat  more  steeply  than  the  Mammoth.  E.  of  the 
Pine  Knot  Slope  the  Lelar  Coal  is  sometimes  found  separated  from  the  Mammoth  by  so  thin  a  partition  of  slate 
as  to  admit  of  being  mined  at  the  same  time.  The  Mammoth  Seam,  the  normal  thickness  of  which  is  20  feet, 
varies  greatly  in  the  same  direction.  It  has  been  develoj^ed  as  a  mass  of  coal  exceeding  60  feet  iii  thickness  ; 
but  under  these  circumstances,  it  is  shelly,  and  more  or  less  impure.  W.  from  the  Old  Slope  the  coal-seams  are 
more  regular  and  uniform  in  thickness,  and  the  intervening  measures  are  thicker. 

The  yield  of  the  Pine  Knot  Colliery,  in  1856,  was  34,497  tons  ;  in  1857,  22,767  tons. 

Lewis  Dougherty's  Mine  at  the  Mine  Hill  Gap,  and  HiU's  Tunnel,  a  mUe  W.  of  the  gap,  are  both 
abandoned. 

Kears  Mammoth  Colliery  (N.W.  side  of  West  Branch  Gap) — Slope  sunk  on  the  bottom  slate  of  the  Daniel 
or  Mammoth  Seam  120  yards  below  the  surface.  Dip  50°  at  the  top,  increasing  to  80°,  and  decreasing  at  the 
bottom  to  50°.  Gangway  driven  50  yards  E.  and  1600  yards  W.  From  the  foot  of  the  slope  a  tunnel  is  diiven 
37  yards  N.  to  an  8-feet  seam,  dipping  50°  N.  :  upon  this  a  gangway  is  driven  150  yards  W. 

The  Mammoth  or  Daniel  Bed  in  this  mine  averages  fuUy  20  feet  in  thickness.  Except  an  occasional  layer 
of  Bone  coal  or  thin  slate,  there  are  no  impurities  in  the  bed.    It  is  sometimes  as  much  as  30  feet  thick. 

Jugular  Colliery  (page  205  of  text) — John  M'Ginnis — situated  on  the  S.  Side  of  the  Broad  Mountain 
immediately  opposite  Kear's  Slope  on  the  Mammoth  Seam. — The  slope  is  sunk  57  yards  below  water-level  on  the 
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bottom  slate  of  the  Jugular  Seam,  dipjiing  45°  S.  At  the  bottom  of  the  slope  the  coal  was  ouly  a  few  inches 
thick  on  the  E.  side,  but  on  the  W.  side  it  was  4  feet  thick,  and  in  the  gangway  increased  steadily  to  28  feet. 
In  the  breasts  opened  W.  its  tliickness  is  pretty  uniform  ;  but  in  the  gangway  it  is  variable.  The  gangway 
is  driven  W.  275  yards.    The  old  workings  on  the  coal  above  water-level  W.  have  been  on  fire  19  or  20  years. 

The  Jugular  Seam  has  been  worked  E.  on  the  breast  above  water-level  more  than  400  yards.  In  this  drift 
the  bed  sometimes  exceeds  30  feet  in  thickness.  The  tumbling  or  diit-bed  occasionally  approaches  the  Jugular 
so  nearly,  by  the  thinning  of  the  measures,  as  to  fall  into  the  breasts  on  the  latter  bed.  At  water-level  the 
Jugular  is  cut  out  by  rock. 

The  peld  of  the  colliery  in  1857  was  8163  tons. 

Heckscherville  Colliery  (page  207  of  text) — Lessee,  E.  Borda. — The  present  and  former  workings  of  this 
colliery  are  very  extensive.  The  avenues  to  the  coal  embrace  a  water-level  tunnel,  two  slopes  and  two  tunnels 
below  water-level. 

The  water-level  tunnel,  formerly  knowTa  as  Paine's,  penetrates  the  Broad  ^Mountain,  which  it  enters  150  feet 
above  the  level  of  Mine  Hill  Gap,  nearly  ojiposite  Taylor  &  Volpert's*  Colliery.  A  section  of  the  strata  cut  by 
this  tunnel  has  been  already  presented.  The  only  seams  wrought  from  the  tunnel  are  the  Daniel  and  the  Jugular. 
Upon  the  former,  gangways  are  diiven  nearly  2000  yards  W. ;  upon  the  latter,  1 700  yaixls.  A  counter-level 
gangway,  entering  the  Jugidar  Seam  from  a  ravine  half  a  mile  W.  of  the  tmmel,  extracts  the  upper  breast  of  the 
coal  :  it  is  800  yards  long. 

One  himdred  feet  E.  of  the  tunnel  a  slope  is  sunk  on  the  Lelar  Bed,  a  seam  of  unimportant  thickness  next 
overlying  the  Daniel  Coal ;  length  of  slope  below  tunnel  level,  205  yards,  cUj)  45°  S.  at  top,  augmenting  to  50° 
at  bottom.  The  Crosby  Seam,  ranging  12  yards  S.  of  the  Lelar,  is  tunneled  to  from  the  foot  of  the  slope. 
From  the  gangway  on  this  bed,  55  yards  W.  of  the  slope,  a  tunnel  is  diiven  N.  across  the  Lelar  Coal  73  yards 
to  the  Daniel  Seam,  dipping  47°  S.  In  the  opposite  direction  a  tunnel  is  cut  41  yards  to  the  "  New  Vein"  coal, 
dipping  58°  S.,  and  is  jirolonged  53  yards  to  the  Church  Seam,  dipping  60°  S.  W.  of  this  tunnel,  42  yards  from 
the  Church  Bed,  a  cross  way  is  cut  10  yards  S.  to  communicate  with  a  vertical  shaft  sunk  40  yards  from  the 
surface.  This  shaft  is  designed  to  drain  the  constantly-extending  undergi-oimd  gangways  of  the  mine :  it  is 
fitted  with  a  variety  of  the  Cornish  "  Bull"  Engine,  and  two  pumps  designed  to  lift  326  gallons  of  water  per 
stroke. 

In  sinking  the  shaft  a  small  seam,  commonly  called  the  Red-ash  Bed,  was  cut.  From  this  shaft  a  timnel  was 
driven  S.  to  cut  this  seam  ;  but,  contrary  to  expectation,  the  dips  of  the  measures  changed  30  feet  S.  of  the  shaft, 
and  the  coal  which  basins  at  a  higher  level  was  not  struck.  The  opposing  dips  amount  to  45°  on  either  side  of 
the  synclinal.  The  presence  of  this  synclinal  about  300  yards  N.  of  the  outcrop  of  the  same  measures  on  the 
S.  side  of  the  valley  bordering  Mine  Hill,  has  raised  the  question  whether  the  anticlinal  of  Peaked  ]\Iountain, 
the  topographical  indications  of  which  expire  three-fomths  of  a  mile  to  the  W.,  will  not  materially  influence  the 
simplicity  of  the  general  basin,  and  in  the  future  affect  the  deep  workings  of  the  lower  coals.  Looking  to  the 
steepness  of  the  N.  dip  of  the  strata  and  the  known  persistency  of  great  anticlinal  flexures  in  the  strata  after 
their  effects  ai'e  topographically  lost,  we  can  hardly  hesitate  to  infer  that  the  anticlinal  of  Peaked  Moimtain 
has  not  entirely  subsided  on  the  cross  section  at  HeckscherviUe. 

From  the  North  and  South  Tunnel,  akeady  described,  cutting  all  the  strata  from  the  Church  down  to  the 
Daniel  seam,  the  Crosby  and  Daniel  coal-beds  are  mined  2000  yards  W.  At  the  end  or  face  of  the  gangway 
the  Daniel  Coal  measm-es  15  feet  in  thickness,  including  a  band  of  slate  2  feet  thick  ranging  through  the  bed 
8  feet  from  the  bottom  :  above  this  slate  the  coal  is  often  dirty  and  impure.    The  slate  is  not  always  present. 

The  Crosby  Seam  is  very  faulty  W.,  but  little  coal  is  now  taken  from  it.  The  "New  Vein"  is  a  double  bed, 
having  6  feet  of  coal  overlaid  by  4  feet  of  slate,  which  in  turn  supports  4  feet  of  coal.  The  gang-way  upon  it  is  a 
fourth  of  a  mile  long.  The  Church  Seam  is  12  feet  tliick  where  it  was  struck  by  the  tunnel ;  but  50  feet  E.  it 
is  only  3  feet  thick  at  the  floor  of  the  gangway,  and  two  dips  appear  in  the  bed.  Near  the  cross-cut  to  the  shaft 
there  is  but  little  coal  in  the  seam  ;  the  entire  thickness  is  replaced  by  slaty  coal  and  slate. 

For  facility  in  gaining  access  to  the  mine,  a  slope  is  established  on  the  Crosby  Seam,  about  125  yards  W. 
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of  the  old  slope.  Seventy  yards  W.  of  the  New  Slope  from  the  Crosby  Seam  gangway,  a  tunnel  is  cut  S.  to  the 
New  Vein,  and  N.  to  the  Jugular  Seam.  The  strata  cut  in  this  tunnel,  with  the  intervals  between  the  coals, 
agree  almost  precisely  with  those  at  the  water-level  tunnel  (Paine's),  except  in  the  measures  between  the  Jugular 
and  the  big  overlying  Dirt-bed.  This  bed  is  greatly  expanded;  but  the  rock  beneath  is  proportionally  diminished 
in  thickness.  The  Jugular  Seam  is  24  feet  thick  at  the  end  of  the  tunnel.  It  is  but  newly  opened  to  mining  at 
this  level,  and  no  coal  has  been  taken  from  it.  Shipments,  in  1857  :  from  Old  Breaker,  six  weeks'  work,  5049 
tons  ;  from  New  Breaker,  nine  and  a  half  months'  work,  61,538  tons.  Estimate  aggregate  capacity  for  1858, 
140,000  tons. 

Pumping  Engine. — Allusion  is  made  in  the  foregoing  description  of  the  Heckscherville  Colliery  to  the 
powerful  pumping-engine  designed  to  lift  the  water  from  this  and  such  of  the  neighbouring  mines  as  may  com- 
municate with  it.  We  append  a  more  precise  description,  furnished  by  Mr  Harrison,  who  supervised  its  con- 
struction in  the  shop  of  George  W.  Snyder,  of  Pottsville. 

The  steam- cylinder  stands  vertically  upon  its  bed-plate,  which  rests  on  massive  stone  abutments.  The 
diameter  is  50  inches,  and  stroke  of  piston  10  feet.  The  action  is  direct  upon  two  pumps,  each  20  inches  in 
diameter  and  10  feet  in  the  stroke.  The  delivery-pipes  are  each  100  feet  high,  and  20  inches  in  diameter,  lined 
with  wood,  and  supplied  with  valves  of  a  kind  of  bell-metal,  which  will  resist  the  corrosive  waters  of  the  mine. 
The  entire  weight  of  metal  in  the  structure  is  said  to  be  1 60  tons. 

Three  smaller  engines  of  a  similar  description  are  at  work  in  the  coal  region ;  one  at  Thomaston  Shaft, 
another  at  Monterey  (Graham's)  Shaft,  and  the  third  at  the  Otto  Shaft. 

Taylor  and  Volpert's  Colliery — situated  on  the  N.  Side  of  Mine  Hill,  1  mile  W.  and  185  feet  above  the 
water-level  of  West  Branch  Gap. — A  tunnel  enters  S.  into  Mine  Hill,  43  yards  to  the  Daniel  or  Mammoth  Seam, 
upon  which  a  gangway  is  wrought  7G0  yards.  W.  of  the  tunnel  340  yards,  a  tunnel  is  driven  20  yards  S.  to  a 
small  seam  under  the  Daniel.  It  is  not  pure,  and  is  worked  but  little.  In  the  main  gangway  at  this  tunnel  an 
engine  was  placed,  and  a  slope  sunk  100  yards  ;  from  this,  gangways  are  driven  220  yards  E.  and  180  yards  W. 
The  accidental  ignition  of  the  coal  in  the  mine  by  fire  from  the  boilers,  has  caused  the  abandonment  of  this  portion 
of  the  mine. 

A  new  slope,  100  yards  long,  is  now  being  sunk  at  the  back  end  of  this  main  tunnel.    In  this  mine  the 
Daniel  Seam  is  from  7  to  8  feet  in  thickness,  except  in  one  part  of  the  W.  gangway,  where  it  is  thicker. 
The  .shipments,  in  1857,  amounted  to  12,596  tons. 

Thomaston  Colliery  (page  207  of  text) — R.  Heckscher  &  Co.  (Forest  Imperial  Company's  Lands). — The 
Thomaston  Tunnel  is  situated  150  feet  above  the  level  of  Mine  Hill  Gap,  and  760  yards  W.  of  Taylor  and 
Volpert's.  It  enters  from  the  surface  about  20  yards  S.  of  the  crop  of  the  Crosby  Seam,  and  from  the  mouth 
timber  is  driven  122  yards  S.  to  the  Daniel  Seam  dipping  38°  S.  The  Lelar,  dipping  51°  S.,  is  passed  in  the 
tunnel  88  yards  N.  of  the  Daniel.  The  latter  bed  is  wrought  2200  yards  W.  ;  the  dip  augments  W.  to  46°. 
Two  short  tunnels  are  cut  S.  from  the  gangway  of  the  Daniel  to  a  small  underlying  seam,  which  is  worked  about 
800  yards. 

The  thickness  of  the  Daniel  Seam  varies  between  8  and  15  feet.    It  yields  from  5  to  10  feet  of  marketable 

coal. 

North  of  the  tunnel  mouth,  213  feet,  a  vertical  shaft  is  sunk  230  feet  to  the  Crosby  Seam  dipping  47°  N. 
Upon  this  seam  gangways  are  opened  160  yards  E.  and  370  yards  W.  The  breasts  on  the  coal  are  100  yards 
long.    The  Crosby  Seam  is  13  feet  thick  :  thus  far  it  has  proved  rather  shelly  and  impure. 

The  shipments  from  the  Thomaston  Colliery,  in  1857,  amounted  to  41,443  tons,  working  eleven  months. 
Capacity  for  1858  estimated  at  75,000  tons. 

From  the  above  reliable  facts  concerning  the  Thomaston  Tunnel,  it  will  at  once  appear  how  greatly  we  were 
misinformed  in  our  notes  upon  the  same  colliery,  printed  on  page  207  of  the  text.  The  distance  to  which  the 
Daniel  Seam  has  been  mined  W.  of  the  Tunnel  destroys  the  probability  of  the  once  prevailing  conviction, 
expressed  on  page  211,  of  the  shallowness  of  the  S.W.  Branch  of  the  Mine  Hill  Basin. 

Glen  Carbon  Colliery  (page  208  of  text) — Lessees,  M'Farland  and  Werner. — We  have  already  presented, 
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on  page  208,  some  account  of  this  colliery,  procured  in  1852 ;  we  have  now  more  accurate  data,  derived  from  mine 
surveys  obligingly  furnished  by  Mr  C.  M.  HUl. 

A  tunnel  200  feet  long  enters  N.  into  the  Broad  Mountain  to  the  "  Dirt  Vein,"  or  a  mixture  of  coal  and  slate, 
corresponding  in  position  to  the  Lelar  or  Slope  Vein  of  Heckscherville.  This  was  followed  200  feet  W.,  and  the 
South-dipping  strata  lying  beneath  are  passed  through  by  a  tunnel  196  feet  long  to  the  "  North  Vein,"  which  is  to 
be  regarded  as  a  subdivision  of  the  Daniel.  In  this  tunnel  several  coals  were  cut  as  follows,  with  the  intervals  : — 
From  the  "  Dirt  Vein,"  62  feet  to  a  coal  2  feet  thick,  S.  cHp  38° ;  60  feet  to  a  coal  2  feet  8  inches  thick  ;  and  33 
feet  to  the  Daniel  or  Mammoth  Bed,  of  which  the  thickness  averages  about  9  feet,  including  two  thin  seams  of 
slate.  This  bed  dips  45°  S.  at  the  tunnel,  but  steepens  W.  to  70°.  The  North  Bed  contains  5  feet  of  hard  coal : 
it  dips  42°  S.,  steepening  W.  to  52°.  At  the  tunnel  this  seam  is  separated  from  tlie  Daniel  by  40  feet  of  strata 
In  the  gangway  upon  the  latter,  3600  feet  W.  of  the  tunnel,  this  thickness  has  dwindled  to  2  feet,  and  the  two 
seams  have  been  mined  together.    The  gang-way  upon  the  Daniel  Bed  is  4000  feet  long. 

The  gangway  upon  the  North  Coal  is  diiven  W.  1250  feet  to  a  third  tunnel  cut  N.  273  feet,  through  four 
small  beds  corresponding  with  those  in  Heckscherville  Tunnel,  to  the  top  of  the  "  Tumbling  Vein,"  dipping  S. 
40°,  from  which  it  is  85  feet  to  the  top  of  the  underlying  "Jugular  Vein."  The  latter  seam  is  in  confusion  at  the 
end  of  the  tunnel,  owing  apparently  to  the  conflicting  dips  of  a  small  saddle  and  basin  which  appear  to  end  at  this 
point.  At  its  crop  above  the  tunnel,  the  Jugular  Seam  has  resumed  its  natural  condition,  and  dips  about 
45°  S. 

The  "  Crosby  Vein,"  lying  250  feet  S.  of  the  Daniel,  is  entered  by  a  tunnel  crossing  the  strata  obliquely  from 
the  "  Dirt  Vein,"  and  is  mined  W.  3500  feet,  when  it  is  pinched  out.  Upon  this  seam  a  slope  was  recently  simk 
80  yards  below  the  tunnel-level  on  the  bottom  slate,  dip  55°  at  top,  and  62°  at  bottom,  and  gangways  are  now 
working  from  this  slope  500  yards  W.  and  160  yards  E.  The  Daniel  Bed  is  also  cut  on  this  lower  level  in  a 
tunnel  driven  back  78  yards  to  it  from  the  gangway,  35  yards  W.  of  the  slope.  At  the  same  distance  E.  of  the 
slope  a  tunnel  is  cut  23  yards  S.  to  a  coal-seam  3  feet  tliick  :  it  is  not  wrought.  The  Crosby  is  here  developed  as 
a  fine  bed  of  coal,  ranging  from  1 6  to  20  feet  in  thickness  :  a  slate  sometimes  appeal's  under  the  top  bench,  but 
it  is  otherwise  quite  free  from  impurities. 

This  colliery  yielded,  in  1856,  19,249  tons ;  in  1857,  20,908  tons. 

Peaked  Mountain  Colliery  (page  208  of  text) — Lessees,  Steel  and  Patterson  (formerly  Oliver). — A  shaft  is 
sunk  81  feet,  from  the  bottom  of  which  a  tvinnel  is  driven  S.  under  the  Peaked  JNIountaLu.  It  cuts  four  seams 
of  coal  at  Lutervals,  as  follows : — 52  feet  to  11  feet  bed,  N.  dip  50° ;  149  feet  to  12  feet  coal-dirt  and  coal, 
N.  dip  51° ;  147  feet  to  Crosby  Vein,  11  feet  thick,  N.  dip  53° ;  and  360  feet  to  the  Daniel  Bed,  13  feet  thick.  Gang- 
ways are  worked  E.  and  W.  upon  each  of  these  seams.  The  E.  gangway  upon  the  Daniel  Bed  deflects  S.  around  the 
declining  arch  of  the  Peaked  Mountain  anticlinal ;  the  breasts  from  the  gangway  level  extend  to  the  crest  of  the 
saddle  over  which  the  coal  arches  into  a  S.  dip.  The  old  water-level  tunnel  leading  S.  to  the  Crosby  Vein  is 
now  abandoned.    The  shaft  is  to  be  extended  downward  228  feet,  to  secure  another  breast  upon  the  coaL 

Yield  of  this  nunc,  in  1856,  28,745  tons ;  in  1857,  29,410  tons. 

J.  F.  Taylors  Colliery  (formerly  Taylor  and  Atwood's) — half  a  mile  E.  of  Monterey,  head-waters  of  West 
Branch. — Two  water-level  gangways  or  drifts  have  been  pursued  W.  somewhat  over  a  fourth  of  a  mile.  The 
seams  wrought  are  not  positively  identified  ;  one  of  them  is  in  aU  probability  the  Daniel,  the  other  the  Crosby. 
Dip  in  both  cases  from  45°  to  53°  S. 

On  the  S.  Drift  Coal  or  Crosby  (?)  Seam  a  slope  was  recently  sunk  83  yards  below  water-level  on  a  dip  of 
48°  S.    This  bed  is  stated  to  be  8  feet  6  inches  thick.    The  Daniel,  a  slaty  and  bony  bed,  is  9  feet  thick. 

This  colliery  shipped  no  coal  in  1857. 

Sclwllenherger  s  Olendower  Colliery  (situated  on  the  N.  Side  of  Peaked  Mountain,  S.E.  of  Taylor's). — At 
water-level,  a  tunnel  driven  Southward  37  yards  penetrates  the  Crosby  Seam,  dipping  45°  or  50°  N.  The  gang- 
way is  driven  650  yards  Westward.    Breasts  from  25  to  30  yards  long. 

Monterey  Colliery — Agent,  H.  H.  Dunn  (formerly  J.  S.  Graham).— This  colliery  is  situated  neai-  the 
W.  end  of  the  coal-basin,  which  ranges  at  the  S.  base  of  the  Broad  Mountain.    A  slope  is  sunk  on  the  N.  side 
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of  the  basin  upon  a  seam  which  corresponds  in  position  to  the  "  New  Vein  "  of  Heckscherville.  Length  of  slope, 
65  yards  ;  dip,  62''.  The  gangway  E.  is  diiven  600  yards,  and  that  W.  500  yards.  In  the  latter  direction  the 
gangway  deflects  Southward  round  the  rising  basin  of  the  coal.    The  bed  is  10  feet  thick. 

From  the  foot  of  the  slope  a  tunnel  runs  45  yards  S.  to  the  Church  Seam,  5  or  6  feet  thick.  The  gangway  is 
driven  50  yards  E.  and  100  yards  W.  ;  but  the  coal  proves  shelly  and  poor.  A  tunnel,  50  yards  long,  is  driven 
N.  from  the  gangway  5  yards  E.  of  the  slope  to  the  Crosby  Seam.  This  coal  is  14  feet  thick,  and  free  from 
slate.  Gangway,  600  yards  E.,  and  the  same  distance  W.  This  gangway  also  is  affected  by  the  rising  basin. 
Dip  at  end  of  basin  10°  E.  At  this  point  the  coal  is  somewhat  shelly  and  crushed.  The  breasts  are  upwards  of 
200  yards  long.  From  the  Crosby  Seam,  60  yards  E.  of  the  entering  tunnel,  a  tunnel  is  driven  87  yards  N., 
passing  thi-ee  very  small  seams  to  the  Darnel  Bed,  which  is  characterised  by  the  same  finely-laminated  slate  which 
overlies  the  bed  at  Heckscherville,  and  elsewhere  to  the  Eastward.  The  seam  is  8  feet  thick,  including  7  feet  of 
coal.    The  gang-way  E.  upon  it  is  60  yards  long. 

Shipments  of  coal  in  1857,  27,570  tons. 

Gi^eenwood  Colliery  (Reed  Improvement  Lands) — situated  on  the  S.  Side  of  Peaked  Mountain,  S.W.  of 
SchoUenberger's. — A  tunnel,  at  water-level,  is  driven  N.  37  yards  to  a  coal-seam  dipping  45°  S.  The  subdivi- 
sions of  the  bed  are  as  follows  : — 

Bone  Coal  and  Slate,  4  to  10  inches ;  Coal,  1  foot  6  inches  to  2  feet ;  Coal,  4  feet  6  inches  to  5  feet ;  Coal  and 
Slate,  1  foot  6  inches  to  3  feet. 

The  tunnel,  prolonged,  cuts  through  a  seam  4  feet  thick,  separated  from  the  preceding  by  6  feet  of  slate,  and, 
passing  a  leader  65  yards  from  the  mine-mouth,  is  extended  to  a  seam  of  rough  coal  80  yards  from  the  entrance. 
The  last  coal  dips  37°  S.  The  gangway  on  the  main  coal  is  driven  170  yards  E.  and  540  yards  W.  The  dip 
decUnes  Westward  to  35°.  We  have  no  data  guiding  us  to  a  certain  determination  of  the  equivalency  of  this 
seam,  or  whether  it  is  higher  in  the  strata,  and  how  much  higher,  than  that  wrought  at  Rohrer's  Colliery  farther 
W.    The  tunnel  is  now  being  prolonged,  in  the  expectation  of  cutting  lower  valuable  seams. 

No  coal  shipped  in  1857. 

W.  Rohrer's  Colliery  (page  209  of  text) — situated  at  the  W.  End  of  Peaked  Mountain. — A  slope  is  sunk 
110  yards  below  water-level  on  a  seam  of  coal  dipping  S.  40°  at  the  outcrop,  and  70°  at  the  foot  of  the  slope.  Tlie 
exact  position  of  the  bed  in  the  series,  and  its  equivalent  elsewhere,  has  not  been  determined,  but  it  is  evidently 
quite  low.    The  usual  subdivisions  of  the  bed  are  stated  as  follows  : — 

Coal,  3  feet ;  Slate,  1  foot ;  Coal,  5  feet;  Slate  and  dirt,  10  inches  ;  Coal,  3  feet ;  Slate,  1  foot  6  inches  ;  Coal,  rough, 
4  feet. 

From  the  slope  a  gangway  is  driven  400  yards  Eastward  ;  at  the  face  the  dip  is  30°  S.,  and  the  breast,  to 
water-level,  upwards  of  140  yards.  A  roU  in  the  coal  causes  an  E.  dip,  along  which  an  old  water-level  gang- 
way sweeps  N.  for  some  distance,  but  has  not  affected  the  lower  level. 

The  gangway  driven  50  yards  W.  struck  the  basin  of  the  coal  rising  Westward.  Higher  on  the  breast  a 
counter-level  is  driven  on  a  small  anticlinal  roU,  which  seems  to  expire  Eastward,  as  it  was  not  discovered  in  the 
slope.  The  rising  of  the  basin  alluded  to  causes  the  gangway  to  swing  round  into  a  N.  dip,  which,  40  yards  E., 
changes  to  E.  dip,  and  finally  into  S.  This  saddle  thus  developed,  expiring  Eastward,  affects  the  gangway  in  the 
usual  manner  ;  the  joint  result  of  the  rising  basin  and  drooping  saddle  being  a  sigmoid  curvature  of  the  gang- 
way. Ranging  Westward,  the  anticlinal  must  pass  along  the  S.  side  of  Buck  Ridge,  but  it  has  not  been 
traced.  On  its  flank  the  coal  in  the  gangway  is  finally  cut  out,  except  the  lower  bench,  which  is  nowhere  of 
suSiciently  good  quality  to  be  profitably  mined,  and  the  level  is  abandoned.  We  have  no  information  of  the 
distance  to  which  it  was  driven  before  this  fault  appeared. 

In  1857,  15,098  tons  were  shipped  from  the  mine. 
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BROAD-TOP  COAL-FIELD. 

The  next  district  which  claims  our  attention,  in  a  systematic  description  of  the  coal-fields  of 
Pennsylvania,  is  the  Broad-Top  Mountain  in  Huntingdon  and  Bedford  counties.  The  general 
structural  features  of  this  insulated  table-land  have  been  already  noticed  in  Chapter  I.  of  Division 
III.  of  Book  VI.,  and  again  in  Chapter  V.  of  Division  IV.  of  Book  VI.,  where  mention  has  also 
been  made  of  its  Vespertine  and  Umbral  rocks,  or  its  Lower  and  Middle  Carboniferous  forma- 
tions. I  have  abeady  shown,  at  Page  361,  Vol.  I.,  that  this  outlying  coal-field  occupies  a  midway 
position  in  the  mouutain-chain,  in  the  same  long  synclinal  belt  which  in  the  North-eastern 
corner  of  the  State  embraces  the  third  or  Northern  Anthracite  Basin.  While  its  geographical  rela- 
tions link  it  thus  with  the  Anthracite  coal-fields,  its  geological  analogies,  especially  the  chemical 
composition  of  its  coal,  associate  it  rather  \^ith  the  great  Bituminous  Coal-region  N.W.  of  the 
Alleghany  Mountain,  of  which  we  may  regard  it  as  an  outlier,  as  indeed  we  must,  in  strict 
sense,  the  Anthracite  Basins  themselves.  Considerations  of  convenience  induce  me  to  describe 
this  district  in  Book  VIII.,  notwithstanding  that  aU  the  coal  included  in  it  belongs  to  the  semi- 
bituminous  variety.  Such  an  arrangement  is  justifiable  even  on  strictly  geological  grounds;  for  as 
the  Coal-measures  of  the  Broad-Top  Mountain,  and  the  coal  itself,  are  intermediate  in  type 
between  those  of  the  Anthracite  and  those  of  the  Bituminous  coal  regions,  they  should  occupy 
an  intermediate  place  in  any  methodical  account  of  the  formation.  Their  deviation  from  the 
Bituminous  Coal-measures  is  due  to  the  same  causes  which  have  made  the  strata  of  the  Anthra- 
cite fields  to  depart  still  more  widely,  namely,  the  same  originally  greater  amount  of  shore 
action,  and  the  same  subsequently-exercised  metamorphic  agency,  altering  or  de-bituminising 
the  coal  of  the  whole  mountain-zone.  Classified  in  accordance  with  the  chemical  nature  of  its 
coal,  this  coal-field  relates  itself  quite  as  closely  to  the  Eastern  Anthracite  basins  as  to  the 
Western  Bituminous  ones.  In  the  description  it  was  shown  that  the  coal  of  the  AVestern  extre- 
mities of  the  Southern  and  Middle  Anthracite  fields  graduates  from  Anthracite  into  a  dry  semi- 
bituminous  coal  as  we  approach  the  Susquehanna,  so  that  even  there  there  is  an  approximation 
to  the  composition  typical  of  the  Broad-Top  Field.  In  general  terms,  the  proportion  of  volatile 
matter  in  this  insulated  coal-field  does  not  exceed  by  more  than  a  few  per  cent  that  of  the  coal 
in  the  Western  end  of  the  Dauphin  Basin,  while  it  falls  short  by  a  rather  larger  ratio  that  of 
the  basins  next  W.  of  the  Alleghany  Mountain. 

Boundaries  of  the  Broad- Top  Coal-field. — The  detached  coal-basin  of  the  Broad-Top 
Mountain  is  situated  centrally  in  the  long  synclinal  trough  of  the  Older  and  ^liddle  Carbonifer- 
ous Formations  of  the  Fourth  Belt  of  the  Sixth  District,  described  at  page  528,  Vol.  I.  The 
plateau  of  the  productive  coal-rocks  is  everywhere  margined  by  the  Serai  Conglomerate,  itself 
merely  an  underlying  comparatively  barren  division  of  the  Coal-measures.  To  the  N.  of  this 
plateau  lies  Plank  Cabin  Valley,  scooped  in  the  softer  Umbral  Eed  Shale  ;  to  the  W.  of  it  stretches 
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a  deep  narrow  valley  cut  in  the  same  formation,  and  bounded  Westward  by  Terrace  Mountain  ; 
to  the  Eastward  is  a  similar  narrow  valley  bounded  Eastward  by  Sideling  Hill  ;  and  to  the  S.  a 
more  irregular  Red-shale  valley,  confined  by  Harbour  Mountain,  and  called  Well's  Valley.  Into 
Plank  Cabin  Valley  and  Well's  Valley  the  Broad-Top  Mountain  projects  a  series  of  synclinal 
knobs  or  finger-like  spurs,  each  of  them  marking  the  termination  of  a  subordinate  trough,  or  a 
sub-basin  of  the  Coal-measures. 

Area  of  Coal. — It  is  not  practicable  in  the  present  imperfectly  developed  state  of  this  Coal- 
field to  estimate  the  area  of  its  Coal-measures  with  exactness.  My  calculations  indicate  about 
25  square  miles. 

Let  us  now  proceed  to  a  detailed  description  of  the  structure  and  contents  of  the  Coal-field.* 
The  Serai  Conglomerate  in  the  Broad-Top  Coal-field  is  to  be  regarded  simply  as  the  oldest  or 
lowest  of  the  sandstones  of  the  Coal-measures.  It  is  imperfectly  exposed  for  measurement  at  tbe 
S.  side.  Beneath  Savage's  or  Norris's  Coal-bed,  on  Rocky  Ridge,  and  Stambaugh's  in  North 
Wray's  Hill,  it  would  appear  to  be  less  than  150  feet  in  thickness.  It  is  finely  exposed  for  50 
feet  above  the  alternating  sandstones  and  shales  of  the  Umbral  and  Serai  strata  in  the  Raven 
Rocks,  2^  miles  S.  of  De  Forrest's,  at  the  gorge  of  Trough  Creek.  At  this  point  hard  and  massive 
coarse-grained  grey  and  greyish-white  beds,  tinged  greenish,  buff  and  brown,  and  from  2  to  4  feet 
thick,  alternate  with  thin-bedded  grey  and  brownish  beds  of  sandstone,  with  a  few  seams  of  black 
shale  full  of  vegetable  impressions. 

The  upper  members  of  the  Serai  Conglomerate  are  well  exposed  on  Rocky  Ridge  at  Savage's 
and  Taylor's  old  openings  on  the 
lowest  coal.  Here  a  characteristic 
stratum,  usually  the  floor  of  this 
coal-bed,  a  fine  -  grained  massive 
sandstone,  sparkling  with  mica,  dips 
30°  S.  70°  E.  This  rock  is  traceable 
by  its  angular  fragments  on  the  sides . 

of  Rocky  Ridge,  and  on  the  opposite  Fig.  31  4. —Topographical  sketch,  Shirley's  Knob,  Broad-Top  Mountain. 

summit  1^  miles  S.  of  Savage's,  dipping  35°  W.  Beneath  it  is  found  a  coarse  brown  micaceous 
obliquely-  bedded  sandstone  7  feet  thick,  reposing  on  massive  white  sandstone,  made  up  of 
granules  of  milky  quartz.  Farther  S.  it  becomes  a  fine  white  conglomerate.  The  same  stratum 
appears  on  Round  Top,  near  the  Trough  Creek  Furnace,  but  not  on  the  higher  summit  of  Round 
Knob,  near  M'^Lean's. 

North  Wray's  Hill,  at  first  a  succession  of  short  low  knobs,  along  the  E.  side  of  Shirley's 
Knob  and  Rocky  Ridge,  becomes  a  ridge  3  miles  S.  of  Cassville.  It  increases  in  height  and 
breadth  of  summit  S.,  and  exhibits  two  crests,  the  Easternmost  of  which  is  cut  by  a  deep  wide  gap, 
and  is  traversed  by  a  feeble  anticlinal  roll,  which  flattens  away  at  Deever's.  The  W.  summit 
widens  rapidly,  and  is  soon  capped  by  the  undulating  strata  of  the  Serai  conglomerate,  over  the 
surface  of  which  spread  the  "  Barrens."  It  is  upon  these  that  the  lowest  coal-bed — that  opened  by 
Stambaugh — appears.  The  conglomerate,  estimating  its  thickness  from  the  dip,  cannot  exceed  1 50 

*  Many  of  the  observations  embodied  in  this  description  were  made  prior  to  the  year  1845,  but  the  text  then  pre- 
pared for  publication  has  been  recently  re-written,  with  numerous  corrections  and  additions,  after  a  careful  study  of  the 
whole  ground,  as  lately  as  1857. 
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feet  ;  nor  does  it  exhibit  a  massive  or  conglomeritic  aspect  in  all  places.  In  the  ravine  between 
the  two  summits  of  Wray's  Hill,  massive  fragments  of  fine  white-grained  conglomeritic  sand- 
stone are  abundant.  Thi-ee  and  a  half  miles  S.  of  Stambaugh's  openings  upon  the  level  surface 
of  the  hill,  M'Lean's  Coal-bed  lies  closely  upon  the  conglomerate,  and  is  capped  by  a  knoll  or 
dome-shaped  hill  of  sandstone. 

The  E.  brow  of  Wray's  Hill  is  begirt  with  clifis  of  conglomeritic  white  sandstone  from  30  to 
50  feet  in  height.  The  floor  of  Well's  Valley  below  is  strewn  with  fragments  of  heavy  conglo- 
merate, the  pebbles  of  which  are  as  large  as  the  egg  of  a  goose.  Although  these  blocks  have  doubt- 
less come  from  some  of  the  neighbouring  summits,  the  rock  from  which  they  were  derived  was 
not  found  in  place. 

Eeturning  now  to  the  N.  margin  of  the  high  land,  we  find  six  spurs  projecting  N.  into  Plank 
Cabin  Valley.  Each  of  these  contains  a  shallow  synclinal  basin  ranging  S.  into  the  Broad-Top 
plateau.  A  careful  examination  of  these  basins  has  led  to  the  conclusion,  that  even  the  lowest 
coal-bed  has  been  swept  from  all  of  them,  except  the  second  or  that  called  Rocky  Ridge,  in  which 
it  has  been  preserved  from  denudation  for  half  a  mile  to  the  N.  of  Savage's  openings  ;  but  it 
certainly  does  not  reach  Trough  Creek  Gap,  nor  reappear  on  Shirley's  Knob.  Shirley's  Knob  is 
a  monoclinal  ridge  of  West-dipping  rocks,  belonging  to  a  basin  of  which  the  W.  side  has  been 
swept  away.  The  highest  stratum  is  a  conglomerate,  dipping  55°  W.  It  therefore  contains  no 
coal.  For  a  like  reason  no  coal  is  thought  to  exist  on  the  Round  Knob,  the  Grave  Mountain, 
the  two  W.  spurs  of  the  Broad  Top,  nor  on  the  hill  called  Round  Top. 

The  width  of  the  syncHnal  basin  of  Rocky  Ridge,  from  the  E.  to  the  W.  outcrop  of  the  sand- 
stone stratum  which  supports  the  lowest  coal-bed  at  Savage's  old  mines,  is  not  more  than  400 
yards.  The  dip  on  the  E.  side  of  the  basin  is  60°  N.  60°  W.  Opposite  Taylor's  mines,  one  and  a 
half  miles  further  S.  W.,  the  synclinal  of  the  coal  is  broader,  and  the  dips  gentler,  but  the  W.  dip 
still  remains  the  steeper  of  the  two.  A  short  distance  N.  of  the  Raven  Rocks,  where  Rock}^  Ridge 
is  broken  oS"  from  the  Broad-Top  plateau,  the  breadth  of  the  basin  is  about  300  yards  ;  but  the  W. 
dip  is  almost  horizontal,  and  the  E.  dip  as  steep  as  50°.  This  change  is  owing  to  denudation, 
which  has  cut  away  the  E.  side  of  the  basin  nearly  to  its  centre.  The  coal  may  be  opened  any- 
where along  the  ridge  on  both  outcrops,  but  is  probably  of  impaired  quality,  except  where  the  dips 
are  at  a  high  angle. 

Savage's  openings  are  adjacent  to  the  W.  summit  of  Rocky  Ridge,  about  three-fourths  of  a 
mile  S.W.  of  the  gap  occupied  by  Trough  Creek.  The  coal  at  the  mine  dips  sometimes  S.,  though 
more  frequently  S.  25°  E.,  at  an  average  angle  of  12°  or  14°.  It  is  about  4  feet  thick,  of 
excellent  quality,  and  convertible  into  a  good  coke.  Numerous  obliquely  transverse  joints  divide 
it  into  rhomboidal  fragments.  The  seam  is  overlaid,  and  also  supported,  by  solid  layers  of  dark 
fine  clay,  each  about  six  inches  thick,  which,  by  exposure,  are  converted  into  a  plastic  clay. 
Above  the  coal  are  40  feet  of  dark  slate,  with  a  few  bands  of  sandstone.  A  compact  shale,  used 
for  whetstones,  is  also  found,  both  above  and  below  the  coal.  Soft  yellow  ii"on-ore,  with  layers 
of  a  hard  chestnut  brown  variety,  is  found  deposited  around  the  Spa  Spring  near  Savage's. 

Taylor's  openings  are  said  to  have  yielded  4  feet  of  coal.  Loose  masses  of  a  lean  ore  are  found 
on  the  surface  near  by.  The  synclinal  basin  of  Wray's  Hill  has  a  width,  between  the  two 
summits,  of  700  yards,  from  a  point  a  little  N,  of  Stambaugh's  openings.  The  E.  dips  are  30°, 
and  the  W,  dip  25°  or  more.    Within  this  basin  observations  upon  the  Serai  conglomerate  lead 
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to  the  inference  that  one,  if  not  two,  gentle  anticlinal  elevations  exist.  Coal-openings  have  been 
made  across  this  shallow  basin  ;  but  the  bed,  although  about  6  feet  thick,  has  too  light  a  covering 
of  rock  to  be  hard  and  good  :  it  is  undoubtedly  the  lowest  bed  of  the  series.  M'^Lean's  opening 
is  said  to  have  yielded  4  feet  of  light  and  very  inflammable  coal.  The  bed  is  divided  by  3  inches 
of  slate.  Its  outcrop  is  traceable  all  round  the  base  of  the  knoll  which  rises  from  the  barren 
plain,  here  more  than  a  mile  in  breadth.  The  coal  rests  on  slate,  and  its  roof  is  sandstone.  The 
platform  of  the  Barrens  seems  to  be  a  grey  conglomerate,  probably  the  upper  bed  of  the  Serai 
conglomerate. 

A  very  gentle  descent  for  two  miles,  from  ^PLean's,  leads  W.  down  into  the  valley  of  Trough 
Creek,  and  to  Alloway's  .or  Houck's  old  opening  upon  its  W.  bank,  near  the  Fort  Littleton  Road. 
The  coal,  which  dips  6°  N.  60°  E.  averages  4  feet  in  thickness,  one  foot  of  which,  in  the  middle  is 
black  slate.  It  is  overlaid  by  slate.  The  bed  contains  more  sulphuret  of  iron,  and  is  more  slaty, 
than  that  at  Savage's,  with  which,  and  M'^Lean's,  it  is  probably  identical.  The  same  fine-grained 
cherty -looking  stratum,  3  feet  thick,  observed  above  Savage's  coal,  is  seen  above  Alloway's  Bed. 

At  the  S.  end  of  this  basin,  on  the  head-waters  of  Trough  Creek,  are  Ludwig  Fisher's 
openings  upon  a  bed  2^  feet  thick,  capped  by  slate  passing  into  sandstone  4  feet  thick,  above 
which,  at  the  surface,  is  another  coal-bed  2  feet  thick.  About  one  mile  E.  of  this,  and  high  on 
Wray's  Hill,  a  coal  has  been  opened  by  Mr  Edwards.  This  bed  is  said  to  be  5  feet  thick,  includ- 
ing a  band  of  slate  8  or  10  inches  thick,  18  inches  from  the  bottom.    The  dip  is  Westward. 

For  want  of  a  detailed  map  we  are  unable  to  trace  S.,  across  the  rolling  plateau  of  the  Broad  Top, 
the  anticlinal  axis,  with  gentle  dips,  which  separates  the  N.  extremities  of  the  Third  and  Fourth 
basins,  or  Bound  Knob  and  Orave  Mountain  ;  nor  can  we  follow  the  anticlinal  that  separates  the 
Fifth  and  Sixth  basins.  Judging,  however,  from  the  gentle  S.W.  descent  of  the  alternating  strata 
at  the  head  of  Plank  Cabin  Valley,  there  would  appear  to  be  a  general  S.W.  subsidence  of  the 
undulations  towards  the  centre  of  the  coal-field.  The  direction  established  for  these  and  the 
main  flexures  of  the  region  is  S.  30°  or  35°  W. 

In  the  N.  portion  of  the  plateau  coal-openings  are  rare  and  unpromising. 

The  Umbral  shale  appears  in  the  fields  of  H.  Haupt.  It  outcrops  around  Grave  Mountain. 
At  Mr  Diggens',  fragments  of  Serai  conglomerate  appear  ;  and  at  H.  Horton's,  Coal-measures 
overlie  the  conglomerate.  An  imperfect  opening  revealed  2  feet  of  coal  dipping  15°  N.  60°  W., 
300  yards  W,  of  which  there  are  outcrops  of  hard  grey  and  softer  white  sandstone,  dipping  20°  N. 
60°  W.,  and  a  little  beyond  this  the  dip  is  10°  S.  60°  E.,  showing  the  middle  line  of  the  synclinal 
basin.  From  this  to  H.  Millar's,  the  rocks  undulate  or  lie  horizontally,  and  but  few  exposures  are 
to  be  seen.  In  this  interval  coal  crops  out  at  H.  Haupt's.  Mr  Millar's  fields  contain  olive  and 
green  shales  ;  and  near  his  house  there  are  fine  exposures  of  massive  Serai  sandstone. 

The  bold  blufi"  of  massive  white  conglomeritic  sandstone,  from  1 0  to  15  feet  high,  W.  of  MiUar's 
house,  and  dipping  10°  S.  40°  E.,  is  probably  the  Serai  conglomerate  stratum.  Below  this  occurs  a 
lesser  blufi"  of  fine  white  sandstone,  not  so  massive  as  the  former.  Scarcely  50  yards  horizontally 
from  the  upper  bluff  a  coal  has  been  opened  on  a  cleared  slope,  but  it  is  only  6  inches  thick  at 
the  opening. 

An  anticlinal  flexure  runs  up  the  deep  ravine  between  Mr  H.  Millar's  and  Corcillin's,  on  the 
W.  side  of  which  two  coal-beds  have  been  opened  :  the  lowermost,  with  a  poor  covering,  proved 
2  or  3  feet  thick.  Above  it  is  a  bluff  of  Serai  conglomerate,  and  400  yards  horizontally  W.  of 
it  a  higher  coal  3  feet  thick,  but  without  proper  cover  or  any  breast  for  mining. 
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Passing  farther  to  the  S.  we  enter  upon  the  ravine  of  Shoup's  Eun.  This  is  a  deeply-cut 
gorge,  the  general  course  of  which  traverses  the  coal  strata,  nearly  at  right  angles,  from  the  new 
village  of  Broad-Top  City  to  the  vicinity  of  Coalmont.  It  has  afforded  favourable  opportunities 
for  mining  coal,  and  many  mines  are  situated  upon  its  borders.  We  shall  detail  the  observations 
made  upon  these  as  they  were  followed  up  the  stream  from  Coalmont  E.  towards  Broad-Top  City. 

The  first  appearance  of  the  Serai  conglomerate,  at  the  level  of  Shoup's  Run,  is  about  one- 
third  of  a  mile  above  the  village  of  Coalmont.  Rising  above  the  bed  of  the  valley  at  an  angle  of 
50°  upon  a  S.E.  dip,  it  forms,  in  Raven  Hollow,  which  comes  in  from  the  S.,  a  conspicuous 
ledge  of  rocks  20  feet  high,  representing  the  lower  member.  At  this  point  the  dip  is  about  45°, 
but  the  rock  is  intersected  by  numerous  parallel  joints,  which  almost  obscure  the  less  distinctly 
marked  plane  of  bedding.  These  joints  dip  S.  75°  E.  at  the  high  angle  of  80°.  The  rock,  when 
freshly  broken,  appears  to  be  a  pinkish-white  very  compact  sandstone,  weathering  grey,  and  is 
not  at  all  conglomeritic.  A  little  above  this  ledge,  and  constituting  the  upper  member  of  this 
Serai  conglomerate,  is  a  pure  white  fine-grained  sandstone,  which  is  exceedingly  uniform  in  its 
bedding  and  splits  into  beautiful  flags  suitable  for  building  purposes. 

Within  100  feet  of  the  Serai  conglomerate  on  Shoup's  Run,  occurs  Mr  Schell's  Opening  upon 
the  lowest  coal.    The  dip  of  the  bed  at  the  mine-entrance  is  20°,  but  it  rises  to 

■ 30°  as  the  gangway  advances  S.    The  subdivisions  of  the  coal  are  as  follows  : — 
' "  Coal,  from  3  feet  to  3  feet  10  inches  ;  Slate,  5  inches  ;  Coal,  5  inches ;  Slate,  1  foot ; 

Fig.  3i5.-Scheirs  Coal.  Coal,  1  foot  8  inches. 

This  bed  is  known  as  Barnett's,  from  the  old  mine  of  Philip  Barnett  higher  up  the  stream, 
and  we  shall  hereafter  designate  this  lowest  workable  seam  by  that  title.  Within  50  feet  E.  of 
Schell's  Opening  the  coal  basins  and  rises  out  to  the  surface  upon  a  W.  dip  of  20°  near  the  lowest 
house  of  the  mining  village.  It  then  arches  in  a  broad  low  anticlinal,  and  after  forming  a  shallow 
basin  again  rises  on  a  W.  dip  of  18°  at  the  mines  of  the  Broad-Top  Railroad  Company,  leased  to 
Mr  A.  Patrick.  At  these  mines  the  coal  has  a  total  thickness  of  4  feet  3  or  4  inches.  On  the  N. 
side  of  the  run,  opposite  Minersville,  the  same  coal-bed  is  mined  from  four  openings  upon  a 
breast  which  rises  E.,  with  several  slight  undulations,  at  an  average  angle  of  15°  or  18°,  until  it 
crops  out  on  the  flank  of  the  great  antichnal  which  ranges  across  the  vaUey  between  IMinersville 
and  Barnettstown.  The  latter  mines  are  wrought  by  Powell  &  Saxton,  as  lessees  of  the  Railroad 
Company.  The  Barnett  Bed  is  the  only  one  which  has  been  opened  on  Shoup's  Run  in  the 
general  basin  between  the  W.  cropping  of  the  Coal-measures  and  the  anticlinal  above  mentioned. 

This  great  anticlinal  which  crosses  the  run  just  W.  of  Barnettstown,  and  within  a  few 
hundred  yards  of  the  mines  above  alluded  to,  brings  the  lowermost  beds  of  the  Serai  conglo- 
merate to  the  water-level.  It  has  the  efi"ect  of  throwing  ofl"  the  Coal-measures  upon  its  flanks 
to  form  two  lines  of  outcrop.  The  anticlinal  ranging  S.  is  believed  to  pass  E.  of  Mr  Osbourn's 
house  and  Horton's  sawmill  to  cross  Six-mile  Run,  and  run  through  the  hollow  of  Trough 
Spring  Creek  to  Sandy  Run,  above  its  confluence  with  Long  Run.  On  Shoup's  Run  the  rocks 
at  the  anticlinal  dip  W.  20°  and  E.  25°. 

The  first  mine  upon  the  E.  side  of  the  axis  is  Patrick's  Upper  Mine,  where  the  Barnett  Coal 
is  wrought.  The  coal  itself  is  rather  soft,  and  somewhat  thinner  than  usual.  Between  this 
opening  and  the  anticlinal  there  seems  to  be  some  disturbance  in  the  strata,  by  which  Patrick's 
Coal  is  sharply  turned  down  from  the  outcrop  to  be  again  found  near  the  Raili-oad  level.  The 


SHOUP'S  RUN. 


453 


openings  did  not  admit  of  examination,  and  we  are  ignorant  of  the  true  nature  of  the  difficulty. 
The  lower  coal  is  quite  faulty  and  worthless.    On  the  opposite  or  E.  side  of 
the  Kun,  which  is  here  flowing  N.,  occurs  the  mine  of  Messrs  Orbison  and 
Dorris,  and  near  it  is  the  old  drift  of  Philip  Barnett  upon  the  same  bed. 
The  dip  of  the  coal  is  quite  gentle  ;  its  thickness  is  as  follows  : —  sie^^orbison-s  (Bar- 

Coal,  of  excellent  quality,  2  feet  10  inches  ;  Slate,  from  8  to  5  inches  ;  Coal,  1  foot.  ^^^^^ 
The  bottom  slate  is  pyritous  and  compact,  the  top  rock  is  a  compact  olive  shale,  with  inter- 
stratified  layers  of  fine  grey  sandstone.     The  gangway  upon  the  coal  at 
the  Orbison  and  Dorris  Mine  had  penetrated  200  yards  at  the  date  of  our  j^^^^^B 
visit  (October  1857).  ^^^^g 

But  a  few  hundred  yards  above  this  mine  the  coal  basins  at  a  depth  of  ^  ^  ^^^W^^B—j  5 
45  feet  beneath  water-level.    This  was  proved  by  a  shaft  sunk  to  coal,       T^'^  -^"-'^^^^^ 
which  was  found  dipping  N.W.  3°.    It  was  further  proved  by  Mr  Blair,     fig.  3i7.-Phiiip  Bar- 
who  has  driven  a  tunnel  from  the  water-level  to  meet  the  coal  as  it 
rises  to  the  surface.    It  was  found  about  100  yards  from  the  point  at  which  the  tunnel  entered. 
In  these  explorations  a  small  seam  of  coal  was  encountered  lying  10  feet  above  the  Barnett  Bed. 
On  the  hiU-side  opposite  Blair's,  and  a  little  higher  up  the  stream,  is  an  old  opening  by  Orbison  and 
Dorris,  on  the  same  bed,  dipping  gently  W. ;  and  near  the  high  trestling  of  the  railroad  is  Noble's 
old  drift  mine.    In  the  bed  of  the  creek,  and  about  35  feet  below  the  Barnett  Bed,  are  seen  two 
small  seams  of  coal,  separated  by  4  feet  of  strata,  and  measuring  respectively  4  and  6  inches.  In 
the  slates  adjacent  to  these  are  found  impressions  of  plants,  and  in  the  shales  above  thin  bands  of 
carbonate  of  iron.    These  thin  coals  lie  close  to  the  Serai  conglomerate,  which  rises  to  the  water- 
level,  on  a  gentle  anticlinal  roll,  about  150  yards  farther  E.    This  anticlinal  has  not  been  traced 
by  us  through  the  rugged  country  tying  to  the  N.  and  S.  of  Shoup's  Eun,  but  it  doubtless  has  an 
important  influence  upon  the  distribution  of  the  strata. 

We  now  enter  upon  a  wide  shallow  basin,  bounded  on  the  W.  by  the  anticlinal  just  men- 
tioned, and  on  the  E.  by  another  ranging  through  the  main  plateau  of  the  Broad  Top  at  the  head 
of  the  ravine  of  Shoup's  Eun,  near  Broad-Top  City.  As  the  conglomerate  arches  the  former  of 
these  at  the  creek  level,  the  Barnett  Seam  must  soon  re-enter  the  hills,  but  it  has  nowhere  been 
opened.  AU  the  explorations  hitherto  made  have  been  confined  to  the  hill-sides,  at  some  distance 
above  the  bed  of  the  ravine,  and  they  develop  only  higher  coals.    To  these  we  shaU  now  refer. 

From  three-fourths  of  a  mile  to  a  mile  above  or  E.  of  the  high  trestling  of  the  railroad,  and  a 
less  distance  from  the  anticlinal,  are  several  openings  upon  two  beds  of  coal,  dipping  E.,  usually 
separated  by  about  30  feet  of  strata,  which  occupy  a  position  intermediate  between  the  Barnett 
Bed  and  the  next  higher  large  bed,  known  as  Cook's.  The  upper  of  these  measures  3  feet,  and  is 
underlaid  by  bluish-grey  argillaceous  shale.  The  capping-rock  is  sandstone.  The  lower  coal  is 
2  feet  thick.  At  a  higher  level  in  the  strata  is  the  Cook  Bed,  wrought  by 
the  Broad-Top  Improvement  Company,  at  several  points,  upon  a  S.W.  dip. 
At  the  lower  mine  three  gangways  enter  the  coal  at  difierent  levels  on  the  i  s-^^m^ 
breast  which  inclines  at  an  angle  of  about  3° ;  in  one  of  these  the  following  ^la.  318.-  Broad  -  Top 

.  1  ,    •      1  Improvement  Com- 

measurements  were  obtamed  : —  pan/sCoai. 

Coal,  1  foot ;  Slate,  not  always  present,  1  inch  ;  Coal,  3  feet ;  Slate,  known  as  the  mid-rock,  6  inches ; 
Coal,  8  or  10  inches  ;  Slate  (average  6  inches),  1  foot ;  Coal,  1  foot  4  to  6  inches. 
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As  the  coal  rises  at  a  very  gentle  inclination,  it  is  opened  at  several  points  near  the  Eailroad, 
which  ends  at  the  upper  mines  of  the  Broad-Top  Improvement  Company,  near  the  Old  Cook 
opening,  within  half  a  mile  of  Broad-Top  City.  In  these  drifts  great  local  variations  are  fomid 
in  the  thickness  of  the  dividing-slates.  In  the  mine  of  Messrs  Keeley  and  Cunningham  the  lower 
slate  has  thickened  to  4  feet,  and  the  16-inch  band  of  coal  is  found  beneath  it.  At  another 
point  where  the  coal  is  entered  by  a  plane  or  breasting  up  the  dip,  the  mid-rock  or  upper  slate 
measures  15  inches.  In  one  part  of  the  Improvement  Company's  upper  mine,  the  same  slate 
is  3^  feet  thick,  but  it  does  not  average  so  much.  In  Jesse  Cook's  old  mine,  opposite  the  latter, 
the  following  are  the  subdivisions  of  the  bed  : — 

Coal,  10  mches  ;  Slate,  3  inches  ;  Coal,  2  feet ;  Slate,  (upper  member  sometimes  a  sandstone),  1  foot  4  to 
8  inches  ;  Coal,  5  inches  ;  Slate,  4  inches  ;  Coal,  slaty  and  sulphurous,  1  foot  2  inches. 

The  bed  dips  6°  S.  60°  W.  It  is  overlaid  by  3  feet  of  slate  which  sup- 
ports a  dark-grey  sandstone  containing  fossil  impressions.  There  are  indica- 
tions of  a  thin  band  of  coaly  matter  in  these  measures,  20  feet  above  the 
Cook  Bed, 

Fig  319-320— Cook's  Coal  Near  the  road-sidc,  and  200  yards  S.E.  of  Jesse  Cook's  Mine,  there  is  an 
opening  upon  a  coal-bed,  estimated  to  overlie  the  Cook  Seam  about  60  feet. 
It  measures  3  feet,  including  a  band  of  slate  1  inch  thick,  and  10  inches  from  the  bottom.  It 
occupies  a  position  not  far  beneath  the  big  sandstone  stratum  which  supports  the  table-land  of 
Broad-Top  City.  The  same  bed  of  coal  occupying  a  corresponding  position  beneath  the  some- 
what pebbly  sandstone  known  as  the  "  Big  Eock,"  has  been  opened  and  drifted  into  upon  the 
hill-side,  a  few  hundred  yards  S.W.  of  the  lower  mines  of  the  Broad-Top  Improvement  Company. 

S.  of  the  parallel  of  Shoup's  Eim,  the  Broad  Top  is  intersected  by  other  deep  ravines,  down 
which  flow  the  waters  of  Six-mile  Eun,  and  the  tributary  branches  of  Castillo's  Eun,  known  as 
Sandy  and  Long  Euns.  At  the  extreme  S.W.  edge  of  the  Broad  Top  is  Kimber's  Eun,  flowing 
into  the  Eaystown  Branch  of  the  Juniata,  2  miles  above  Hopewell,  at  the  mouth  of  Castillo's  Eun. 
In  the  interval  between  Shoup's  and  Six-mile  runs,  which  flow  at  an  average  distance  of  3^  or 
4  miles  from  each  other,  rise  the  elevated  summits  of  Barnett's  HiU  and  Anderson's  Knob.  To 
the  S.  of  the  latter,  and  between  it  and  Long's  Eun,  lies  Eound  Knob,  and  in  range  with  it  and 
Anderson's  Knob  occurs  Swartz's  Eidge,  lying  between  Long  and  Sandy  runs.  This  range  of 
hills  contains,  on  account  of  their  structure  and  their  height,  the  greatest  residual  thickness  of 
Coal-measures.  To  the  Westward  the  general  plateau  of  the  Broad  Top  exhibits  a  high  irregu- 
larly undulating  surface,  which  is  quite  covered  with  forest.  As,  however,  the  explorations  for 
coal  have  been  confined  chiefly  to  favourable  localities  in  the  valleys  below,  and  as  the  useful 
rock-exposures  are  few  and  isolated,  the  details  of  structure  in  this  complicated  district  are  stiU 
very  obscure.  As  we  lacked  the  invaluable  guide  of  a  good  topographical  map  upon  which  to 
connect  the  exposures  which  exist,  we  were  obliged  to  restrict  ourselves  principally  to  careful 
examinations  in  the  transverse  valleys,  where  we  were  aided  by  natural  developments  and  the 
progress  of  mining. 

On  the  Western  slope  of  Barnett's  Hill,  upon  the  road  from  Coalmont  to  Fort  Littleton,  and 
a  quarter  of  a  mile  from  the  former  place,  the  Serai  conglomerate  or  sandstone  is  exposed,  dipping 
E.  of  S.,  at  an  angle  of  15°.  At  a  lower  level  Eed  shale  crops  out;  and  about  50  feet  above  the 
uppermost  exposure  of  the  sandstone,  Mr  Evans  has  opened  the  Barnett  Coal-seam.    The  coal  is 
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much  crushed,  and  is  very  irregular  in  thickness,  -varying  from  4  feet  to  6  feet,  and  even  more. 
Its  dip  also  is  fluctuating  both  in  direction  and  degree.  Some  distance  higher  on  the  hill,  and 
more  to  the  S.,  a  bed  apparently  much  higher  in  the  series  has  been  opened  at  various  points  in 
the  vicinity  of  Mr  Donaldson's  house,  upon  the  lands  of  Mr  Schell.  The  gangways  upon  it  were 
closed,  and  the  thickness  of  the  bed  could  not  be  measured  ;  but  this  is  said  to  be  considerable. 
Farther  S.  a  drift  was  entered  upon  a  coal,  which  at  the  outcrop  measured  1  foot,  and  contrary 
to  expectation  the  coal  dwindled  away  as  the  gangway  advanced.  In  the  shales  beneath  this 
coal,  balls  of  white  carbonate  of  iron,  of  good  quahty,  are  disseminated.  Near  the  top  of  the  hill, 
at  Barnett's  Sugar  Camp,  a  fine  bed  of  coal  is  opened.  The  bottom  bench  is  1 4  inches  thick, 
the  middle  bench  2  feet  8  inches  ;  the  upper  bench  is  not  visible,  but  the  thickness  of  the  entire 
bed,  including  slates,  cannot  be  less  than  5  feet.  The  dip  at  all  of  these  localities  is  gently 
E.S.E. 

An  old  opening  known  as  Hamilton's,  and  a  more  recent  one,  Entriken's,  occupy  positions  at 
the  base  of  the  hill,  near  Hamilton's,  on  Put's  Branch  of  Shoup's  Eun,  within  a  mile  of  Coalmont. 
It  is  impossible,  without  further  research,  and  the  use  of  instruments,  to  define  precisely  the  rela- 
tive positions  of  the  several  coal-beds  in  Barnett's  Hill.  There  is,  however,  sufiicient  evidence  to 
enable  us  to  affirm  that  the  Coal-measures  exist  in  great  thickness,  and  that  probably  many  of 
the  valuable  beds  of  the  region  wiU  be  found  in  it. 

In  describing  the  traverse  of  Six-mile  Eun,  and  the  other  streams  flowing  Westward  from 
the  Broad  Top,  it  will  be  expedient,  for  the  sake  of  clearness,  to  follow  them  Eastward  from  the 
river  towards  their  sources.  We  come  now  to  treat  of  the  stratification  and  structure  of  the  coal 
region  as  developed  on  Six-mile  Run. 

Where  the  ravine  of  Six-mile  Eun  opens  to  the  river-valley,  the  W.  ridge  of  the  Broad  Top 
presents  a  curious  projection  to  the  river.  This  may,  perhaps,  be  accounted  for  by  a  slight 
double  roU  in  the  flank  of  the  mountain.  The  same  may  be  seen  at  Hopewell  and  elsewhere, 
along  the  W.  escarpment  of  the  plateau. 

For  the  first  half-mile  ascending  the  Six-mile  Eun  the  strata  are  composed  of  Umbral  red 
shale,  alternating  towards  the  top  with  the  sandy  beds  of  the  Serai  rocks.  The  first  exhibition  of 
coal  is  that  of  the  Lancaster  Coal  Company  at  the  Old  Eiddle  Mine.  The  locality  of  this  mine 
is  one  of  evident  confusion  in  the  strata,  and  much  doubt  yet  remains  about  the  identity 
of  the  bed  with  those  occupying  the  same  apparent  horizon.  The  coal  at  the  old  drift  dips 
gently  W.  into  the  basin  where  the  new  mine  enters  it.  It  was  found  at  first  to  be  5  feet  thick, 
but  swelled  to  10,  and  even  12  feet,  as  the  gangway  was  driven  forward.  The  roof  is  quite 
regular,  but  the  floor  very  uneven.  In  the  new  gangway  great  difficulty  in  mining  has  arisen 
from  an  upheaval  of  the  coal  transversely  to  the  centre  of  the  basin.  This  occurred  in  the 
gangway,  100  yards  from  the  mouth.  The  floor  was  found  upheaved  to  the  height  of  15  or 
20  feet,  carrying  coal  and  roof  with  it,  but  leaving  a  trace  of  the  coal  along  the  plane  of  dislo- 
cation. The  dislocation  extended  entirely  across  the  basin,  and  the  impediments  to  mining,  at  the 
date  of  our  visit,  had  not  been  overcome,  though  it  was  thought  they  soon  would  be.  The  coal  is 
hard,  often  polished  and  crushed,  and  is  divided  by  no  regular  stratum  of  slate,  but  is  interleaved 
with  thin  plates  of  slate  which  adhere  very  tenaciously  to  it.  The  lower  part  of  the  bed  is  considered 
the  best.  The  roof  is  a  blackish  olive  slate  with  pencil  fracture,  4  feet  thick,  becoming  grey  and 
more  silicious  upwards  for  1 5  feet,  and  covered  by  hard,  dark-grey  laminated  sandstone.  Other 
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massive,  very  hard,  dark  sandstones  appear  still  higher  in  the  series.  Immediately  beneath  the 
coal  there  is  a  variable  band  of  indurated  fire-clay,  containing  balls  of  iron  ore. 

Thirty  feet  below  the  Eiddle  Coal  appear  beds  of  pale  blue  sandstone,  weathering  yellow 
and  brown,  from  6  to  12  inches  thick,  and  perpendicularly  jointed.  They  present  a  total  thick- 
ness of  50  feet.  Immediately  beneath  there  is  a  crushed  coal  2  feet  thick,  dipping  E.  at  an 
inclination  of  35°.  Below  this  on  the  N.  side  of  the  gorge  the  Serai  conglomerate  is  obscured 
by  debris.  On  the  S.  side,  upon  the  run,  a  mass  of  sandstone  20  feet  thick  rises  from  the  water- 
level.  This  rock  has  all  the  characters  of  the  Serai  conglomerate  of  this  region.  It  is  a  compact 
homogeneous  heavily-bedded  sandstone,  traversed  by  parallel  joints  or  cleavage-planes.  The 
plane  of  bedding  dips  S.  80°  E.  at  an  angle  of  45°.  Beneath  it  appear  nearly  150  feet  of  more 
flaggy  sandstones,  alternating  in  the  lower  part  with  red  shale.  Over  it  are  visible  50  feet  of 
blue  argillaceous  and  sandy  shales,  including  one  or  two  thin  bands  of  dark-blue  slate  ;  but  no 
sign  of  the  presence  of  coal  can  be  detected. 

If  the  massive  sandstone  really  represents  the  upper  stratum  of  the  Serai  conglomerate,  we 
find  it  difficidt  to  suppose  that  the  2-feet  thick  coal-bed  above  mentioned  can  represent  a  small 
seam  usually  found  closely  contiguous  to  the  conglomerate,  for  the  strike  of  the  rock  makes  it 
appear  fully  150  feet  beneath  that  bed.  The  same  diflSculty  forces  us  to  regard  the  Riddle 
Coal  as  higher  in  the  series  than  the  Barnett  Seam,  to  which  it  is  generally  regarded  as  equivalent- 
Any  other  supposition  implies  either  an  enormous  thickening  of  the  rocks  between  the  latter 
bed  and  the  conglomerate,  or  a  transverse  dislocation  by  which  the  strata  on  the  N.  side  of  the 
Eun  have  been  thrust  E.  several  hundred  feet. 

Certain  it  is  that  the  Eiddle  Coal-bed  is,  to  all  appearance,  the  lowest,  with  one  exception, 
in  the  series.  Some  persons  suppose  a  valuable  bed  to  exist  beneath  it.  Attempts  were  once 
made  by  Mr  Hurl,  of  Huntingdon,  to  open  such  a  bed  upon  the  mountain,  N.  of  Eiddlesburg,  and 
hardly  50  feet  above  the  alternations  of  Serai  and  Umbral  rocks.  A  bed  7  feet  thick,  it  is  com- 
^  monly  reported,  was  there  discovered,  dipping  40°  S.  55°  E.  The  floor  is  a  greenish  slate,  under- 
laid by  3  feet  of  light-grey  micaceous  sandstone  with  coal  impressions,  reposing  upon  10  feet  of 
coarse  grey  ferruginous  sandstone  with  quartz  pebbles.  Beneath  this  we  find  coarse  granular  fight- 
grey  hard  sandstone  8  feet  thick  ;  fine-grained,  greenish,  thin-bedded  sandstone  8  feet ;  interval 
30  feet,  and  red  shale  surface  debris  downwards.  Above  the  opening  are  seen  slate  and  pebbly 
sandstone,  overlaid  by  dark-grey  sandstone.  These  exposures  constitute  a  double  fine  of  cfifis 
along  the  mountain-side  N. ;  the  lower  30,  the  upper  25  feet  high.  A  third  ledge,  30  feet 
higher  and  near  the  summit,  consists  of  rocks  dipping  50°  W.,  therefore  forming  with  the  latter 
a  synclinal  basin  ;  but  at  the  summit,  rocks,  which  bear  a  close  resemblance  to  those  beneath  the 
Eiddle  Bed,  dip  E.  again.  If  these  phenomena  justify  the  opinion  that  a  lower  bed  than  any 
yet  developed  upon  the  Creek  exists,  and  the  true  thickness  be  in  any  due  proportion  to  its 
traditional  size,  it  becomes  important  to  discover  it  by  careful  research  upon  the  Creek  below 
the  Eiddle  Mine. 

The  hiU  next  E.  of  that  which  contains  the  outcrop  of  the  coal-bed  brings  up  the  massive 
sandstone  strata  lying  at  the  base  of  the  Coal-measures  upon  a  gentle  anticlinal  wave.  The  E. 
dip  is  45°.  These  strata  weather,  in  the  upper  portion,  fike  the  coarse  and  easily-disintegrated 
Meridian  Sandstone  of  Warrior  Eidge  ;  the  lower  layers  are  harder  and  of  a  finer  grain.  The 
anticlinal  has  not  been  traced  in  its  prolongation  N.  or  S.,  though  its  magnitude  would  indicate 
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it  to  be  one  of  the  leading  flexures  of  the  W.  division  of  the  Broad-Top.  Eanging  S.  towards 
Sandy  Run  it  ascends  Thornlnll  Run,  passing  W.  of  Lowrie's  and  to  the  N.  is  found  between 
J.  Griffith's  and  Osbourn's. 

At  Brandon's  Point,  ascending  the  Run,  sandstone  strata,  like  those  on  the  stream  below  the 
Riddle  Mine,  dip  20°  E.,  and  100  yards  further  E.  nearly  horizontal  strata  of  slate  10  feet  thick 
border  the  Creek,  from  the  bed  of  which  coal  was  once  taken  at  the  point  where  a  retaining- 
wall  now  supports  the  roadway.  The  stratum  was  said  to  measure  18  inches  in  thickness  ;  but 
upon  reopening  it,  it  was  found  to  be  2  feet  thick.  It  is  overlaid  by  dark  calcareous  slate, 
abounding  in  fossil  impressions.  The  slate  descends  gradually  beneath  the  water  and  rises 
again  as  gently  upon  the  E.  side  of  the  synclinal  axis,  outcropping  in  the  bed  of  a  lateral  ravine 
which  comes  in  from  the  S.  about  30  feet  above  the  flats.  An  opening  has  been  made  at  an 
elevation  of  60  feet  above  the  outcrop  of  this  slate,  on  the  side  ravine  near  Brandon's  Point,  and 
disclosed  a  coal  smut  4  feet  thick.  This  may  be  upon  the  outcrop  of  the  Riddle  Bed,  as  this 
seems  to  be  its  proper  place.  At  the  head  of  this  ravine  on  the  hill,  100  feet  above  the  last- 
mentioned  opening,  a  coal-bed  has  been  entered  by  a  drift  for  a  short  distance.  The  bed, 
including  slates,  measures  5  feet,  of  which  from  3  to  4  feet  is  coal.  The  true  place  of  these 
beds  is  still  so  involved  in  obscurity  that  it  is  impossible  to  define,  with  precision,  their  equi- 
valents elsewhere. 

The  horizon  of  the  Riddle  Bed  is  obscured  Eastward  by  undulations  of  the  strata,  and  the  few 
rock-exposures  are  unsatisfactory.  The  massive  sandstones  beneath  that  bed  are  nowhere  seen 
as  such  above  the  water-level ;  and  the  presumption  is,  the  bed  is  for  the  most  part  below  it. 

An  anticlinal  axis  may  be  remarked  between  Figard's  Mill  and  Fairplay,  crossing  the  ravine  of 
Six-mile  Run.  It  appears  along  the  deep  ravine  E.  of  Mr  Osbourn's  house,  and  passes  W.  of 
Horton's  SawmiU.  Sandstone  rocks  appear  on  its  E.  slope,  dipping  25°  E. ;  but  on  the  W.  we 
find  slate,  sandstone,  and  coal.  The  W.  dip  of  5°  appears  on  the  road  from  Osbourn's  to  Figard's 
Mill. 

On  the  flank  of  this  saddle  a  coal  was  struck  in  a  well  at  Mr  Osbourn's  :  it  is  2  feet  thick  ; 
and  on  Mr  Lynn's  farm  further  W.,  and  a  fourth  of  a  mile  from  the  brow  of  the  Broad-Top  Moun- 
tain, a  bed  has  been  opened  dipping  10°  W.,  and  yielding,  at  the  outcrop,  3  feet  of  coal ;  beneath  the 
coal  is  shale  10  or  15  feet  thick,  and  brown  argillaceous  sandstone.  In  the  fields  E.  of  Mr 
Lynn's  house  fragments  of  limestone  appear.  The  rock  has  a  grey  ashy  colour,  smooth  grain,  and 
cherty  aspect.  The  thickness  of  the  bed  has  not  been  proved  ;  but  its  presence  shows  that  we  are 
high  in  the  series  of  the  Coal-measures.  The  anticlinal  passing  Osbourn's  ranges  S.  through 
Trough  Spring  Hollow  to  Sandy  Run. 

A  few  hundred  feet  S.E.  of  Horton's  Sawmill  a  massive  ledge  of  sandstone  rises  upon  a 
gentle  W.  dip.  The  rock  is  in  all  respects  similar  to  that  lying  at  the  base  of  the  Coal- 
measures. 

On  the  S.  side  of  the  Ravine  of  Six-mile  Run,  just  above  the  opening  of  Trough  Spring 
Hollow,  there  is  a  ledge  of  coarse  grey  sandstone,  known  as  the  "Saltpetre  Rocks,"  which  dips  25° 
or  30°  N.,  60°  W.  Further  E.,  120  yards,  are  the  "  Thunderstruck  Rocks,"  a  hill-side  exposure  of 
blue  and  grey  slates,  and  grey  sandstone,  geologically  above  the  Saltpetre  Rocks,  and  dipping 
45°  in  the  same  direction.  Between  the  two  exposures,  a  bed  of  coal  has  been  opened  30  feet 
above  the  Creek.     The  ledge  of  the  Saltpetre  Rocks  may  be  followed  S.  100  yards  to  its 
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crossiug  of  Trough  Spring  Creek.  A  short  distance  above,  on  the  latter  stream,  the  same  rocks 
enter  the  ground  upon  a  steep  E.  dip,  and  again  form  a  basin,  upon  the  gently-inclined  W.  side 
of  which,  a  coal  28  inches  thick  has  been  opened.  This  coal  has  all  the  characters  of  the  bed 
overlying  that  called  the  Cook  Seam,  at  the  head  of  Shoup's  Run. 

Returning  now  to  Six-mile  Run,  we  find,  above  the  Thunderstruck  Rock  a  few  hundred  yards,  a 
curious  Avedge-like  mass  of  coal,  known  as  King's.  At  the  surface  of  the  hill-side  the  bottom  of 
the  coal  has  a  gentle  E.  dip,  and  the  top  is  very  steeply  inclined.  Across  the  base  of  the  wedge 
at  the  surface  the  bed  is  15  feet  thick,  but  it  narrows  down  to  about  5  feet  at  the  point 
where  the  excavation  terminated.  Similar  conditions,  we  are  told,  attended  the  outcrop  of  the 
coal  opened  between  the  Thunderstruck  and  Saltpetre  rocks.  In  neither  case  did  the  mining 
penetrate  far  enough  to  develop  the  normal  condition  of  the  bed.  The  most  natural  explanation 
of  the  irregularity  is  surface  action  and  hill-side  pressure,  though  the  coal  itself  is  quite  pure  and 
solid.  We  are  disposed  to  regard  the  King  Coal  as  more  nearly  the  equivalent  of  the  Cook  Bed 
than  of  any  other.  The  rock  found  some  distance  above  it  resembles  the  "  Big  Rock  "  sand- 
stone. 

The  whole  neighbourhood  of  these  natural  and  artificial  developments  is  one  of  much  obscurity 
and  confusion.    Systematic  exploration  is  necessary  to  unfold  its  structure. 

At  Fairplay,  one-third  of  a  mile  above  the  King's  Coal  opening,  the  dips  are  E.,  into  a  basin 
which  passes  about  100  yards  E.  of  the  tavern.  200  yards  E.  of  the  tavern  is  Richard  Foster's 
old  coal-opening  upon  the  Creek  side.  The  dip  of  the  bed  is  gently  E.  This  is  owing  to  a 
slight  roll  of  the  strata  dipping  W.  into  the  basin  between  the  mine  and  Fairplay.  The  mine  is 
now  closed.  The  bed  is  said  to  be  upwards  of  3  feet  thick.  The  roof  is  dark  olive  slate  4  feet  thick, 
overlaid  by  the  same  thickness  of  pale-blue,  apparently  calcareous  sandstone.  The  floor  is  of 
ash-coloured  argillaceous  shale  10  feet  thick,  containing  a  few  nodules  of  iron  ore,  underlaid  by 
1  foot  of  blue  sandstone,  resting  on  10  feet  of  black  slate,  which  encloses  two  bands  of  nodular 
ore  2  or  3  inches  thick. 

On  the  S.  side  of  the  ravine,  opposite  Foster's  Coal-bank,  a  shaft  was  sunk  by  Mr  Richey 
upon  a  seam  evidently  higher  in  the  series  than  Foster's,  and  apparently  the  Cook  Bed.  It  rests 
upon  olive  shale,  and  is  overlaid  by  sandstone.  The  coal,  including  a  mid-rock  slate,  is  5  feet 
thick. 

One-third  of  a  mile  above  the  shaft  is  the  Old  Lear  opening,  at  the  base  of  Round  Knob. 
The  following  are  the  dimensions  of  the  coal,  which  dips  3°  W.  : — 

Coal,  1  foot  2  inches  ;  Slate,  5  inches ;  Coal,  1  foot  9  inches ;  Slate,  2  inches ;  Coal,  2 
feet. 

The  upper  bench  is  the  best ;  the  lower  is  sulphurous  and  bony.    It  is 
thouD-ht  to  be  the  Cook  Bed. 

Above  the  Lear  Coal-seam  a  stratum  of  limestone  was  found.  It  is  a  bluish  black  rock  3 
feet  thick,  containing  Septaria,  or  clay  concretions,  some  of  which  are  soft,  others  hard,  with  dark 
calcareous  spar,  or  traversed  by  plates  of  opaque  white  spar.  In  it  are  found  univalve  and 
bivalve  shells  and  corals. 

About  three-fourths  of  a  mile  above  Fairplay,  or  Six-mile  Run,  a  massive  ledge  of  coai-se  sand- 
stone displays  itself,  showing  a  very  gentle  N.W.  dip,  which  is  much  obscured  by  innumerable 
cross-joints  or  cleavage-planes  inclined  E.,  but  nearly  perpendicularly.    The  ledge  may  be  seen 
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for  some  distance  along  the  bill-side  upon  the  N.  On  a  branch  of  Six-mile  Eun,  sometimes  called 
Shreeve's  Run,  coming  in  from  the  S.,  at  the  E.  base  of  Eound  Knob,  and  not  more  than  half  a 
mile  from  Six-mile  Run,  a  rock  identical  in  character,  and  unquestionably 
representing  the  Serai  conglomerate,  stands  forth  below  Mr  Cheyney's  fields. 
The  outcropping  face  of  this  rock  forms  a  precipitous  ledge  30  feet  high, 
and  the  bedding  inclines  at  a  low  angle  (5°)  N.W.  under  Round  Knob.  As  ^ 
is  usual  with  this  stratum,  it  is  intersected  by  cross-joints  dipping  85°  S., 
65°  E.  A  few  hundred  yards  higher  on  Shreeve's  Run,  and  on  the  opposite 
side,  the  same  rock  enters  with  a  very  gentle  E.  dip  into  Shreeve's  Hill  or 
the  S.  prolongation  of  Anderson's  Hill,  which  lies  to  the  N.  of  Six-mile  Run. 
The  anticlinal  ranges,  therefore,  through  the  ravine  of  Shreeve's  Run,  between 
the  two  exposures. 

On  the  E.  slope  of  Round  Knob,  back  of  the  conglomerate  cliff,  in  a  field 
belonging  to  the  John  Griffith  farm,  now  the  property  of  English,  Colwell, 
&  Co.,  a  drift  enters  upon  a  coal  corresponding  in  position  and  character 
to  the  Cook  Bed.    Its  subdivisions  are  as  follows  : — 

Coal,  1  foot  6  inches  (the  bed  lies  nearly  flat)  ;  Slate,  3  inches  ;  Coal,  1  foot  9  inches  ; 
Slate,  8  inches  ;  Coal,  10  inches. 

About  35  feet  stratigraphically  below  this  bed,  another  has  been  proved 
by  shafting  in  another  part  of  the  same  field.    It  is  3  feet  thick.    The  shales  ^' ' 
over  this  coal  contain  numerous  impressions  of  leaves  and  shells. 

On  the  S.E.  slope  of  Round  Knob,  overlooking  the  depression  at  the  head- 
waters of  Long  Run,  which  flow  S.W.  into  Sandy  Run,  a  series  of  shafts, 
conducted  by  Messrs  Richey  &  Foster,  enable  us  to  present  the  accompany- 
ing tolerably  complete  section  of  the  Coal  strata.  * 

1.  The  lowest  opening  is  about  35  feet  above  the  foot  of  the  slope,  bordering  the       Fig.  .322.— strata  in 
gently  deepening  hollow.  The  bed  of  coal  here  proved  is  6  feet  thick,  and  is  not  divided 

by  any  slate-bands.  The  dip  of  the  seam,  in  common  with  those  on  this  side  of  Round  Knob,  is  gently 
K  W  W.  into  the  liiU. 

2.  Thirty  feet  above  the  coal,  in  the  lower  shaft,  a  bed  was  cut,  measuring  10  inches,  with  a  slate-roof. 

3.  Forty  feet  higher,  a  coal,  22  inches  thick,  of  good  quality,  fracturing  in  rhomboidal  blocks.  Floor,  a 
sandy  shale  ;  roof,  shale  with  impressions  of  leaves.  This  is  doubtless  the  same  seam  as  that  met  with  on  the 
E.  side  of  the  knob,  as  above  mentioned. 

4.  Thirty-five  feet  higher,  a  coal  5  feet  thick,  including  a  band  of  slate  6  or  8  inches  thick,  1  foot  from  the 
bottom.  The  upper  slate  of  the  Cook  Bed,  its  equivalent,  was  not  met  with  in  this  shaft,  which,  however,  did  not 
cut  into  solid  coal. 

5.  Sixty  feet  above  the  last,  a  shaft  penetrated  22  feet  from  the  surface.  At  a  depth  of  5  feet,  fire-clay  was 
encountered  :  it  proved  1 5  feet  thick  The  lower  5  feet  contained  many  balls  of  argillaceous  brown  iron-ore. 
Below  this,  a  black  slate,  10  inches  thick,  presented  itself,  underlaid  by  sandstone.  Above  the  shaft,  a  fine 
close-grained  argillaceous  sandstone,  known  as  the  "  Whetstone  Rock,"  outcrops  upon  the  hill-side,  and  above  it 
fragments  of  the  "  Big  Rock "  sandstone  are  visible  in  the  more  steeply-inclined  slope,  which  its  presence 
causes. 

6.  A  coal  28  inches  thick  underlaid  by  sandy  ferruginous  shale.  It  corresponds  in  position  to  a  coal-bed 
opened  by  a  tunnel  on  Long  Run,  above  the  Hopewell  Company's  Mine,  to  which  we  may  hereafter  advert. 
Between  this  coal  and  that  above  it,  a  hUl-side  gutter  exposes  olive  and  dove-coloured  shales,  including  a  thin 
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bed  of  coal-slate,  and  several  bands  of  fire-clay,  containing  nodules  of  brown  ore.  The  dip  of  these  measures 
is  12°  N.W. 

7.  Seventy  or  more  feet  above  the  last-mentioned  coal  is  a  bed  33  inches  thick,  and  free  from  slate. 

8.  Twenty-five  feet  higher,  among  olive  shales,  a  thin  smut  of  coal  betrays  the  proximity  of  a  seam  which 
has  not  been  opened.  Above  it  are  fragments  of  a  loose-grained  sandstone  weathering  deep  red.  We  shall 
presently  show  that  a  similar  rock  overlies  a  large  bed  of  coal,  which  occupies  a  position  very  high  in  the  series 
on  Long  Run. 

Above  these  indications  of  coal  there  are  fully  100  feet  of  strata  occupying  the  summit  of  tlie 
hill.  They  consist  of  shales  capped  by  shelly  sandstone.  On  the  W.  side  of  the  synclinal  of 
Eound  Knob,  in  E.  Foster's  fields,  occurs  an  ash-coloured  limestone  stratum  which  should  be  found 
in  this  interval,  though  it  there  occupies  a  much  lower  level,  which  may  be  accounted  for 
by  the  unsymmetrical  denudation  of  the  synclinal  basin  of  the  knob. 

The  range  of  the  synclinal  flexure,  as  observed  from  the  elevated  summit  of  Round  Knob, 
carries  it  N.  through  Anderson's  Knob  and  S.  into  Schwartz's  Knob. 

The  first  appearance  of  coal  on  Six-mile  Run,  E.  of  the  bold  sandstone  exposure,  is  at  Amos 
Figard's  opening,  which  is  one  of  the  oldest  in  the  region,  having  been  made  sixty  years  ago. 
The  bed  is  28  inches  thick,  and  inclines  gently  E,  It  must,  therefore,  be  upon  the  E.  side  of 
the  Shreeve's  Run  Anticlinal,  and  cannot  be  many  feet  above  the  lower  Serai  sandstone. 

One  fourth  of  a  mile  further  E.  is  the  Old  Loy  and  Patterson  Mine,  upon  a  coal  lying  at  the 
N.  base  of  Shreeve's  Hill,  and  upon  the  E.  side  of  a  basin  ranging  through  that  hill.  The  dip  is 
5°  W.  The  roof  of  the  bed  is  a  coarse  sandstone,  5  feet  thick,  containing  pebbles  of  milky 
quartz.  The  floor  is  of  dark  sandstone,  full  of  vegetable  impressions  and  layers  of  slate.  The 
coal  at  the  mine  is  5  feet  thick  on  the  outcrop,  but  increases  to  9  feet,  and  is  7  feet  thick  where 
the  workings  were  abandoned.  The  opening  was  long  since  closed,  but  the  coal  is  said  to  be 
free  from  slate,  and  of  good  quality.  It  occupies  a  position  evidently  low  in  the  series,  and 
is  probably  the  equivalent  of  the  Barnett  Seam. 

A  fourth  of  a  mile  above  this  opening  are  sandstone  bluffs,  referable  to  the  lower  Serai 
conglomerate,  dipping  5°  W.  Indications  of  coal  were  found  on  the  road  passing  above  these 
rocks.  This  is  probably  the  outcrop  of  A.  Figard's  coal  on  the  E,  side  of  the  basin.  Three  or 
four  hundred  yards  higher  up  the  creek,  on  the  hill-side,  slate  and  coal  liave  been  excavated,  but 
the  strata  are  not  now  visible  in  place.    The  dip  is  no  doubt  E. 

We  find  no  further  positive  developments  of  coal  until  w^e  approach  the  Mountain  House, 
upon  the  main  plateau  of  the  Broad-Top,  at  the  head  of  Six-mile  Run.  Half  a  mile  above  the 
last  locality  of  coal  above  aUuded  to,  is  Andersons  MiU,  150  yards  E.  of  which  we  find  the 
hill-side  strewn  with  large  masses  of  conglomerate  rock,  containing  pebbles  of  nut  and  pea  size. 
We  are  disposed  to  refer  these  fragments  to  the  sometimes  congiomeritic  sandstone  which 
overfies  the  Cook  Bed.  Near  by,  upon  the  road-side,  at  the  base  of  the  hiU,  Westward-dipping 
slates  are  exposed,  supporting  a  coal-bed,  whose  presence  is  indicated  by  its  smut.  Between 
this  point  and  the  Mountain  House  we  find  no  further  exposures,  if  we  except  the  oHve 

,   sandy  shales  cut  in  places  by  the  roadway  ascending  the  hill. 

o6-o||     '  ^jp       Mountain  House  150  yards  a  coal-bed  has  been  opened  for  mining 

upon  a  dip  of  12°  or  15°  N.,  60°  W.    It  presents  the  following  divisions  : — 

Fig.  323.— Coal  near       r  1  '  r  o 

"Mountain House."  q^^j        gj^^^^  g  ^^^.-^^^  .  q^^^j^  g  ^j.  g  inches  ;  Slate,  3  Or  4  iuches ;  Coal,  columnar, 

1  foot  6  iuches  ;  Slate,  5  or  6  inches  ;  Coal,  8  inches. 
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This  seam  is  denominated  the  "  Spier  Bed,"  and  is  generally  regarded  as  overlying  the  Big  rock 
sandstone,  and  consequently  as  superior  in  position  to  the  Cook  Bed.  A  second  drift  upon  the 
same  coal  enters  N.E.  of  the  first  opening.  No  change  is  perceptible  in  the  bed,  except  an 
increased  thickness  of  the  upper  dividing-slate,  which  measures  6  inches.  Roof,  blue,  sandy, 
somewhat  micaceous  shale,  1 0  feet  thickness  exposed ;  dip  as  before.  A  short  distance  N.  of 
the  first  mine,  and  at  a  somewhat  lower  level,  a  shaft  was  sunk  from  30  to  40  feet,  but  cut  no 
coal.  It  passed  through  shales  to  a  bluish-grey  variegated  fine-grained  sandstone. 

On  the  cross-roads  at  the  Bethel  Church  the  dips  are  still  W.,  but  an  anticlinal  ranges 
throuo-h  the  hish  o-round  of  the  Hoover  Place,  E.  of  it.  This  throws  E.  dips  into  the  valley  of 
Trough  Creek,  on  which,  near  the  Fort  Littleton  road,  and  fully  a  mile  from  the  Bethel  Church, 
is  the  Old  Houpt  or  Alloway  Mine,  alluded  to  in  an  earlier  part  of  this  Chapter. 

The  waters  of  Long  Run,  which  take  their  rise  from  the  high  W.  slopes  of  the  Broad-Top  to 
the  S.  of  Shreeve's  Hill  and  Round  Knob,  flow  S.  until  they  unite  with  Sandy  Run,  flowing 
more  nearly  W.,  to  enter  the  river  just  above  Hopewell.  The  lower  part  of  the  stream,  outside 
of  the  Coal-measures,  is  usually  denominated  Castillo's  Run.  Observing  the  system  hitherto 
adopted,  we  will  ascend  the  deeply-cut  ravines  occupied  by  these  waters. 

Sandy  Run,  below  its  confluence  with  Long  Run,  a  mile  E.  of  the  river, 
displays  the  coal  strata  more  satisfactorily  than  they  are  developed  on  Six- 
mile  Run. 

Along  the  wide  open  valley  of  Castillo's  Run  the  hill-sides  expose  red 
shale  of  the  Umbral  series,  gently  undulated  by  one  or  two  axes  of  elevation. 
At  the  point  of  the  hill  entering  the  gorge  of  Sandy  Run,  about  half  a  mile  E. 
of  the  Machine  Shop,  a  thorough  cutting  of  the  railroad  exposes  about  75  feet 
thickness  of  rocks  beneath  the  Serai  sandstone  or  conglomerate.  The  lower 
40  feet  comprise  yellow  and  brown  shales  and  sandstones,  including  near  the 
bottom  a  thin  band  of  carbonaceous  slate.  The  upper  35  feet  include  2  feet 
of  blue  ferruginous  concretionary  shale,  some  of  which  has  been  extracted  as 
an  ii'on  ore  ;  also  a  thin  band  of  coaly  matter,  upon  which  repose  rusty  brown 
sandstones.  Entering  the  cut  from  the  W.  the  dips  are  Westerly,  but  roll 
over  gently  into  E.  dips,  and  are  again  lifted  upon  two  abrupt,  narrow 
anticlinal  waves,  descending  finally  beneath  massive  ledges  of  the  Serai  con- 
glomerate. This  latter  rock  flanks  the  point  of  the  hill  on  the  E.,  rising  to  a 
height  of  100  feet  above  the  stream.  It  is  a  white  fine-grained  sandstone  in 
the  lower  part,  becoming  conglomeritic  towards  its  upper  limit.  The  thick- 
ness of  two  ledges  comprising  the  stratum  does  not  exceed  50  feet ;  dip, 
40°  S.  60°  E. 

Close  beneath  a  third  heavy  ledge  of  sandstone,  and  not  more  than  20 
feet  above  the  Serai  conglomerate,  the  lowest  workable  coal-seam  is  opened. 
The  thickness  of  the  bed  is  quite  variable,  ranging  from  4  to  8  feet.  It  is 
comparatively  free  from  slate,  the  only  persistent  band  being  4  inches  thick, 

and  within  a  foot  of  the  top.  324.-Sandy  Run. 

The  second  bed  of  coal  opened  on  Sandy  Run  is  that  mined  by  the  Hopewell  Coal 
Company  one-third  of  a  mile  further  E.    It  is  usually  regarded  as  the  Cook  Bed,  and  is  esti- 
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mated  to  lie  120  feet  liigher  in  the  series  than  the  conglomerate  coal.  In  the  Company's  mine 
it  presents  the  following  dimensions  :— 

Coal,  1  foot ;  Slate,  2  inches  ;  Coal,  with  a  thin  Slate  parting,  3  feet  2  inches  ;  Coal 
,  and  Slate,  1  foot  2  inches. 


In  some  places  the  total  thickness  is  nearly  7  feet,  but  the  bed  at  the 
Fig.  325.-Hopeweii  mine  is  soft  and  crushed.    The  dip  is  65°  E.    In  working  an  air-hole  up  the 

Company  s  Coal.  ^  o  i 

breast  the  bed  turned  flat,  and  it  crops  out  some  distance  back  on  the  hill.  It  is 
overlaid  by  at  least  30  feet  of  hard  grey  sandstone,  and  then  by  argillaceous  fine-grained  strata, 
suitable  for  whetstones.  Slaty  rocks  succeed,  and  then  a  dark-blue,  or  black,  very  argilla- 
ceous limestone,  in  which  no  fossils  could  be  found.  This  stratum  is  8  feet  thick  ;  the 
lower  part  is  ferriferous  :  above  it  a  thin  streak  of  coaly  slate  was  found.  Succeeding  this 
is  the  "  Big  Eock,"  a  stratum  of  massive  white  sandstone  passing  upward  into  a  fine  con- 
glomerate ;  between  the  divisions  are  two  beds  of  slate,  the  lower  of  which  contains  some  nodules 
of  iron  ore.  The  entire  thickness  of  the  deposit  is  not  less  than  50  feet.  Its  position  is  60 
feet  over  the  Hopewell  Company's  Coal-Bed,  and  therefore  about  200  feet  above  the  Serai 
conglomerate  ;  dip,  75°  E. 

High  on  the  hill  above  the  Hopewell  Mine,  a  gangway  has  been  driven  upon  a  coal-seam 
measuring  from  3  to  4  feet  in  thickness,  upon  a  very  gentle  E,  dip.  A  line  of  shafts  has 
followed  the  bed  E.  across  a  shallow  basin,  the  W.  dips  of  which  are  found  to  within  a  few  feet 
of  the  East-dipping  ledge  of  the  Big  Rock.  It  would  appear  to  descend  to  water-level  beneath 
that  rock,  and  if  so,  should  be  found  among  the  slates  below  the  dark  limestone  stratum.  If  our 
identifications  be  correct,  it  corresponds  in  position  to  a  bed  opened  above  Jesse  Cook's  old  mine 
on  Shoup's  Run,  and  to  that  proved  above  the  Broad-Top  Improvement  Company's  lower  mines. 
On  Round  Knob  it  has  not  been  opened. 

The  first  coal-bed  opened  above  the  Big  Rock  is  that  to  which  Squire  Horton  drove  a  short 
tunnel  on  Long  Run,  just  above  its  confluence  with  Sandy.  The  coal  measm-es  1 7  inches  in 
thickness,  and  is  overlaid  by  11  inches  of  coaly  slate  :  dip,  65°  S.  85°  E.  About  30  feet  of  slate 
and  fire-clay  intervene  between  it  and  the  top  of  the  "Big  Rock."  In  the  tunnel  15  feet  of 
shale  overlie  the  bed. 

At  the  tunnel  a  brook  coming  in  from  the  N.  enters  Long  Run.  About  one-fourth  of  a  mile 
up  this  stream,  on  its  E.  bank,  an  opening  has  been  made  upon  a  coal  differing  in  aspect  from 
those  below.  Its  full  thickness  is  not  clearly  shown,  but  seems  to  be,  including  slate,  not  far 
short  of  9  feet.  The  coal  is  rough  and  somewhat  slaty,  but  is  said  to  burn  well.  The  dip  is 
50°  or  60°  W.  Indications  of  a  large  seam  were  seen  on  the  W.  side  of  the  brook  ;  no  doubt  the 
E.  dip  of  the  same.  The  two  outcrops  are  not  100  yards  apart.  Resting  upon  the  coal  is  a  coarse 
dark-blue  sandstone  streaked  with  sparry  quartz,  and  weathering  dark  brown  or  red.  We  have 
seen  that  fragments  of  a  similar  rock  were  found  high  on  Round  Knob.  The  coal  is  perhaps  the 
highest  workable  seam  in  the  region.    The  range  of  the  synclinal  is  S.  through  Che}Tiey  Knob. 

On  Sandy  Run,  200  yards  E.  of  the  "  Big  Rock,"  appear  the  W.  dips  of  the  basin.  Massive 
sandstone  strata  rise  above  water-level  to  descend  again  within  50  yards  upon  an  E.  dip  of  70°. 
The  E.  dips  of  this  sandstone  may  be  seen  on  a  little  stream  called  Mine  Run,  flowing  from  the 
S.  into  Sandy  Run,  near  the  mouth  of  Long  Run,  about  a  fourth  of  a  mile  from  the  Hope- 
well Mine.    The  dip  at  this  point  does  not  exceed  30°,  but  close  above  the  rock  a  coal  is 
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opened,  dipping  75°  or  80°  E.  The  bed  fluctuates  in  thickness  from  3  to  5  feet,  and  is  crushed 
and  soft. 

The  sharp  anticlinal  flexure  just  referred  to  is  supposed  to  be  that  which  ranges  across  Six- 
mile  Kun,  between  Figard  s  Mill  and  Fairplay,  On  Sandy  Eun  it  is  followed  by  a  basin  close 
upon  the  E.  side,  as  the  sandstones  again  appear  upon  a  gentle  W.  dip. 

From  this  point  E.  to  the  head  of  Sandy  Eun,  a  dense  forest  borders  the  stream  and  covers 
the  adjoining  slopes.  Our  data  for  displaying  the  structure  of  the  region  are  limited.  Good 
natural  exposures  are  rare,  and  scarcely  any  excavations  have  been  made.  For  a  mile  ascending 
the  Eun  above  the  last  neighbourhood,  we  find  nothing  to  guide  us  ;  we  then  have  rocks  perhaps 
lower  in  the  series  than  the  former,  dipping  30°  W.  A  fourth  of  a  mile  higher  an  anticlinal 
crosses  the  stream.  The  W.  dips  incline  60°,  the  E.  from  50°  to  60°.  40  feet  of  sandstone  are 
here  visible,  overlaid  by  30  feet  of  olive  shale,  and  this,  by  a  stratum  of  thin-bedded  argillaceous 
bluff  sandstone  1  foot  thick.  The  axis  must  range  to  the  W.  of  Schwartz's  Eidge.  Hence  to 
the  Chivington  Mine  is  a  distance  of  1^  miles  without  exposures. 

The  old  Chivington  Mine  is  situated  upon  the  E.  side  of  the  basin  of  Schwartz's  Eidge  or 
Knob.  The  coal  dips  7°  W.N.W.,  steepening  upon  the  rise  E.  400  yards  below  the  mine  the 
dip  is  gently  E.  The  thickness  of  the  bed  varies  from  5  to  8  feet.  The  roof  is  a  hard,  heavy, 
dark-grey  or  black  slate,  weathering  with  a  pencil  fracture.  No  thick  seams  of  slate  traverse 
the  coal,  which  is  beautifully  iridescent.  About  6  feet  over  the  main  bed  the  presence  of  a 
small  bed  is  indicated  at  the  mouth  of  the  drift.  Within  the  mine,  where  the  roof  had  fallen 
in,  two  such  seams  were  found :  they  measure  nearly  a  foot  each,  and  are  separated  by  6  inches 
of  slate.  We  are  disposed  to  regard  the  Chivington  Bed  as  very  low  in  position,  perhaps  the 
lowest  workable  bed  in  the  series. 

The  few  exposures  observed  on  Wray's  Hill,  E.  of  this  opening,  exhibited  the  rocks  in  a 
nearly  horizontal  posture.  One  bed  of  the  coal  has  been  opened  by  Mr  Foster,  1^  miles  to  E. 
It  is  said  to  be  6  feet  thick,  and  horizontal. 

One  mile  and  a  quarter  N.  of  the  Chivington  Mine,  on  the  side  of  Schwartz's  Eidge,  over- 
looking Long  Eun,  a  bed  5  feet  thick  is  opened.    Its  position  in  the  series  is.  not  determined. 

At  the  extreme  S.W.  end  of  the  Broad-Top,  Kimber's  Eun  enters  the  river.  Hitherto  this 
portion  of  the  coal-field  has  attracted  but  little  attention  ;  and,  indeed,  to  the  S.  of  the  Eun  there 
seems  small  promise  of  finding  any  valuable  beds  of  coal.  Upon  the  Eun,  however,  and  to  the 
N,  of  it,  in  Cheyney  Knob,  occur  some  matters  of  interest. 

About  one-third  of  a  mile  from  the  river  a  rapidly-sloping  ravine  or  depression  converges  to 
Kimber's  Eun.  Ascending  this  hollow,  which  heads  to  the  N.E.  at  the  Cheyney  Ore-bank,  we 
find  the  Serai  conglomerate  a  little  way  above  the  Eun.  It  is  here  a  dense  white  sandstone, 
some  beds  of  which  are  conglomeritic  :  dip,  30°  S.E.  A  short  distance  above  it,  stratigraphically, 
coal  has  been  turned  out  by  the  pick  ;  but  the  bed  has  not  been  regularly  proved.  Upon  the 
hill-side  bordering  the  depression  uj)on  the  W.,  we  find  numerous  exposures  of  slate  dipping  80° 
E.  :  among  these  are  indications  of  coal.  Higher  in  the  series,  massive  cliffs  of  sandstone  stand 
out  from  the  hill-side.  The  dip  of  the  stratum  is  85°  E.  In  character  it  closely  resembles  the 
"  Big  Eock  "  over  the  Hopewell  Company's  mine  on  Sandy  Eun.  Crossing  the  measures  some 
hundreds  of  feet,  we  come  to  a  coal-bed  on  the  slope  of  Cheyney  Knob,  upon  the  E.  side  of  the 
ravine.    Coal  has  been  dug  from  what  apjDears  to  be  a  considerable  seam,  but  the  thickness  of 
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the  bed  is  not  known.  Judging  from  the  polished  surfaces  of  the  fragments,  the  coal  is  some- 
what crushed  and  faulty.  Associated  with  the  bed  are  fragments  of  sandstone,  weathering  deep 
red,  like  that  seen  at  the  opening  on  a  large  coal  in  the  basin  E.  of  the  Hopewell  Mine.  If  it  be 
the  same  stratum,  Cheyney  Knob  must  contain  an  unusual  thickness  of  coal  strata,  for  the  dip 
at  the  shaft  is  stiU  E.,  and  the  hill  towers  high. 

Near  the  head  of  the  hollow,  not  far  from  the  Ore  Bank,  a  band  of  limestone  crops  out  ;  its 
thickness  is  not  ascertained,  but  the  band  is  important.  The  rock  is  a  dove-coloured  and  light- 
blue  very  fine-grained  limestone,  weathering  ochreous  yellow.  It  rests  among  olive  shales,  and 
is  said  to  burn  to  a  bluish-white  strong  lime. 

The  Cheyney  ore-deposit  is  on  the  very  top  of  the  hill,  between  Sandy  Eun  and  Kimber's 
Run.  The  excavation  was  at  one  time  extensive,  and  the  ore,  which  is  of  the  argillaceous  brown 
variety,  was  found  in  irregular  streaks,  imbedded  in  sandy  clay.  The  mine  was  long  since  aban- 
doned, but  whether  for  want  of  ore,  or  because  of  deterioration  in  quality,  we  are  unable  to  say. 

The  first  appearance  of  coal  on  Kimber's  Eun  is  in  the  bed  of  the  stream,  half  a  mile  from 
the  river.  The  bed  is  crushed  and  impure  ;  including  a  thin  slate-parting,  it  is  one  foot  thick. 
It  is  overlaid  by  dense  blue  sandstone,  and  rests  upon  hard  blue  argillaceous  sandstone  and  slate. 
Dip,  52°  S.  67°  E.  ;  strike,  N.  23°  E. 

Two  hundred  feet  higher  up  the  creek,  and  forty  feet  geologically  above  the  small  bed,  two 
seams  have  been  opened.  They  are  each  18  inches  thick,  and  separated  by  6  feet  of  blue  slate  ; 
they  are  overlaid  by  2  feet  of  blue  slate,  supporting  blue  sandstone.  Dip,  55°  S.,  67°  E.  There 
have  been  found  on  the  hill-side  above  this  opening  indications  of  a  higher  bed. 

Two  hundred  yards  up  the  creek  may  be  seen  the  centre  of  the  basin.  The  E.  dips  are  as 
high  as  80°,  the  W.  do  not  exceed  20°.  Of  the  East-dipping  strata  20  feet  of  slate  are  visible  in 
the  bed  of  the  stream,  overlaid  by  whetstone  and  slate,  35  feet  thick,  to  the  change  of  dip.  At 
this  point  a  thick  mass  of  slate  descends  by  a  gentle  curve  W.  to  meet  slate,  dipping  almost 
perpendicularly  at  the  level  of  the  stream.  The  measures  here  exposed  resemble  closely  those 
described  as  overlying  the  Hopewell  Company's  bed  on  Sandy  Eun.  There  appears,  however, 
at  this  point,  a  greatly  increased  thickness  of  slate.  If  the  horizon  be  the  same,  this  great 
development  of  slate  may  arise  from  a  dislocation  in  the  centre  of  the  basin,  by  which  slates 
which  dip  steeply  beneath  the  water-level  are  again  upraised  to  their  present  elevation  above 
the  stream. 

Loose  masses  of  ferriferous  black  limestone  are  found  in  the  run  at  the  basin.  On  the  hill- 
side, sandstone  overlies  the  slate. 

Just  below  the  forks  of  Kimber's  Eun,  and  200  yards  E.  of  the  last  locality,  openings  have 
been  made  into  coal,  but  they  are  now  closed,  and  do  not  admit  of  examination.  The  coal  lies  30 
feet  beneath  a  cliff  of  coarse,  blue,  flaggy  sandstone,  weathering  bro^\Ti  and  yellow,  and  dipping 
N.  70°,  W.  35°.  The  bed  is  said  to  be  4  feet  thick.  Below  it  a  heavy  bedded  sandstone  rises 
gently  E.,  and  flanks  the  hills  on  both  sides  of  the  ravine.  No  indications  of  coal  are  foimd 
ascending  the  run,  and  the  gently  undulating  rise  of  the  sandstone,  which  we  think  is  the  Serai 
conglomerate,  precludes  the  hope  of  finding  any. 

Iro7i  Ores. — In  the  preceding  pages  of  description  we  have  incidentally  referred  to  those 
localities  where  iron  ore  has  been  found  imbedded  in  the  strata  ;  but  in  no  instance  have 
developments  been  made  which  could  lead  us  to  infer  the  presence  of  any  very  valuable  band 
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in  any  part  of  the  Broad-Top  Coal-field.  This  is  particularly  true  of  the  characteristic  arch  of 
the  Coal-measures,  the  argillaceous  carbonate  of  iron.  Perhaps  the  most  favourable  specimens 
of  this  variety  were  met  with  in  the  excavation  of  the  race  of  Figard's  Old  Mill,  on  Six-mile 
Run,  where  a  bed  measuring  12  inches  was  found.  Of  the  argillaceous  brown  ores  few  localities 
exist,  besides  the  Cheyney  pits,  before  described;  but  surface  specimens  of  a  very  good  quality 
are  quite  abundant  on  Josiah  Horton's  land,  N.  of  the  road  from  Fairplay  to  Broad-Top  City, 
one  mile  from  the  former  place.  Scattered  fragments  are  also  found  on  E.  Lynn's  place  (for- 
merly Thomas  Griffith's) ;  but  excavations  for  the  benefit  of  the  Hopewell  Furnace,  many  years 
ago,  led  to  no  encouraging  results. 

AKEAS  OF  THE  COAL -BASINS  OF  PENNSYLVANIA. 

I  cannot  more  appropriately  close  this  elaborate  account  of  the  several  coal-fields  of  the 
mountain-chain  of  the  State  than  by  presenting  a  summary  statement  of  their  several  areas  in 
square  miles.  As  various  and  very  discordant  estimates  of  the  dimensions  of  the  Anthracite 
Basins  have  already  been  published,  I  deem  it  proper  to  mention  that  the  following  have  been 
derived  from  a  careful  equation  and  measurement  of  their  areas  as  these  are  represented  in  the 
Map  of  the  Coal-fields  which  accompanies  this  work ;  and  as  this  Map  is  the  result  of  exact 
instrumental  surveys,  it  is  not  probable  that  the  areas  given  can  deviate  far  from  the  actual 
superfices  of  the  Coal-measures.  For  comparison,  the  Bituminous  and  Semi-bituminous  Coal- 
fields are  also  given. 


Anthracite  Coal-fields, 


Square  Miles. 

^  Southern  or  Tottsville,  ....  122.52 
Eastern  Middle,  .....  28.45 
Western  Middle,  .....  8L53 
Wyoming  or  Northern,        ....  177.43 


409.93 

Semi-bituminous  Coal-field,      Broad-Top  Mountain,  ....  23.80 

All  the  Coal-measures  N.W.  of  the  Alleghany  Mountain, 

with  the  N.  end  of  the  Cumberland  Basin  in  Bedford,    1 2222.04 


Bituminous  Coal-fields, 


{ 


Total  in  Pennsylvania,       .  12655.77 
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NINTH  PALAEOZOIC  DISTRICT,  OR  BITUMINOUS  COAL-FIELDS  AND  THEIR 
ASSOCIATED  OLDER  CARBONIFEROUS  STRATA. 


DIVISION  I. 

VESPERTINE  AND  UMBRAL  SERIES  IN  THE  BITUMINOUS  COAL  REGION  OF 

PENNSYLVANIA, 

TOPOGRAPHICAL  RELATIONS  OF  THE  VESPERTINE  AND  UMBRAL  SERIES. 

It  has  been  shown  that  in  the  Anthracite  region  the  several  coal-basins  are  encircled  by  a  con- 
tinuous belt  of  the  Vespertine  rocks,  the  conglomerate  of  this  series  constituting  a  second  or  outer 
barrier  to  each  coal-field.  In  like  manner  the  whole  Bituminous  coal  region,  and  each  subdivi- 
sion or  basin,  is  enclosed  by  a  girdle  of  the  same  formation.  A  marked  difference,  however,  pre- 
vails in  the  topographical  features  connected  with  the  Vespertine  outcrops  in  the  two  districts  :  in 
that  of  the  Anthracite  a  deep  valley  intervening  between  the  Serai  and  Vespertine  ridges,  being 
scooped  out  of  the  soft  Umbral  Red  Shale  in  virtue  of  its  great  thickness  and  high  angle  of  dip  ; 
while  in  the  Bituminous  region  only  a  gentle  depression,  the  consequence  of  much-reduced  dimen- 
sions and  comparative  horizontality,  divides  the  outcrops  of  the  two  harder  formations.  By  the 
great  diminution  in  the  thickness  of  the  Red  Shales,  the  Vespertine  conglomerate  is  brought  nearer 
to  the  true  coal-rocks,  and  forms  with  the  Serai  conglomerate  but  one  general  elevated  rim  or  border 
to  the  several  basins.  The  deep  erosion  of  the  softer  underlying  argillaceous  formations,  the 
Ponent  and  Vergent  rocks,  has  left  these  harder  and  more  resisting  strata  relatively  high,  forming 
the  margins  of  the  synclinal  plateaus  of  the  Coal-measures.  In  tracing  the  boundaries  of  the  several 
coal-fields  in  the  introduction  to  Book  VIII.,  we  have  been,  in  fact,  delineating  the  extensive 
outcrop  of  the  whole  of  the  associated  Vespertine  and  Umbral  series,  and  therefore  any  further 
description  of  this  sort  seems  altogether  unnecessary.  The  reader,  in  tracing  the  course  of  the 
several  belts  of  these,  to  which  the  map  and  sections  will  prove  his  surest  and  easiest  guide,  has 
merely  to  bear  in  mind,  that  the  outer  edge  of  the  Vespertine  series,  formed  by  the  base  of  the 
Conglomerate,  usually  occupies  a  position  in  the  escarpment  of  the  Alleghany  Mountain,  and 
the  other  elevated  plateaus  of  the  coal,  about  midway  between  the  base  and  summit  ;  all  the 
lower  slopes  being  formed  by  the  Ponent  strata.  The  upper  margin  of  the  series  coincident  with 
the  top  of  the  Umbral  Red  Shale,  follows  the  inner  edge  of  the  depression  I  have  alluded  to, 
separating  the  Vespertine  from  the  Serai  conglomerate.  This  latter  form^ation  generally  capping 
the  highest  summits  or  crests  of  these  table-lands,  the  Umbral  Red  Shales  occupy  in  such  cases 
a  sort  of  elevated  terrace  or  shoulder  on  the  mountains,  a  little  below  their  actual  tops.  In  those 
great  anticlinal  belts,  such  as  Laurel  Hill  and  Chestnut  Ridge,  where  the  denuding  waters  have 
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not  penetrated  to  the  Ponent  and  Vergent  strata,  the  Vespertine  rocks  occupy  the  higher  flanks, 
and  even  the  summits,  of  the  mountains  which  sustain  the  Serai  conglomerate  and  the  Coal- 
measures  at  a  subordinate  elevation  on  their  slopes. 


CHAPTER  1. 

VESPERTINE  CONGLOHIERATE.-GEOGEAPHICAL  DISTEIBUTION. 

The  geographical  range  of  the  Vespertine  sandstone  seems  to  be  coextensive,  at  least  in  the 
region  of  Pennsylvania  and  Ohio,  with  that  of  the  great  Bituminous  coal-basin.  It  not  only 
forms  the  S.E.  border  of  the  coal  throughout  the  entire  length  of  the  main  escarpment  of  the 
Alleghany  Mountain  in  Pennsylvania,  but  skirts  it  on  its  N.  W.  side,  extending  the  whole  way  into 
Ohio.  Along  its  outcrop  in  the  Alleghany  Mountain,  it  is  everywhere  separated  from  the  Serai 
conglomerate  and  sandstones  by  a  considerable  thickness  of  the  Umbral  Red  Shale ;  but  this 
latter  formation  thinning  out  upon  the  N.  border  of  the  coal  region  in  its  course  towards  the  W., 
the  more  widely  spread  Vespertine  sandstone  becomes  the  immediate  floor  of  the  Serai  series. 
This  coahtion  takes  place  by  the  final  exhaustion  of  the  Red  Shale  near  the  head-waters  of 
the  Sinnemahoning.  By  a  similar  disappearance  of  all  the  rocks  of  the  Ponent  series  in  the 
same  direction,  the  Vespertine  sandstone  comes  into  contact,  on  the  other  hand,  with  the  Vergent 
strata  ;  and  this  contact  occurs  in  the  same  region,  or  near  the  middle  part  of  the  N.  boundary 
of  the  Bituminous  coal  district.  The  near  resemblance  in  lithological  composition  of  the  Vesper- 
tine strata,  here  exhibiting  the  type  of  a  very  argillaceous  group,  and  the  Vergent  rocks,  renders 
their  recognition  in  the  field  of  their  common  boundary  not  a  little  uncertain  ;  especially  as  there 
is  a  great  scarcity  of  definitive  fossils  in  the  Vergent  series,  until  we  penetrate  to  some  depth 
within  its  upper  strata.  Thus  limited  by  the  Serai  rocks  above  and  the  Vergent  beds  beneath, 
the  Vespertine  sandstone  skirts  the  coal  region  from  the  head-waters  of  the  Clarion  westward, 
and  forms  in  part  the  N.W.  boundary  of  the  Great  Basin,  the  whole  distance  to  the  Ohio  River, 
and  even  into  Kentucky. 

MODIFICATIONS  IN  THE  TYPE  AND  THICKNESS  OF  THE  VESPEETINE  SANDSTONE  IN 

THE  BITUMINOUS  COAL  EEGION. 

In  the  escarpment  or  S.E.  front  of  the  Alleghany  Mountain  of  Pennsylvania,  the  Vespertine 
sandstone,  no  longer  possessing  the  coarseness  of  a  conglomerate,  is  an  argdlo-silicious  group 
of  strata,  consisting  of  white,  grey,  and  yellowish  sandstones,  with  interstratified  beds  of 
dark  shale  and  slate.  Some  of  the  shales  resemble  very  closely  in  colour  and  composition 
those  of  the  true  Coal-measures,  and  they  embrace  occasional  layers  of  dark  carbonaceous  slate, 
not  unlike  that  which  covers  many  coal-seams.  They  are  generally  destitute,  however,  of  the 
characteristic  vegetable  fossils,  and  nowhere  present  us  with  beds  of  genuine  coal.  In  this  S.E. 
belt,  or  that  of  the  Alleghany  Mountain,  the  general  thickness  of  the  formation  is  between  800 
and  900  feet.  Thus  in  the  bold  hills  on  Pine  Creek,  between  the  main  stream  and  the  first  fork — 
that  is  to  say,  about  5  or  6  miles  N.W.  of  the  front  of  the  Alleghany  Mountain — the  strata 
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measure  850  feet.  On  the  Old  Portage  Railroad,  along  the  front  of  the  great  escarpment,  the 
whole  formation  is  of  rather  less  dimensions,  being  not  more  than  750  feet  in  total  thickness, 
including  certain  strata  that  form  a  passage  between  it  and  the  underlying  Ponent  rocks. 

This  portion  of  the  Vespertine  series,  in  extending  N.W.,  loses  more  and  more  its  distiuctive 
arenaceous  character.  We  have  seen  already,  that  in  the  interval  between  the  more  N.W.  belts, 
in  the  Anthracite  region,  and  the  Alleghany  Mountain,  the  nearest  outcrop  of  the  Bituminous 
Coal-basins,  it  undergoes  so  marked  a  reduction  in  the  size  of  its  particles  as  to  be  no  longer 
entitled  to  the  name  of  conglomerate  :  and  we  now  observe  in  advancino-  across  these  latter 
basins,  that  this  general  modification  in  the  character  of  the  stratum  continues,  the  sandstone 
becoming  more  and  more  argillaceous  and  fine-grained,  and  the  shales  and  slates  augmenting 
in  relative  abundance.  Accompanying  these  changes,  there  is  a  progressive  and  very  perceptible 
declension  in  the  thickness  of  the  stratum  in  the  same  direction.  Thus,  at  Ralston,  which  is  in 
the  second  basin  from  the  Alleghany  Mountain,  the  formation,  as  now  limited  by  us,  consisting 
of  grey  and  brownish  flaggy  argillaceous  sandstone,  some  shales,  and  a  little  argillo-carbonaceous 
sandstone,  presents  a  total  thickness  not  exceeding  475  feet;  and  around  the  Towanda  Coal-field, 
which  is  further  N.,  but  in  the  same  general  belt,  it  measures  from  600  to  650  feet.  Tracing  it  still 
further  to  the  N.W.,  we  find  its  thickness  diminishing  progressively,  and  at  the  N.E.  end  of  the 
sixth  or  last  basin,  namely,  in  M'Kean  County,  in  the  vicinity  of  Smethport,  it  is  reduced  to  less 
than  200  feet.  From  this  district  S.W.,  through  Warren  and  Crawford  counties,  this  formation 
changes  its  dimensions  and  its  aspect  much  more  slowly,  inasmuch  as  in  this  part  of  its  outcrop 
it  is  receding  less  rapidly  from  its  S.E.  margin,  where  it  possesses  its  greatest  development. 
Starting  from  the  S.E.  part  of  the  S.E.  outcrop,  and  comparing  it  as  it  reappears  in  the  successive 
anticlinals  which  uplift  it  in  Somerset  and  Westmoreland,  we  perceive  it  to  undergo,  in  that 
quarter  likewise,  the  same  diminution  of  mass  and  reduction  in  coarseness  from  S.E.  to  N.W. 
In  Laurel  Hill,  at  the  gorge  of  the  Conemaugh,  its  thickness  probably  does  not  exceed  650  feet, 
whereas  upon  the  Portage  Railroad  it  is  not  less  than  750  feet. 


CHAPTER  11. 

UMBRAL  RED  SHALE.— GEOGRAPHICAL  DISTRIBUTION. 

This  formation,  which  possesses  so  remarkable  an  expansion  in  the  Anthracite  district,  having 
a  thickness  at  its  maximum  of  at  least  3000  feet,  undergoes,  like  the  Ponent  deposits,  which  it 
much  resembles  in  composition,  a  very  rapid  abatement  of  its  bulk  as  it  ranges  N.W.,  and,  like 
that  group,  altogether  ceases  to  be  traceable  before  we  reach  the  sources  of  the  Sinnemahoning. 
It  exhibits  a  continuous  but  thin  outcrop  along  the  whole  line  of  the  Alleghany  Mountain  ;  but 
even  in  that  belt  it  is  of  very  subordinate  importance  to  the  Vespertine  sandstone.  Though  it 
does  not  spread  far  W.  along  the  N.  border  of  the  Great  Bituminous  Coal  region,  there  can  be 
little  doubt  of  its  wide  expansion  in  that  direction,  under  the  coal-rocks  of  the  S.  side  of  the 
slate,  as  will  presently  appear  when  we  compare  the  dimensions  of  the  stratum  as  seen  in  its 
various  outcrops. 
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MODIFICATIONS  IN  THE  TYPE  AND  THICKNESS  OF  THE  UMBKAL  BED  SHALE  IN  THE 

BITUMINOUS  COAL  KEGION. 

The  very  uniform  character  which  this  formation  retains  throughout  the  Anthracite  region, 
gives  place  to  one  a  little  more  diversified  in  the  Bituminous  Coal  region.  We  have  already 
seen,  that  in  the  most  N.W.  outcrops  of  the  former  district — those  near  the  Wyoming  Basin — 
it  begins  to  lose  the  monotonous  composition  of  a  simple  red  shale,  and  to  acquire  a  somewhat 
new  type  by  the  introduction  of  grey  and  greenish  shales,  and  grey  argillaceous  sandstones.  In 
that  portion  of  the  Bituminous  Coal  region  which  lies  opposite  to  the  Anthracite  district,  this 
Umbral  series  exhibits,  in  even  a  higher  degree,  this  character  of  an  alternating  group.  It  con- 
sists usually  of  two  or  more  strata  of  soft  red  and  variously-coloured  shales,  separated  by  a  thick 
interposed  body  of  grey  flaggy  sandstone.  Throughout  all  this  northern  district  there  is  the 
same  general  deficiency  of  calcareous  matter  which  is  visible  in  the  red  shale  surrounding  the 
Anthracite  basins.  There  is,  however,  a  very  much  greater  proportion  of  the  ferruginous  ingre- 
dient. It  has  been  already  shown,  in  the  description  of  the  Lackawanna  Coal-field,  that  the 
Umbral  shales  even  there  contain,  near  their  contact  with  the  Serai  conglomerate,  a  considerable 
quantity  of  iron  ore,  in  the  form  of  a  rather  crude  silicious  protocarbonate  of  iron.  This  ore  is 
perceptibly  more  abundant,  richer,  and  less  silicious,  in  the  part  of  the  Bituminous  Coal  region 
now  under  consideration. 

Tracing  the  formation  S.W.,  along  the  E.  escarpment  of  the  Alleghany  Mountain,  and  in  the 
several  antichnals  to  the  W.  of  this,  in  Somerset,  Westmoreland,  and  Fayette  counties,  it  gradu- 
ally assumes  a  type  more  removed  from  that  of  the  Anthracite  region.  The  chief  jDortion  of  the 
mass  consists  of  the  characteristic  soft  red  clay -shale  ;  but  it  includes  a  larger  portion  of  blue, 
greenish,  and  yellowish  shale  or  marl,  and  a  less  amount  of  intercalated  sandstone  than  belongs  to 
the  stratum  further  N.  It  contains  also  a  less  abundant  share  of  iron  ore  ;  but  the  feature  which 
specially  distinguishes  it  in  this  district  is  its  calcareous  matter,  the  quantity  of  which,  gradually 
augmenting,  becomes  very  conspicuous,  under  the  form  of  a  distinct  limestone  stratum,  as  we 
approach  the  S.  side  of  the  State.  The  limestone  shows  itself  near  the  base  of  the  formation, 
appearing  in  the  more  E.  outcrops,  namely,  near  the  Broad-Top  Basin,  and  in  Somerset  County, 
in  the  form  of  a  very  thin  but  continuous  stratum,  enlarging  gradually  but  regularly  in  its 
extension  W.  and  S.W.,  until,  upon  the  confines  of  Pennsylvania  and  Virginia,  it  assumes  the 
magnitude  of  an  important  sub-formation.  In  this  thin  calcareous  member  of  the  Umbral  series 
of  our  State,  we  may  recognise  the  nearly  vanished  marginal  portion  of  one  of  the  thickest  and 
most  extensive  of  all  the  Appalachian  strata  of  the  States  to  the  S.W.  and  W.  of  us.  It  is 
nothing  else  than  the  nearly  exhausted  edge  of  the  great  Carboniferous  or  Umbral  limestone  of 
Virginia,  Tennessee,  Alabama,  Kentucky,  Indiana,  Illinois,  Missouri,  and  regions  still  more  remote, 
in  many  of  which  districts  this  rock  is  the  principal  or  only  Umbral  formation. 

Details. — Let  us  now  examine  more  in  detail  the  features  of  this  interesting  Umbral  Eed 
Shale  as  they  appear  in  some  of  the  clifierent  localities  where  it  has  been  studied.  Proceeding  as 
usual  S.W.,  the  district  which  first  demands  our  attention  is  that  of  Bradford,  Lycoming,  and 
Clinton  counties. 

In  the  First  Coal  Basin,  or  that  of  the  Alleghany  Mountain,  the  formation  possesses  the  com- 
position shown  in  the  following  sections  derived  from  localities  near  the  West  Branch  of  the 
.  Susquehanna. 
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Fig.  326.— Lick  Run. 


Ou  Lick  Run,  near  Farrandsville,  we  meet  with  the  following  alternations  of  Eed  Shale  and 
Grey  Sandstone  :  Ascending  (see  Fig.  326),  first,  above  the  true  Vespertine 
Sandstone,  which  here  contains  a  few  thin  courses  of  scattered  white  pebbles, 
is  a  bed  of  soft  Red  Shale,  about  65  feet  thick,  and  containing  two  bands  of 
nodular  iron-ore.  To  this  succeeds  a  stratum  of  Grey  Sandstone,  very  analo- 
gous in  aspect  to  the  underlying  Vespertine  Sandstone  ;  this  is  not  less  than 
250  feet  in  thickness.  Upon  this  there  lies  another  Red  Shale,  measuring,  as 
nearly  as  could  be  ascertained,  30  feet.  Above  this  Upper  Red  Shale  com- 
mences the  true  Coal-formation,  here  introduced  by  a  mass  of  flaggy  white 
sandstone,  the  true  character  of  the  Serai  Conglomerate  not  appearing.  One 
of  the  layers  of  iron  ore  in  the  Red  Shale  is  6  inches  thick  ;  the  other,  20 
feet  higher,  is  10  inches.    The  quality  is  good,  but  the  quantity  insufficient. 

On  Queen's  Ru7i,  which  is  a  few  miles  E.  of  the  previous  locality,  the 
condition  of  things  is  essentially  the  same.  Here  the  upper  bed  of  Red  Shale 
is  25  feet  thick,  and  the  dividing  sandstone  230  feet.  The  Upper  Red  Shale 
contains  the  two  layers  of  iron  ore  seen  at  Lick  Run  :  they  are  separated  by 
variegated  Red  and  Yellow  Clay -shale. 

In  the  Second  Coal-basin  the  formation  exhibits,  at  Ralston  on  Lycoming 
Creek,  where  only  a  part  of  it  is  visible,  very  nearly  the  same  type,  being 
composed  of  two  beds  of  Red  Shale,  and  an  intermediate  stratum  of  Grey 
Sandstone.  The  principal  differences  are  in  the  less  degree  of  thickness  of 
this  sandstone,  and  in  the  position  of  the  iron  ore  which  here  occurs  near  the 
top  of  the  Upper  Red  Shale,  and  not,  as  near  Farrandsville,  in  the  Lower. 

The  section  of  the  strata  on  Red  Run,  about  three  miles  from  Ralston  (see  Fig.  327),  displays 
the  following  rocks  of  the  Umbral  series,  in  the  descending  order  : — 

1.  Blue  and  Red  mottled  Clay-Shale,  containing  much  excellent  Carbonate  of  Iron  in  nodules, 
14  feet  ;  2.  Grey  Sandstone,  100  feet ;  3.  Red  Shale,  50  feet. 

The  iron  ore  is  imbedded  in  a  mottled  shale  immediately  under  the  Serai 
conglomerate.  The  layer  of  shale  in  which  it  is  imbedded  is  in  all  about 
6  feet  thick,  and  the  ore  constitutes  perhaps  one-half  of  the  bulk  of  the  mass. 
It  will  be  mentioned  again  in  the  chapter  on  the  Coal  Rocks  of  this  Second 
Basin. 

In  the  Third  Coal-basin,  at  Blossburg,  and  farther  S.W.,  the  Umbral  Red 
Shale  presents  the  same  triple  character.  The  iron  ore  characteristic  of  the 
Upper  Bed  of  Red  Shale  is  here  met  with  imbedded  in  olive-coloured  shale, 
immediately  beneath  the  Serai  conglomerate.  Some  of  this  ore  possesses  a  curious 
oolitic  structure  :  it  wiU  be  spoken  of  again  in  the  chapter  treating  of  the  Coal 
Formation  at  Blossburg ;  and  its  chemical  composition  may  hereafter  be  fur- 
nished in  the  Table  of  Analyses. 

When  we  advance  to  the  Fourth  Basin,  or  that  North  of  Wellsborough,  we 
lose  all  traces  of  the  formation,  except  a  thin  deposit  of  the  Red  Iron  Ore 
imbedded  in  a  narrow  layer  of  shale.    The  horizon  of  this  iron  ore,  which  is  externally  dis- 
coverable by  the  ochreous  springs,  and  accumulation  of  Bog  Ore  issuing  from  it,  is  discernible  • 
even  in  the  First  Basin,  and  also  on  the  Cowanesque,  and  in  the  vicinity  of  Coudersport.    It  is 
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a  good  guide  to  the  boundary  which  separates  the  Vespertine  Sandstone  from  the  Serai  con- 
glomerate. 

Transferring  our  attention  now  from  the  country  N.E.  and  N.  of  the  Susquehanna  to  the 
region  of  the  Conemaugh,  we  find  this  upper  Umbral  formation  to 
undergo  a  great  increase  of  thickness,  and  to  change  materially  in  some 
of  its  features.  In  the  Alleghany  Mountain,  on  the  Portage  Railroad,  it 
consists  of  two  portions,  a  thick  stratum  of  red  shale,  measuring 
370  feet,  and  a  bed  of  very  arenaceous  Hmestone  under  this,  which 
measures  30  feet.  Between  this  limestone  and  the  great  Vespertine 
sandstone  only  a  very  thin  stratum  of  the  red  shale  here  intervenes. 
The  limestone  is  characterised  by  the  great  distinctness  of  the  oblique 
planes  of  deposition  of  its  more  sandy  layers.  These  meet  each  other  at 
various  angles  in  separate  unconformable  groups.  No  independent  thick 
mass  of  grey  sandstone,  such  as  enters  into  the  formation  in  the  region 
of  the  Susquehanna,  is  to  be  met  with  in  this  more  Southern  district. 

Crossing  the  Coal-basins  N.W.,  we  find  the  Umbral  red  shale 
exposed  on  the  Conemaugh,  near  the  viaduct  of  the  Portage  Railroad, 
and  again  in  the  anticlinals  of  Chestnut  Ridge  and  Laurel.  Hill. 

The  following  table  represents  the  strata  as  they  exhibit  themselves 
in  descending  order  on  the  Pennsylvania  Railroad,  S.E.  side  of  Laurel 
Hill,  Conemaugh  Gap  : — 


Umbral. — Serai  coarse  gi-ey  sandstone,  from  50  to  60  feet ;  grey  argillaceous  sandstone, 
8  feet;  white  sandy  shale  (with  grey  oolitic  ore,  from  6  to  12  inches)  G  or  8  feet ;  white  argil- 
laceous sandstone  and  sandy  clay  with  irregular  beds  of  ore  shale,  30  feet ;  white  ore  in 
ferruginous  shale,  3  feet ;  sandy  shale,  2  feet ;  red  shale,  visible,  25  feet ;  interval,  red 
shale  (?)  150  feet ;  red  shale,  50  feet ;  white  argillaceous  sandstone,  20  feet ;  light  blue 
sandy  limestone,  including  1  foot  of  red  shale,  50  feet. 

Vespertine. — Grey  calcareous  sandstone,  &c.  400  +  feet. 
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Fig.  328.— S.E.  side  of  Laurel 
Hill,  Conemaugh  Gap. 
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In  the  following  section,  which  is  appended  for  comparison,  the  top  of  the  formation  is  not 
clearly  recognised,  yet  there  is  an  obvious  reduction  of  thickness  of  the  mass.  Umbral  strata 
visible  on  N.  side  of  Conemaugh  River,  at  Conemaugh  Furnace, 
N.W.  side  of  Laurel  Hill  :— 

Serai,  loose,  coarse,  and  fine  pebbly  sandstone  (?)  ;  red  and  green  marl 

alternating,  red  predominant,  including  a  few  thin  sandy  layers,  35  feet ;  grey  fine- 
grained sandstone,  5  or  6  feet;  impure  white  ore,  from  1  to  3  inches ;  alternating  red 
and  green  shale,  bands  of  sandstone,  including  6  inches  coarse  ore,  17  feet;  argillaceous 
sandstone,  3  feet ;  red  shale  and  gi-een  argillaceous  sandstone,  3  feet ;  red  shale, 
cutting  out  coarse  grey  sandstone,  10  feet  ;  red  and  green  shales  and  argillaceous 
sandy  beds,  8  feet;  calcareous  sandstone,  10  to  12  feet;  red  sandy  limestone,  3 
feet ;  light  bluish-grey  sandy  limestone,  thick-bedded  and  very  oblique,  40  feet  ; 
Vespertine  sandstone,  coarse  grey  and  obliquely  bedded,  several  hundred  feet  visible 
on  N.  side  of  river. 


3,0  0  Il^daiLdfireenmart,thin8i 
layers  ' 

fi  0-G  0    Fine  ^rey  SaruLftone 

II  1-0  3    I inpure  white  ore 

Red  and  green  Shale,  bands 

17  0  Sandst.  &  coarse  impure  are 

^3  0  Araillaceous  Sandstone 

3  0  Red  Shale 

10  0  Red  Sh.  <t  grey  coarse  Sandst. 
-8  0  Red  andgreen  Sh,,  sandybeds 
,10  0-12  OCalcareo-js  Sandstmie 


3  0 


Rsd  sandy  LiniestOMe 


Light  blue-grey  sandy  Ltme- 
stone,  thick-bedded  aM  oblitjtte 


res2>ertine 


Coarse  .Sandstone,  stvfrai 
hundred  feet  visible 


Fio. 


329.— N.W.  side  of  Laurel  Hill, 
Conemaugh  Furnace. 


The  strata  are  well  exposed  on  the  Pennsylvania  Railroad  in 
the  W.  half  of  Chestnut  Ridge  Gap,  as  follows  :— 

Seral  {V)—Coal,  1  foot ;  green  shale  and  iron  ore,  75  feet ;  argillaceous  sandstone  and  shale,  45  to  50  feet ;  shale, 
15  feet ;  Coal,  2  feet  4  inches  ;  calcareous  shale  and  fire-clay,  10  feet. 


472 


BITUMINOUS  COAL  -  FIELD. 


-15  0 

■Ji  0 


iaa 


.CO  0 


Umbbal,  195  feet. — Interval,  red  shale  (1)  2.i  feet;  red  marl  or  shale,  50  feet ;  grey  sandstone,  5  feet ;  red  marls, 

20  feet ;  sandy  limestone,  40  feet  j  olive  shale,  faint  vegetable  impressions, 
55  feet. 

Vespertine,  339  feet. — White  coarse  quartzose  sandstone,  with  diagonal 
bedding,  containing  vegetable  remains,  120  feet ;  light  grey  sandstone,  obhquely 
bedded,  weathering  brown,  50  feet ;  alternation ;  blue  sandy  shales,  and  gi-een  and 
.,8p  purplish  marls,  35  feet ;  light  blue  massive  sandstone,  15  feet;  greenish  and 
blue  marl,  6  feet ;  light-grey  micaceous  and  argillaceous  sandstone,  including 
" °  2  feet  of  calcareous  breccia  8  feet  fi-om  bottom,  48  feet ;  dark  ferruginous 
shales,  iron-ore  balls,  10  feet;  light-grey  fine  micaceous  sandstone,  massive, 
some  shaly  beds,  vegetable  remains,  55  feet. 

Vergent,  365  +  feet. — Olive  shales,  thick-bedded  argillaceous  fine-grained 
sandstone,  dark-olive  shales  and  flaggy  sandstone,  with  small  carbonised  stems, 
fucoids,  110  feet;  interval,  15  feet ;  olive  shales,  layers  of  fucoidal  grey  argil- 
.110  0  laceous  sandstone,  some  of  them  containing  small  pebbles,  30  feet ;  interval,  15 
feet ;  thin-bedded  fine-grained  light-grey  sandstone,  with  scolithus  and  fucoids, 
20  feet  ;  dark  olive  and  blue  shales,  60  feet ;  fine-grained  greenish  micaceous 
sandstone,  15  feet  to  railroad  level  at  fault,  10  feet  upthrow  on  E  side;  oUve 
-ISO  shales,  some  layers  fossiliferous,  100  feet  to  river-level,  loose  lump  containing 
fish  scales  (?) 

In  extending  W.,  the  Umbral  limestone  grows  gradually  less 
sandy,  and  one  division  of  it  becomes  charged  with  character- 
istic fossils  such  as  Producta  and  other  forms,  distinctive  of 
this  part  of  the  carboniferous  period.  In  the  Chestnut 
Ridge,  as  our  section  shows,  the  upper  part  of  the  formation  is 
composed  of  variegated  shales,  red,  green,  blue,  and  even  l^lack. 
Some  of  these  are  carbonaceous,  and  distinct  seams  of  coal 
are  met  with  in  them  in  more  than  one  locality,  showing 
that  even  previous  to  the  production  of  the  Serai  conglomerate, 
there  had  arisen  that  curious  union  of  circumstances  which 
resulted  in  the  formation  of  this  inestimable  gift  of  nature. 

At  Cool  Spring  Furnace  we  find  two  beds  of  coal,  each 
about  one  foot  thick,  imbedded  in  these  shales  beneath  the  con- 
glomerate. Under  the  coal-bearing  portion  of  the  shale  there  occurs  a  bed  of  blue  protocar- 
bonate  of  iron,  in  three  layers  of  irregular  nodules,  some  of  which  have  a  diameter  of  several  inches. 

It  is  not  probable  that  any  large  deposits  of  coal  will  be  found  in  the  stratum  of  shale, 
inasmuch  as  the  Serai  conglomerate  appears,  with  some  exceptions  in  the  N.W.  counties,  to 
underlie  the  lowermost  workable  coal-bed  in  aU  the  coal-basins  in  our  State ;  but  as  a  depository 
of  ore,  it  merits  close  investigation.  This  stratum  is  well  exposed  on  the  Loyalhanna  near 
Youngstown  :  here  its  beds  are  red  and  blue,  well  laminated  and  compact,  and  dip  10°  nearly 
due  W.    The  thickness,  from  approximate  measurements,  must  be  90  feet. 

The  Umbral  limestone  can  be  traced  from  the  Conemaugh  to  the  S.  side  of  the  State,  along 
each  of  the  main  anticlinals.  Throuo-hout  this  region  it  is  a  more  or  less  silicious  limestone,  or  a 
limestone  containing  a  smaU  quantity  of  pure  and  well-rounded  grains  of  sand,  and  it  is  of  fine 
texture,  and  of  a  light-blue  colour,  though  sometimes  its  tint  is  yellowish-green.  On  the  national 
road  it  is  found  on  the  first  ridge,  and  also  on  the  main  mountain ;  in  the  former  case  dipping 


Fig.  330. — Section  of  Strata  exposed  on  Penn- 
sylvania Railroad,  in  western  half  of  Chest- 
nut Ridge  Gap. 
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W.  15°  N.,  at  an  angle  of  25°.  It  lies  in  layers  of  from  1  to  10  feet  or  more  in  thickness,  separated 
hj  bands  of  calcareous  shale.  The  upper  part  is  remarkably  full  of  fossils,  as  is  also  the 
interv^ening  shale.  On  the  Loyalhanna  there  are  two  beds  or  layers  exposed,  separated  by  a 
thick  bed  of  red  and  yellow  shale,  containing  a  few  bands  of  limestone.  The  lower  bed  is  a  most 
singular  rock,  of  a  light-blue  colour,  and  very  hard ;  it  breaks  with  a  semi-conchoidal  fracture :  it  dips 
nearly  due  W.,  at  an  angle  of  1 0°,  Occasionally  the  yellow  colour  predominates,  giving  the  rock 
the  exact  appearance  of  some  varieties  of  serpentine.  When  exposed  to  water  it  decomposes, 
the  calcareous  matter  being  washed  away,  leaving  a  porous  and  silicious  crust  of  an  inch  or  two 
in  thickness,  which  will  not  effervesce.  This  bed  measures  30  feet  in  thickness,  being  a  nearly 
solid  rock,  without  a  seam.  The  upper  rock  is  of  a  darker  colour,  harder  and  more  fossiliferous, 
and  4  feet  in  thickness.  At  other  points  on  Chestnut  Eidge,  this  rock  is  met  with  having  a 
considerable  thickness,  but  no  opportunity  was  there  afforded  for  accurately  measuring  it. 

On  the  Conemaugh,  this  stratum  is  exposed  on  both  sides  of  the  axis,  dipping  both  E.  and 
W.  There  is  reason  to  believe  that  small  quantities  of  lead  and  zinc  ore  may  be  detected  in  the 
lower  beds  of  this  deposit,  particularly  on  Chestnut  Eidge,  where  it  seems  to  have  reached  its 
greatest  development.  Eegarding  it  and  the  accompanying  red  and  variegated  shales  as  belong- 
ing to  the  Umbral  formation,  underlying  the  W.  Coal-measures,  the  whole  group  will  be  seen 
to  be  much  thicker  here  than  further  North-eastward,  especially  along  the  Alleghany  Mountain, 
while  its  features  are  more  characteristic.  The  dark  -  blue  bed  of  limestone,  which  is  full  of 
fossils,  usually  affords  an  excellent  lime. 

On  the  Youghiogheny,  about  a  mile  above  its  falls,  both  beds  of  the  limestone,  the  fossili- 
ferous and  arenaceous,  are  well  exposed,  and  have  a  thickness  of  30  feet.  The  underlying 
Vespertine  sandstone  is  well  seen  along  Sherman's  Eun.  Beneath  the  clearly-defined  outcrop 
of  the  massive  Serai  rocks,  loose  pieces  of  the  iron  ore  peculiar  to  this  position  are  seen  in  the 
upper  part  of  the  red  shale. 

The  Vespertine  and  Umbral  series  nowhere  reappear  in  the  S.  part  of  the  Bituminous  Coal 
region  W.  of  the  great  anticlinal  of  Chestnut  Eidge.  The  reader  will  find  a  detailed  description 
of  this  interesting  division  of  our  Appalachian  Eocks,  under  their  more  Southern  type,  in  the 
reports  upon  the  Geological  Survey  of  the  State  of  Virginia.  In  a  preceding  part  of  the  present 
work  we  have  detailed  the  special  characters  which  the  series  displays  in  the  synclinal  basin  of 
Trough  Creek  Valley,  bordering  the  Broad-Top  Coal-field. 
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DIVISION  11. 

GENERAL  VIEW  OF  THE  BITUMINOUS  COAL  STRATA.  ' 


INTRODUCTORY  CHAPTER.' 

STRATIGRAPHICAL  AERANGEMENT   OF  THE   COAL-MEASURES   OF  WESTERN 

PENNSYLVANIA. 

Under  the  general  view  of  the  Serai  series  or  Coal  strata,  I  have  already  described  (see 
Introduction  to  Book  VIII.)  the  composition  of  the  Bituminous  Coal-measures  of  Western  Penn- 
sylvania, and  classified  them  under  the  five  groups  into  which  they  are  naturally  divisible  ;  but 
a  further  more  minute  subdivision  is  called  for  in  this  place,  to  enable  tlie  reader  to  foUow 
readily  the  detailed  account  of  the  coal-beds  and  other  individual  strata  to  be  treated  of  in  the 
following  chapters. 

The  annexed  analysis  of  the  Western  Coal-measures  is  not  offered  as  an  exhibition  of  their 
type  universally  throughout  the  basin,  for  that  would  be  to  assume,  contrary  to  what  has  been 
already  stated,  that  every  member  of  the  series  is  continuous  and  unvarying  throughout  this 
wide  field.  It  shoidd  ever  be  remembered  that  no  one  locality,  nor  any  one  district  even,  of  sedi- 
mentary deposits,  can  strictly  represent  the  sediments  of  an  area  greatly  more  extensive  than  its 
own  limits  ;  nor  can  we  select  a  given  neighbourhood  as  a  type  of  the  whole,  but  merely  as  a 
specimen  of  perhaps  its  most  varied  features  and  contents.  It  is  in  this  latter  sense  merely 
that  the  column  here  appended  is  ofiered  as  an  illustration  of  the  general  contents  of  the  basin. 
It  is  purposely  compiled  from  observations  carefully  made  over  the  extensive  belt  of  country 
lying  between  the  Alleghany  and  Monongahela  rivers  and  the  Western  boundary  of  the  State. 
Its  subdivisions  are  therefore  to  be  viewed  as  by  far  more  correct  for  that  district  than  for  the 
country  to  the  E.  of  it ;  and  the  further  we  withdraw  from  it,  the  less  and  less  applicable  will  it 
prove  as  a  guide.  And  furthermore,  it  must  be  borne  in  mind  that  the  dimensions  and  features 
here  assigned  to  the  strata  are  not  retained  by  them  throughout  the  long  belt  of  country  from 
whence  this  synoptic  view  has  been  derived,  but  are  only  vouched  for  as  belonging  to  them 
in  the  neighbourhoods  whence  they  get  their  names. 

A  GENERAL  VERTICAL  SECTION  OF  THE  BITUMINOUS  COAL  STRATA  OF  PENNSYLVANIA,  WEST 
OF  THE  ALLEGHANY  AND  MONONGAHELA  RIVERS,  COMPILED  FROM  NUMEROUS  LOCAL 
SECTIONS,  EMBRACING  THE  BELT  OF  COUNTRY  FROM  MERCER  TO  GREEN  COUNTIES. 

Feet.      In.      i  F^-et.  In. 

Blank,      .  .  .  .  ,      200     0  Blue,  bufif,  and  olive  shale,  .  .       56  0 

Grey  and  buff  micaceous  slaty  sandstone,  :      110      0  Dark-grey  massive  sandstone,  .  .       18  0 

Dark  calcareous  slate,       .  .  .50  Greenish  micaceous  sandstone,  .  .4-10 

Limestone,  .  .  .  .50  Limestone,  thin. 
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Yellow,  blue,  and  brown  shale. 
Grey  micaceous  sandstone,  '\ 
Calcareous  and  buff  shales,  y 
Dark-grey  micaceous  sandstone,  ) 


Feet.  In. 

27  0 
42  0 


Limestone, 
Coal, 

Limeston", 

Shale  and  laminated  sandstone. 


Feet. 

In. 

0 

4 

0 

10 

3 

0 

15 

0 

Coa:      I  0. 


Coal    li  10 


Greij  and  bvff  mica- 
c^'ous  alaty  Saiidstone 


Dark  calcareous  SUiU 


Bint,  \nf.  and  alh 


Dark 


Greenish,  micaceous 
Sandstone 


YeUwi'.  bitie,  and  brotm 


Grey  micaceous  Sand- 
stone 

Cfttc'i leovs   and   hit fT 

Sixties 
D'irk  -  gretj  micaC'.-OUS 

•"iuxd^tone 


Shale  0  nd  lam  inated 

Sandstone 
Dark-rjrey  Sliaie 


-f)  0 

.15  0-23  0  Thin-bedded  SandsUme 
.3  0 

42  0        Biw  Shale  and  Sand- 
stone 


Blue  and  buff  f^wleg 
i'l^yjy  Sandstone 


■r,1,  and  blve 
f-,,,./.  Sand- 
u/  i.iilcareovs 


-15  0 
14  0 


Vellow 


Grey  micaceova  thin- 
bedded  Sandstone 


,.17  0-20  0  Buff  Shale 
U  0-!4  0  ^''^.1 


CoalO  10. 


Coal   I  0. 


Buff  Shales 


:^L-3  0 

0      Buff  Shales 


Coal   2  0 


TToyn*-,*.  6  0 
our<j  Coal 


21)  0  Sandst(me 

'■\  0  Brovni  and  bhte  Shale 

'  1-)  0  Brown  and  blue  Shale 

■  2"  0  Slaty  Sandstone 

Blue  and  yellow  Sliale 

-^-r^J    4  0  Soft  hive  Shale 

:^r'^^'Z^.  I  "  Soft  blue  Shale 

0  Blue  friable  Shale 

r  .  .35  0  Grey  or  brown  Sandstone 


-.loo  Vellotv  and  bronm  Sfuilc 

5  0  Soft  Shale 

I  35  0  ^'■'T  Sandstone,  massive 
! "  or  slaty 


TI!  n  ^''■^'m  Sandstofie 
I"  shale 


-J-  -  1*^0     Slaty  Sandstone 

-  -  ^.  ^  Black  calcareous  Slate 


^zL^i-  20  0  Shale 


Pii^Mbii  -g  14  0.. 


|..  25  0  Grey  slaty  Sandstone 
35  0     Brown  Shale 


25  0     Skale  or  Sandstone,  (not 
always  present ) 

Clayey  calcareous  beds,  or 
.j^  g  LimestoTws 

Green  areiwuceous  Shale 


Clayey  calcareous  beds,  or 

li,  Gr.ri,  Shnlr,  „„,l  hands  of 
70  0        »/..'»  .s  M   varil 


Green  and  olive  Shale 


.150  0 

200  0 


Greenish  Slate  ami.  Sand- 


.  purple,  and  hr 


1  0-5  0 
111  0 


SeLntUtone  a  nd  ijrcen  Shak 


Dark-hlw  Slate 

Sandltone.    (Thu  and 
tlie  a1.ratum  above, 
B<mtetwi£a  abserU.l 
Shale 

Sandstone,  often  nwu 
eioe 


bit,,,,.,,,.,,,,  .s(„,,._ 
KM,  r,„,l,  Shale,  nnd 
aatuly  Slate 


Upper 
Freepoit 
Coal 


Loirer 
Freppn7t 
Coat  (often. 
Cannet} 


3  6.. 


Kittamjj  0-4  0 


Brookrille 

foal  I  0-2  0 


-30  0        ,sia»e  and  Shale.  Some- 
times Sandstoiw 


FerriftTous  Hmestone 
30  0         Slate  and  Shale 


State  and  Shale 
,,5  0-15  0  Slate  and  Shale 
50  O-60  a  Sandstone,  massio' 


-'2  0-25 

0  Brou^n  and  black  Shale 

15  0 

Shale  and  avjdlaceowt 
Sa/idstone 

.,15  0 

Shale  and  anjillaceovs 
Sandstone 

-15  0 
.2  0 

Shale  and  anjiUaceous 
Samlstom 

..-15  0 

Shale  and  argillaceous 
Sandstotw 

100  0       Sandstone  and  con/jlo- 
nieroXe 


20  0  Slaty  Sandatotte 
25  0         Dark  Shale 

15  0         Eroien  ShaU- 
Saitdsione 


Fig.  331.-A  general  vertical  section  of  the  Bituminous  Coal  Strata  of  Pennsylvania,  W.  of  the  Alleghany  and  Monono-ahela  Rivers 
compiled  from  numerous  local  sections,  embracing  the  belt  of  country  from  Mercer  to  Green  counties.  " 
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Feet. 

In. 

Feet. 

In. 

Limestone, 

2 

0 

Shale  or  sandstone,  not  always  present. 

25 

0 

Dark -grey  shale,  . 

18 

0 

Clay,  clayey  calcareous  beds  or  limestones. 

1  35 

0 

Coal,  .... 

1 

0 

Green  arenaceous  shale. 

Shale  and  limestone. 

10 

0 

Limestone, 

3 

0 

Thin-bedded  sandstone. 

15-25 

0 

Clay,  calcareous  beds,  or  non-fossiliferous^ 

Limestone, 

Blue  shale  and  sandstone,  . 

3 
42 

0 
0 

limestone, 

Green  shale,  and  bands  of  slaty  sandstone, 

>  50-70 

0 

Coal,  .... 

0 

10 

Variegated  shales  and  nodular  limestone. 

Blue  and  buff  shale,  thin. 
Flaggy  sandstone. 

13 

0 

Green  and  olive  shale,  ") 
Greenish  slate  and  sandstone,  J 

150—200 

0 

Yellow,  red,  and  blue  shales ;  bands  of  sand 

- 

Green,  purple,  and  brown  shale. 

30 

stone  and  calcareous  nodules, 

62 

0 

Limestone, 

.  1—5 

0 

Yellow  micaceous  shale. 

15 

0 

Sandstone  and  green  shale,          .  > 

Grey  micaceous  thin-bedded  sandstone. 

14 

0 

Dark-blue  slate,  ")          .  , 

>-  sometimes  absent. 
Sandstone,         )  > 

I  40—80 

0 

iiun  snale, 

17—20 

0 

Grey  micaceous  sandstone. 

11—14 

0 

Shale,  .... 

±>un  shale, 

50 

0 

Sandstone,  (often  massive), 

Limestone, 

3 

6 

Dark  -  blue  fossiliferous  calcareous 

iiun  snale, 

20 

0 

slate,  and  bituminous  slate  with 

( 

70—130 

0 

L-OAL,  .... 

0 

10 

coal,  when  of  notable  dimensions. 

oandstone. 

20 

0 

called  the  Elk  Lick  Coal, 

Brown  and  blue  shale, 

4 

0 

Shale,  sandy  slate,  and  sandstone,  ^ 

OOAL,  .... 

1 

0 

Upper  Freeport  Coal, 

3—6 

(J 

Brown  and  blue  shale. 

10 

0 

Fireclay  and  shale. 

.  1 — 10 

A 

Slaty  sandstone,    .  . 

20 

0 

Limestone, 

4  7 

A 

Blue  and  yellow  shale, 

10 

0 

Slate  and  slaty  sandstone. 

30—40 

A 
U 

Limestone, 

4 

0 

Lower  Freeport  Coal  (often  Cannel), 

3 

0 

boit  blue  shale, 

4 

0 

Freeport  sandstone,  massive,  . 

50—60 

A 
0 

Limestone, 

4 

0 

Slate  and  shale,  sometimes  sandstone. 

75 

U 

Soft  blue  shale. 

3 

0 

KiTTANNING  COAL, 

.  3—4 

A 

Coal,  .... 

2 

0 

Slate  and  shale  (sometimes  sandstone), 

30 

A 
0 

Blue  iriabie  shale. 

7 

0 

Ivon  Ore,  .... 

4  in.  to  6 

A 

Grey  and  bro\vn  sandstone. 

35 

0 

Ferriferous  limestone, 

15 

A 

0 

Yellow  and  brown  shale,  . 

10 

0 

Slate  and  shale  . 

30 

A 

Waynesburg  Coal, 

6 

0 

Clarion  Coal, 

.  3—4 

0 

Soft  shale, 

5 

0 

Slate  and  shale,     .          .  , 

25 

A 

u 

Grey  sandstone,  massive  or  slaty,  . 

35 

0 

Brookville  Coal, 

.  1—2 

A 
0 

Limestone, 

8 

0 

Slate  and  shale. 

.  5—15 

A 
U 

Shale,  .... 

10 

0 

Tionesta  sandstone  (massive), 

50—60 

A 
0 

Flaggy  sandstone. 

20 

0 

Brown  and  black  shale, 

.  2—25 

A 

Shale,  .... 

10 

0 

Tionesta  or  Mercer  Coal, 

.  1—4 

A 
0 

Limestone, 

18 

0 

Shale  and  argillaceous  sandstone,  . 

15 

A 

Black  slate, 

5 

0 

Upper  Porter  Coal, 

1 

•3 
O 

Slaty  sandstone,  . 

18 

0 

Shale  and  argillaceous  sandstone,  . 

15 

A 

0 

T>1  1_         1                          1  1 

iJlack  calcareous  slate. 

8 

0 

Middle  Porter  Coal, 

1 

A 
U 

Limestone, 

16 

0 

Shale  and  argillaceous  sandstone,  . 

15 

A 

Shale,  .... 

20 

0 

Mercer  limestone,  . 

2 

0 

25 

0 

Lower  Porter  Coal, 

1 

s! 

(J 

Brown  shale, 

35 

0 

Shale  and  argillaceous  sandstone,  . 

15 

0 

Pittsburg  Coal,  . 

14 

0 

Serai  sandstone  and  conglomerate. 

.  100 

0 
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Slaty  sandstone, 
Sharon  Coal, 
Dark  shale, 
Coal, 


Feet.  In. 

20  0 

1—4  0 

25  0 


Shale, 
Coal, 

Brown  shale, 
Sandstone, 


Feet.  In. 

1.5  0 
15  0 


This  extensive  series  of  rocks,  omitting  the  more  subordinate  beds  of  coal,  sandstone,  and 
shale,  admits  of  being  classified  in  accordance  with  the  following  scheme,  which  represents  the 
subdivisions  that  have  been  adopted  in  picturing  the  Coal-measures  upon  the  Geological  Map 
of  the  State.  The  tabular  arrangement,  besides  presenting  the  names  employed  in  this  work  for 
the  several  strata,  and  the  natural  groups  into  which  we  have  thrown  them,  exhibits  the  average 
thicknesses  of  these  groups  in  the  districts  where  they  are  best  developed. 


Lower 


} 

barren  Measures  J  Unproductive  rocks,  mostly  slates  and  shales,  and  containing  green  ) 
'  i        and  black  limestone  bands,    .  .  .  .3 


^  f  Upper  Barren  Measures,  .... 
■  \  Waynesburg  Group,  and  Pittsburg  Coal  and  Limestone, 


3. 


Mahoning  massive  bed  of  sandstone. 

Elk  Lick  Coal, 
L'pper  Freeport  Coal, 
Freeport  Limestone, 


The  Freeport  Group, 


Lower  Freeport  Coal, 
Freeport,  or  contorted  Sandstone, 

fKittanning  Coal, 


Clarion  Group, 


Tionesta  Sandstone, 


j  Ferriferous  Coal,  wanting  at  the  West, 
'  Ferriferous  Limestone, 

Clarion  Coal, 

Brookville  Coal,  . 


Mahoning  Limestone, 
Tionesta  Coal, 

Tionesta  Group,        .       LTpper  and  Middle  Porter  Coal, 

Mercer  Limestone, 
Lower  Porter  Coal, 

1.     The  Serai  conglomerate,  embracing  locally  the  Sharon  Coal  Group  as  a  member. 


Feet. 
1200 

400—500 
50—  75 

100—250 

15—50 

100—200 

60 

10-100 
50—100 


GENERAL  DESCRIPTION  OF  THE  SEVERAL  BITUMINOUS  COAL  BASINS. 

To  acquire  a  clear  conception  of  the  singular  manner  in  which  the  coal  strata  of  the  bitu- 
minous region  of  Pennsylvania  are  distributed,  let  us,  with  a  Geological  map  before  us,  imagine 
ourselves  stationed  at  a  commanding  height  above  the  surface,  somewhere  in  the  central  part  of 
the  great  W.  basin  ;  say  at  Pittsburg.  To  the  S.  and  W.  there  spreads  an  immense  undulating 
plain,  composed  entirely  of  the  Coal-measures,  stretching  far  into  Virginia,  Kentucky,  and  Ohio. 
From  our  point  of  view  the  whole  area  to  the  S.  and  W.  boundaries  of  the  State  to  the  base  of 
Chestnut  Ridge  on  the  E.,  and  to  a  line  through  Mercer  and  Franklin  counties  on  the  N.,  is 
occupied  exclusively  by  this  formation.  Let  us  now  direct  our  observation  to  the  tracts  which 
border  this  deep  principal  basin. 


BITUMINOUS  COAL  STRATA. 


To  the  S.E.  we  discern  a  succession  of  long,  narrow,  parallel  troiiglis,  which  have  their 
general  S.E.  limit  in  the  crest  of  the  Alleghany  Mountain.  Tliese  are  either  entirely  or  partially 
insulated  from  the  main  W.  basin,  and  also  from  each  other,  by  the  bold,  parallel,  and  anticlinal 
ranges  of  Chestnut  Eidge,  Laurel  Hill,  and  Negro  Mountain,  and  their  prolongations  N. 

Towards  the  N.E.  the  running-out  of  the  main  AV.  basin,  and  of  these  subordinate  troughs 
which  lie  to  the  E.  of  Chestnut  Ridge,  is  marked  by  some  interesting  features  of  symmetry,  the 
clear  recognition  of  which  will  materially  assist  us  in  tracing  the  scattered  patches  of  the  coal- 
rocks,  by  which  the  general  mass  is  flanked  in  that  direction  ;  for,  gazing  from  our  supposed 
height  upon  the  whole  sloping  table-land  descending  from  the  crest  or  escarpment  of  the 
Alleghany  Mountain,  to  the  Monongahela  and  Alleghany  Rivers,  we  perceive  that  between  these 
limits  this  broad  plain  is  traversed  in  a  N.E.  and  S.W.  direction  by  a  remarkable  group  of 
strikingly  parallel  and  equidistant  anticlinal  elevations  of  the  strata,  which  constitute  on  its 
S.E.  side  the  conspicuous  mountain-ranges  just  enumerated ;  and  N."\Y.  of  Chestnut  Ridge  a 
succession  of  lower  axes  that  continue  to  undulate  the  strata,  but  soon  cease  towards  the  S.  to 
control  the  topography. 

The  accompanying  general  section  (See  Pennsylvania  Central  Railroad  Section)  of  the  coal- 
field from  the  Ohio  River  at  Pittsburg,  by  the  line  of  the  Pennsylvania  Railroad,  to  the  summit  of 
the  Alleghany  Mountain,  exhibits  distinctly  the  relative  magnitudes  and  positions  of  six  of  the 
eight  axes  or  great  flexures  of  the  strata.  The  First  arch  to  the  W.  of  the  summit  of  the 
Alleghany  Mountain  upon  this  line  of  section,  is  in  the  high  belt  of  hills  which  crosses  the  Cone- 
maugli  near  the  Railroad  Viaduct ;  the  Second  coincides  with  the  broad  and  massive  mountain 
called  Laurel  Hill ;  the  Tldrd  forms  the  somewhat  less  elevated  Chestnut  Ridge  ;  the  Fourth, 
a  much  flatter  one,  crosses  between  Beatty's  Station  and  George's  Summit  ;  the  Fifth,  crossing 
the  Conemaugh  about  3  miles  E.  of  Saltzburg,  passes  a  little  E.  of  Grape ville ;  the  Sixth  is  a 
broad  double  undulation,  one  wave  ranging  E.  of  Stewart's,  the  other  occurring  at  Turtle  Creek 
(this  latter  developed  as  the  j^rincipal  one  on  the  Kiskiminetas  above  Warren)  ;  the  Seventh  about 
2  miles  W.  of  Leechburg  on  the  Kiskiminetas,  but  not  appreciable  on  the  line  of  our  section  ;  while 
yet  another,  the  Fi(jhth  and  last,  which  is  parallel  to  all  the  rest,  crosses  the  Alleghany  between 
the  mouths  of  the  Mahoning  and  Red  Bank  creeks. — (See  also  Section,  No.  IX.  of  the  Alap.) 

These  great  anticlinal  waves  of  the  strata  prolong  themselves  many  miles  from  the  line  of 
section  towards  the  N.E.  But  five  of  them,  as  the  map  will  show,  are  more  persistent  than  the 
rest,  not  only  extending  to  the  Sinnemahoning  and  the  N.  Branch  of  the  Susquehanna,  but 
crossing  those  streams  and  controlling  the  whole  topography  still  further  E.  and  N.,  even  beyond 
the  New  York  line  and  the  valley  of  the  N.  Branch  of  the  Susquehanna.  By  these  five  larger 
axes  the  whole  region  of  the  Bituminous  Coal  has  received  its  mai-ked  division  into  six  separate 
basins,  in  one  or  two  of  which  the  other  lesser  axes  have  their  more  limited  range  ;  and  to  these 
the  name  of  sub-axes  will  be  given  in  the  description  of  the  region. 

The  influence  of  all  these  flexures  upon  the  distribution  of  the  coal  strata,  the  uppermost  of 
the  formations,  is  very  striking.  By  bringing  to  the  surface  lower  rocks  than  those  belonging  to 
the  Serai  series,  the  axes  of  Chestnut  Ridge,  Laurel  Hill,  and  the  other  conspicuous  mountain-belts, 
have  insulated,  as  we  have  said,  the  coal-rocks  of  the  E.  portion  of  the  whole  region  from  the  rest, 
and  thrown  them  into  several  narrow  troughs.  On  the  contrary,  the  axes,  to  the  W.  of  Chestnut 
Ridge,  elevate  no  inferior  formation  to  the  day,  in  the  district  near  the  Conemaugh,  for  the  Coal- 
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measures  constitute  the  lowest  rocks  exposed  by  them.  They,  nevertheless,  throw  the  coal- 
fields, which  they  traverse,  into  subordinate  troughs  or  basins,  insulating  the  upper  beds,  and 
permitting  the  lower  only  to  arch  from  one  basin  over  into  the  next,  as  do  those  of  Chestnut 
Kidge  and  Laurel  Hill  in  their  N.E.  prolongation,  where  they  have  so  subsided  as  to  carry  the 
strata  beneath  the  Coal-measures  out  of  sight. 

The  result  of  this  peculiar  structure  (anticlinal  axes  and  included  basins)  upon  the  distribu- 
tion of  the  coal  strata,  as  we  trace  them  N.E.  from  the  region  of  the  Conemaugh,  is  simply  this  : 
the  anticlinals  and  synclinals  rising  in  that  direction,  with  the  general  upward  slope  of  all  the 
strata  towards  New  York,  the  basins  grow  progressively  shallower,  as  respects  the  depth  or  thick- 
ness of  their  contained  coal-rocks,  and  consequently  the  higher  beds  successively  disappear  along 
the  middle  lines  pf  the  basins,  leaving  only  the  lower  ones  remaining,  while  the  lower  beds  are 
also  successively  denuded  from  the  anticlinal  uplifts,  allowing  the  stiU  lower  formations  to 
appear.  These,  by  their  emergence  along  the  axes,  invade  the  once  continuous  coal-formation, 
and  part  it  into  a  number  of  strictly  isolated  basins. 

These,  which  of  course  are  but  extensions  N.E.  of  the  several  troughs  in  rangins;  forward 
separated  from  each  other,  contain  less  and  less  of  the  Coal-measures,  both  superficially  and 
in  thickness,  until  at  last  the  formation  ceases  to  be  continuous,  being  prolonged  only  by  a  few 
scattered  patches  occupying  the  highest  knobs  of  the  long  and  narrow  synclinal  table-lands  in 
which  these  basins  terminate.  Leaping,  as  it  were,  from  summit  to  summit,  these  detached 
masses  of  the  coal  formation  lead  us,  but  often  by  long  skips,  to  within  a  few  miles  of  the  North 
Branch  of  the  Susquehanna  on  the  E.  and  the  New  York  line  on  the  N.  With  these  and  the 
intervening  anticlinal  lines  as  guides,  we  may,  in  imagination,  readily  restore  the  positions  of 
the  once  ample  coal-basins,  which  overspread  all  the  N.  side  of  Pennsylvania.  If  we  embrace 
the  whole  of  this  coal  region  N.W.  of  the  Alleghany  Mountain  under  one  general  survey,  it 
presents  considerable  analogy  in  the  distribution  of  the  coal-rocks  to  the  form  of  the  human 
hand — the  wide  Western  Basin  standing  for  the  palm,  the  separate  continuations  of  the  minor 
basins  springing  from  this  being  like  the  fingers  ;  while  the  intervening  anticlinal  tracts,  desti- 
tute of  coal,  represent  the  interdigital  sjiaces.  The  above  explanation  will  be  rendered  more 
intelligible  by  a  reference  to  the  N.W.  portions  of  the  General  Sections  IX.,  VIII.,  VII.,  VI., 
and  IV.  of  the  Map. 

The  Anticlinal  Axes  and  their  intervening  Coal-hasins. — To  acquire  a  more  minute  know- 
ledge of  the  actual  distribution  of  the  coal-rocks,  it  is  necessary  to  take  first  a  rapid  survey 
of  the  principal  basins  or  troughs  and  the  anticlinal  belts  which  separate  them.  In  this  sketch 
we  shall  proceed,  as  usual,  from  the  S.E.  to  the  N.W.,  tracing  each  individual  trough  and  axis 
S.W.  as  far  as  it  wiU  carry  us.  We  shall  begin,  therefore,  in  Wyoming,  Bradford,  and  Tioga 
counties,  the  quarter  where  the  several  bituminous  coal-basins  reach  their  E.  termination  ;  but 
for  convenience  sake,  and  for  reasons  that  will  hereafter  appear,  we  shall  describe  all  the  region 
lying  N.E.  of  the  Conemaugh,  separately  from  that  which  lies  to  the  S.W.  of  it. 


SUBDIVISION  L 


BITUMINOUS  COAL -BASINS  NORTH  OF  THE  CONEMAUGH  AND  OHIO. 


CHAPTER  I. 

First  Basin  and  Principal  Axis  N.W.  of  the  Alleghany  Mountain. — This  is  a  long  and  narrow  synclinal 
table-land,  known  in  Wyoming  and  Sullivan  counties  as  part  of  the  Mahoopeny  Mountain  ;  and  in  Lycoming,  Clin- 
ton, and  Centre  counties,  as  the  summit  of  the  Alleghany  Mountain.  Its  S.E.  boundary  in  the  former  counties  is 
determined  by  an  axis,  not  numbered  with  the  five  great  axes  of  the  Bituminous  Coal  region,  because,  crossing  the 
North  Branch  of  the  Susquehanna  above  the  mouth  of  Tunkhannock  Creek,  it  simply  penetrates  a  S.  extension  of 
the  Great  Plateau,  and  issues  from  it  again  W.  along  the  valley  of  Muncy  Creek,  being  practically,  when  the  whole 
topography  of  this  part  of  the  State  is  viewed  on  a  grand  scale,  little  else  than  the  N.E.  prolongation  of  the  great 
axis  of  Bald  Eagle  Mountain  and  Nippenose  and  Nittany  valleys.  Where  this  axis  penetrates  the  Alleghany 
Plateau,  this  seems  to  have  no  true  coal-basin.  To  the  S.  of  it  the  table-land  of  the  North  and  Bowman's 
Mountain  is  overspread  by  grey  Vespertine  Sandstone. 

The  Mahoopeny  table-land,  on  the  contrary,  though  principally  occupied  by  the  same  formation,  embraces 
in  its  higher  tracts  a  few  isolated  shallow  jiatches  of  the  Serai  conglomerate  and  Coal-measures.  The  positions 
of  these  will  be  defined,  after  we  have  traced  the  basin  in  its  prolongation  S.W.    (See  General  Section  IV.) 

For  the  rest  of  its  length  to  Cambria  County,  the  high  synclinal  belt  containing  the  first  range  of  Coal- 
measures  is  bounded  by  the  S.E.  escarpment  of  the  AUeghany  Mountain.  The  N.  or  N.W.  limit  of  its  trough  is 
very  weU  defined  by  the  belt  of  older  formations  lifted  to  the  surface  on  that  side  in  a  long  gently-bending  anti- 
clinal axis,  the  central  line  of  which  passes  the  North  Branch  of  the  Susquehanna,  near  the  Wyalusing 
Falls,  and  the  West  Branch  above  Kattlesnake  Run. 

From  the  North  Branch  of  the  Susquehanna,  nearly  to  the  waters  of  Lycoming  Creek,  the  rocks  exposed 
along  this  anticlinal  belt  are  the  upper  members  of  the  Vergent  Series  and  the  Ponent  strata  ;  from  Lycoming 
Creek,  on  to  the  West  Branch,  they  consist  cliiefly  of  the  Vespertine  Sandstone ;  from  the  vicinity  of  the  West 
Branch  to  the  Moshannon,  the  only  formation  on  the  sm"face  arching  the  anticlinal  line  is  the  Serai  conglomerate. 

About  3  miles  S.W.  of  the  Moshannon,  the  tract  of  conglomerate  tapers  to  a  point,  and  the  Coal-measures 
themselves,  in  their  lower  members,  there  saddle  the  arch,  and  cause  the  two  basins — before  divided  as  coal- 
basins — to  coalesce  as  a  continuous  field.  From  this  point  S.  the  axis  grows  rapidly  less  conspicuous,  so  that 
its  prolongation,  even  across  Clearfield  Creek,  is  somewhat  questionable,  while  there  can  be  little  reason  to  doubt 
its  reappearance  upon  the  Conemaugh  in  the  great  axis  of  Laurel  HiU. 

The  long  synclinal  belt  contained  betw^een  the  above  axis  (No.  1)  on  the  N.W.,  and  the  INIuncy  Creek  axis 
and  escarpment  of  the  Alleghany  on  the  S.E.,  though  geologically  entitled  to  the  name  of  a  trough  or  basin,  is, 
as  we  have  seen  when  considering  the  topographical  features  of  the  region,  rather  a  high  strip  of  table-land, 
which  the  hard  silicious  rocks  below  the  coal  have  protected  from  denudation.  The  coal-rocks,  the  appropriate 
position  of  which  is  towards  the  middle  of  this  table-land — that  is,  along  the  deepest  or  central  line  of  the 
geological  basin — by  no  means  extend  continuously  along  its  smnmit,  but  are  restricted  to  a  few  isolated  localities 
by  the  converging  dips  of  the  lower  strata,  and  occupy  a  medial  line  along  the  trough.  An  escarpment  of  the 
Serai  conglomerate,  upwards  of  60  or  80  feet  high,  generally  rises  from  the  naked  table-land  of  the  Vespertine 
Sandstone,  and  marks  approximately  the  margin  or  outcrop  of  the  lowest  coal-seam,  which  is  here  adjacent  to 
the  conglomerate.  In  these  detached  outliers  wc  seldom  find  more  than  the  three  lowest  coal-seams  left,  so 
great  has  been  the  destruction  of  the  Coal-measures ;  and  in  the  most  Eastern  or  terminal  patches  we  rarely 


riKST  BASIN,  N.W.  OF  ALLEGHANY  MOUNTAINS. 


481 


encoimter  more  than  tlie  first  or  second  :  tliei'efore  the  total  thickness  of  the  coal-rocks  above  the  conglomerate 
hardly  exceeds  in  these  cases  100  or  200  feet.  Approaching  the  portion  of  the  basin  where  they  become  con- 
tinuous, their  thickness  of  course  augments. 

The  most  Eastern  tract  of  the  Coal-measuies  in  this  basin  is  at  the  head  of  Mahoopeny  Creek.  The  next 
patch  W.  of  this  is  between  the  Big  Loyalsock  and  its  N.  tributary,  Birch  Creek.  In  the  latter  locality  there 
is  one  coal-seam  over  the  conglomerate,  about  2  or  3  feet  thick,  but  it  is  more  circumscribed  than  that  rock  in 
the  area  boxmded  by  its  outcrop  :  besides  this  one,  there  is  a  thinner  seam  imbedded  in  the  conglomerate. 

The  high  hiUs  near  the  mouth  of  Plunket's  Creek  are  capped  by  the  Serai  conglomerate  ;  but  no  overlying 
coal-seam  has  been  discovered  on  them. 

The  coal  makes  its  appearance  along  the  summit  of  the  Alleghany  Mountain  at  one  or  two  points  between 
this  and  the  knobs  W.  of  Pine  Creek.  On  the  W.  side  of  Hogeland's  Run  there  occurs  coal  5^  feet  thick, 
divided  by  2  feet  of  fire-clay,  and  the  outcrop  probaljly  of  the  same  bed  occurs  on  the  summit,  N.  of  Tombs' 
Run  and  overlooking  Pine  Creek. 

Between  Pine  Creek  and  the  Susquehanna  West  Branch,  more  especially  around  the  tributaries  of  Queen's 
Run  and  Lick  Run,  there  spreads  a  considerable  patch  of  the  formation.  The  maximum  thickness  of  the  Coal- 
measures  in  this  neighbourhood  is  about  1 50  feet ;  the  number  of  coal-seams  is  four  :  only  three  of  these  have 
such  a  thickness  as  to  be  valuable.  In  this  tract  are  the  mines  from  which  it  was  intended  to  supply  the 
FaiTandsville  Iron  Works  with  fuel.  Even  here,  a  few  hmidied  acres  will  most  probably  be  found  to  embrace 
the  whole  of  the  productive  Coal-measures,  though  the  conglomerate,  the  usual  external  index  to  the  coal,  covers 
a  considerably  wider  area.  From  the  neighbourhood  of  the  Queen's  Run  Mines,  a  long  narrow  ridge  called 
Sandstone  Hill  marks  the  central  line  of  the  basin,  extends  E.  to  the  turnpike,  and  protects  the  coal-bed, 
whose  outcrop  is  there  visible. 

Passing  now  to  the  W.  side  of  the  Susquehanna,  we  come,  after  an  interval  of  a  few  miles,  to  another 
isolated  coal-tract  between  the  forks  of  the  Tangascootac  Creek. 

From  this  point  to  the  Moshannon,  the  formation,  although  still  extensively  wasted  and  occurring  only  in 
a  range  of  patches  between  the  deeply  denuded  ravines  of  Beach  Creek,  begins  to  become  continuous,  and  to 
present  the  outUnes  of  a  regular  basin.  In  these  tracts,  where  as  yet  no  mining  operations  of  any  magnitude 
have  been  attempted,  the  ordinary  number  of  coal-beds  is  two,  or  at  the  most  three.  One  of  the  seams  which 
is  wrought  to  a  small  extent  at  Snow-shoe,  probably  the  second  or  thu-d  in  ascending  order,  is  about  6  feet 
thick. 

From  the  vicinity  of  Snow-shoe,  wliich  lies  between  the  head-streams  of  Beach  Creek,  the  Coal-measures 
maybe  regarded  as  extending  S.W.  in  a  narrow  but  continuous  basin,  confined  principally  to  the  N.W.  side 
of  the  Big  Moshannon,  until  within  a  short  distance  of  Philipsburg,  where  the  formation  rapidly  widens  and 
increases  somewhat  in  depth.  Near  this  village  the  S.E.  outcrop  of  the  coal  is  within  1^  miles  of  the  E.  crest 
of  the  Alleghany  Mountain. 

From  Philipsburg  S.W.,  the  centre  of  the  basin  coincides  very  nearly  with  the  general  course  of  the 
Moshannon  Creek — the  strata  on  each  side  dipping  gently  toward  the  stream.  In  Coal  Hill  there  are  four 
seams  of  considerable  thickness.  * 

The  N.  W.  boundary  of  the  trough  lies  from  2  to  3  miles  N.W.  of  the  Moshannon,  in  a  high  broad  ridge, 
by  which  the  first  axis  here  begins  to  exhibit  topographically  its  geological  form. 

A  shallow  depth  of  the  coal-rocks,  comprising  probably  only  the  lower  seam,  arches  over  this  ridge,  and 
thus  connects  the  first  with  the  second  basin. 

Whether  the  axis  of  this  ridge,  preserving  its  gentle  sweep,  and  converging  towards  the  N.W.,  becomes  that  of 
Laurel  Hill,  towards  which  it  seems  to  point ;  or  whether  these  two  lie  out  of  line  like  the  sub-axes  of  Somerset 
County,  hereafter  to  be  described,  has  not  been  positively  ascertained.  S.  of  Mount  Pleasant,  the  first  basin 
loses  its  definiteness  also,  and,  passing  EUensburg  and  the  Pennsylvania  Railroad,  the  widening  space  between 
the  crest  of  the  Alleghany  and  the  Laurel  Hill  Axis,  becomes  separated  into  two,  and  finally  into  three  basins, 
by  the  occurrence  of  anticlinal  axes  not  developed  further  N. 
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CHAPTER  II. 

SECOND  BASIN  AND  AXIS  NORTH-WEST  OF  THE  ALLEGHANY  MOUNTAIN. 

The  next  basin  is  tli<at  which  contains  the  Towanda,  Karthaus,  and  Clearfield  coal-rocks.  Like  that  of  the 
first  basin,  its  N.E.  extremity  in  Bradford  and  Lycoming-  counties  is  a  long  narrow  table-land,  elevated  nearly 
1000  feet  above  the  general  water-level  of  the  adjoining  anticlinal  valleys  which  bound  it  on  the  N.  and  S. 
The  valley  of  the  Towanda  Creek  is  its  immediate  boundary  upon  the  N.  As  in  the  case  of  aU  the  KK 
terminations  of  this  group  of  basins,  the  table-land  which  represents  the  more  central  parts  of  the  trough, 
ranges  as  we  trace  it  S.W.  into  a  general  high  jjlain,  where  the  anticlinal  axes  on  the  N.  and  S.,  instead  of 
coinciding  with,  valleys,  are  marked  by  broad  swelling  ridges,  between  which,  as  we  proceed,  the  coal-formation 
assumes  more  and  more  the  form  of  a  basin,  subsiding  into  a  regular  though  gentle  valley-like  depression. 

Second  Coal-Basin,  Towanda  Mountain. — The  anticlinal  axis  No.  2,  which  limits  the  basin  on  the  N., 
exposes,  from  Towanda  to  the  som'ces  of  the  Fii'st  Fork  of  Pine  Creek,  a  narrow  central  tract  of  Vergent  rocks, 
margined  by  the  overlying  Ponent  strata,  and  forming  a  rough  natural  valley.  From  the  First  Fork  to  the  Eun 
called  Chinchelamoose,  in  Clearfield  County,  it  cleaves  a  long  high  belt  of  Umbral  strata  capped  over  large 
areas  by  the  Serai  conglomerate.  The  top  of  this  anticlinal  arch  is  traceable  from  the  Northern  waters  of 
Wyalusing  Creek  across  the  North  Branch  of  the  Susquehanna  at  the  Wysox  bend,  and  thence  up  the  centre 
of  the  denuded  valley  of  Towanda  Creek,  below  the  second  fork  of  Pine  Creek,  and  crosses  the  Sinnemahoning  a 
little  E.  of  the  junction  of  the  Driftwood  and  Bennett's  Branch,  where,  deflecting  more  S.W.,  it  traverses  a 
wilderness  coimtry  to  the  Chinchelamoose  Run,  and  there  enters  the  Coal-measures.  It  is  prolonged  through 
the  highland  called  Grampian  Hills,  and  past  the  Mis  of  the  South  Branch  of  the  Susqiiehanna,  beyond 
which  it  ceases  in  a  few  miles  to  be  definitely  marked  ;  but  probably,  like  the  first  axis  in  this  same  region,  it 
sinks  only  to  rise  in  bolder  outline  as  the  master  axis  of  Chestnut  Ridge. 

From  the  Clearfield  and  Brookville  Turnpike  S.W.  it  is  saddled  by  the  lower  coal-seams,  and  thus  the  second 
and  third  basins  coalesce. 

The  long  narrow  trough  in  the  strata,  bounded  on  the  N.W.  by  this  second  axis,  does  not  embrace  the  coal- 
measures  continuously,  Eastward  of  the  mouth  of  Kettle  Creek,  on  the  West  Branch  of  the  Susquehanna.  Between 
this  point  and  the  North  Branch  it  is  a  high  table-land,  contracting  as  we  go  eastward  to  a  breadth  of  from  five 
to  seven  miles,  overlaid  by  the  Vespertine  sandstone,  and  capped  in  three  or  four  localities  by  the  coal-rocks. 
These  latter  strata  consist  of  the  Serai  conglomerate,  sometimes  supporting  the  two  or  three  lower  coal-seams, 
sometimes  entu-ely  denuded  of  the  proper  coal-measures.  Only  two  detached  masses  of  the  formation  are  here 
worthy  of  especial  notice.  The  largest,  and  from  its  position  the  most  important  patch,  is  that  which  over- 
spreads the  highest  summits  between  the  Towanda  Creek,  and  its  middle  and  south  branches.  The  other  is  on 
Lycoming  Creek,  north  of  Stony  or  Rocky  Run,  and  around  the  sources  of  this  stream  and  of  Frozen  Run. 

Towanda  Coal-field. — The  Towanda  coal-field  has  its  Eastern  termination  on  the  brow  of  the  moiuitain 
between  the  South  Branch  and  the  Carbon  Creek,  or  the  Middle  Branch  of  Towanda  Creek.  Its  Western  limit 
is  near  the  township  line  of  Franklin.  The  Coal-measures,  which  occasionally  embrace  the  two  lower  seams, 
occupy  only  the  highest  land,  and  form  a  rather  narrow  tract  lying  in  an  E.  and  W.  direction.  The  whole  of 
the  coal  lies  within  an  area  less  than  thirteen  miles  in  length  and  four  in  breadth  ;  but  it  is  fair  to  infer  from  the 
gashed  and  denuded  condition  of  this  mountain  summit,  that  the  productive  part  of  the  formation  does  not  con- 
stitute more  than  one-fourth  of  this  surface. 

The  Lycoming  or  Ralston  Goal-field. — The  physical  features  of  the  Lycoming,  or  Second  outlying  Coal- 
field in  the  line  of  the  present  basin,  are  analogous  to  those  of  the  Towanda  tract.  It  caps  a  narrow  part  of  the 
synclinal  plateau  in  a  series  of  detached  flat  knobs,  and  crosses  Lycoming  Creek  as  a  narrow  belt  about  seven 
miles  long  by  less  than  two  wide,  the  continuity  of  the  coal-rocks  being  greatly  broken  by  deep  ravines  and 
mountain  valleys.    Three  coal-seams  of  useful  dimensions  occasionally  occm-,  as  at  the  mines  near  the  head 
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of  Stony  Kun  ;  while  a  fourth  is  at  one  place  workable  ;  and  a  fifth,  low  down  near  the  conglomerate,  also  attains 
at  one  place  a  thickness  of  two  and  a  half  feet. 

On  both  sides  of  Pine  Creek,  but  especially  on  the  Eastern,  between  the  main  stream  and  the  First  Fork, 
wherever  the  hills  in  the  centre  of  the  basin  have  a  considerable  elevation,  the  Serai  conglomerate  occurs  in 
patches,  and  in  one  or  other  locality  is  accompanied  by  traces  of  the  lowest  coal-seam. 

On  the  liighlands  between  Drury's  and  Paddy's  runs,  and  the  Susquehanna  and  Kettle  Creek,  along  Boon's 
Eoad,  isolated  patches  of  coal-rocks  occur,  and  remarkably  uniform  traces  are  frequently  visible,  making  the  out- 
crop of  the  lowest  coal-bed  above  the  conglomerate. 

.  But  we  may  say  that  the  regularly  continuous  Coal-measures  of  the  Second  Basin  begin  near  the  mouth  of 
Kettle  Creek,  and  follow  thence  the  general  course  of  the  Susquehanna  to  its  source,  or  at  least  as  far  as  Canoe 
Place,  at  the  S.W.  corner  of  Clearfield  County. 

From  near  Clearfield  to  Kettle  Creek  the  river  flows  nearly  along  the  middle  of  the  trough,  supported  by 
the  Coal-measures  as  far  as  Moravian  Run  ;  but  from  this  stream  to  the  influx  of  Kettle  Creek  it  cuts  through 
into  lower  rocks,  and  cleaves  the  coal  into  two  high  narrow  belts,  one  on  each  side  of  the  deep  trough  in 
which  the  river  winds.  As  the  basin  progressively  deepens  from  the  Sinnemahoning  S.W.,  it  embraces  in  that 
direction  a  very  valuable  thickness  of  useful  mineral  strata  ;  and  here,  too,  we  first  meet  with  those  singularly 
persistent  seams  of  limestone  alternating  with  the  coal,  which  prove  such  invaluable  giiides  in  identifying  the 
series  of  coal-rocks  over  the  whole  region  to  the  South  and  West. 

At  Karthaus  the  total  depth  of  Coal-measures  above  the  Conglomerate  is  at  least  320  feet,  in  which  are 
included  nine  beds  of  coal  of  various  dimensions,  besides  beds  of  fire-clay  and  iron  ore.  (See  Subdivision  III, 
Chap.  VIII.)  It  is  probable  that  along  Clearfield  Creek,  which  for  some  miles  seems  to  flow  nearly  centrally 
along  the  basin,  the  average  thickness  of  the  coal-formation  is  as  great  as  at  Karthaus. 

The  exact  course  of  the  basin  S.W.  from  the  head  of  the  Little  Clearfield  Creek  is  not  fully  known ;  but 
little  doubt  can  be  entertained  of  the  prolongation  of  the  trough  into  that  of  the  Ligonier  Valley,  between  the 
axis  of  Laurel  HiU  and  Chestnut  Ridge.  ShoiUd  such  be  the  case,  we  behold  in  the  basin  before  us  one  of  the 
most  remarkable  synclinal  depressions  anywhere  discovered,  whether  we  advert  to  its  extraordinary  length,  to 
the  regular  sweep  of  the  axes  which  bomid  it,  or  to  their  wonderful  parallelism. 


CHAPTER  III. 

THIRD  BASIN  AND  ANTICLINAL  AXIS. 

Between  the  anticlinal  valley  of  Towanda  Creek,  and  the  similarly-constructed  broader  valley-belt  of  Ver- 
gent  and  Cadent  rocks  of  central  Tioga  County,  on  which  are  the  sites  of  Covington  and  Wellsborough,  we 
encounter  a  third  synclinal  table-land,  ending  abruptly  N.  of  the  village  of  Canton  Corners,  and  marking  the 
termination  of  the  Third  Basin. 

Originating,  as  mentioned,  between  the  Forks  of  Sugar  Creek,  E.  of  the  Tioga  County  line,  it  extends  as  a 
narrow  irregular  detached  plateau,  nearly  to  Pine  Creek,  where  it  joins  the  general  table-land  of  the  country. 
From  its  Eastern  termination  at  Canton  Corners  to  Bennett's  Branch  of  the  Sinnemahoning,  the  whole  belt 
included  in  the  Basin  is  generally  overspread  by  the  Umbral  shales  and  Vespertine  sandstone,  supporting  near 
its  central  line  a  few  isolated  tracts  of  the  Coal-measures,  and  a  rather  larger  number  of  the  patches  of  the  Serai 
conglomerate,  from  which  the  superincumbent  coal-rocks  have  been  entirely  swej^t  off.  Immediately  S.W.  of 
Bennett's  Branch,  we  enter  upon  the  continuous  Coal-measures  of  this  Basin,  which  extend  thence  in  a  regularly 
tliickening  mass  to  the  Conemaugh. 

The  anticlinal  axis  which  confines  this  long  and  narrow  trough  on  the  N.W.  axis  No.  3,  approaching  from 
the  N.W.  corner  of  Susquehanna  County,  crosses  the  North  Branch  a  little  below  Tioga  Point,  the  Tioga  River 
about  two  miles  North  of  Covington,  and  Pine  Creek  near  the  Romad  Islands.    Thus  far  it  elevates  a  -wide  belt 
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of  the  Vergent  and  Cadent  strata,  margined  by  the  Ponent  red  sandstone,  here  much  attenuated  in  thick- 
ness. 

From  Pine  Creek  its  range  is  S.W.  to  Trout  Eun  of  Bennett's  Branch,  which  it  crosses  about  three  miles 
N.W.  of  Winslow.  Beyond  this  point,  it  sweeps  steadily  to  the  southward,  thi^ough  the  high  range  of  the  Elk 
Mountain,  crosses  the  East  Branch  of  Sandy  Lick  Creek,  near  the  Western  line  of  Clearfield  County,  and  passes 
about  two  miles  West  of  Punxutawney.  Its  course  thence  to  the  Kiskiminetas,  or  Conemaugh,  is  slightly  iiTe- 
gular,  intersecting  Little  Mahoning  Creek,  East  of  Smicksburg,  passing  close  to  MidcUetown,  and  crossing  the 
Kiskiminetas  about  three  miles  E.  of  Warren,  or  a  little  E.  of  Roaring  Run  (Routing  Run  on  the  Map). 

From  the  Round  Islands  on  Pine  Creek  to  the  East  Branch  of  the  Sinnemahoning,  the  third  axis  exposes, 
for  the  greater  portion  of  the  distance,  a  belt  of  the  Vespertine  sandstone,  although  in  crossing  the  eastern  streams 
of  Kettle  Creek  it  exhibits  upon  the  sides  of  their  deep  valleys  the  Upper  Vergent  rocks  and  the  thin  Ponent 
series  ;  for  it  must  be  held  in  mind  that  the  general  water-level  of  the  streams  which  reticulate  the  whole 
of  this  vast  region  is  always  many  hundred  feet  below  its  plateau  surface.  Beyond  the  Sinnemahoning,  as  far 
as  the  S.W.  termination  of  the  Elk  Mountain,  the  coarse  rocks  of  the  Serai  conglomerate  rise  high  upon  its  sides, 
while  the  Umbral  Red  Shale  arches  over  it  at  its  surface  stratum.  But  at  the  Southern  end  of  Elk  Mountain 
the  Coal-measures,  encroaching  from  both  sides  upon  the  stratima  of  Serai  conglomerate,  unite  or  close  over  the 
axis  before  it  reaches  the  East  Branch  of  Sandy  Lick,  and  from  this  point  of  junction,  to  the  termination  of  the 
axis  S.  of  Kiskiminetas,  it  is  arched  by  a  thicker  and  thicker  body  of  coal-rocks. 

The  Blossburg  Coal-field. — The  only  one  of  the  detached  coal-fields  appertaining  to  the  Third  Basin  which 
merits  a  place  in  this  general  description — indeed,  the  only  one  of  any  mag-nitude — is  that  of  Blossburg  on  the 
head-waters  of  the  Tioga  River.  It  lies  N.  of  the  upper  part  of  the  river,  the  part  that  flows  from  E.  to  W. 
along  the  middle  of  the  trough,  partly  in  Bloss  and  partly  in  Ward  townships,  and  extends  about  eight  miles 
Eastward  from  Blossburg  in  a  narrow  elliptical  form.  The  total  thickness  of  the  Coal-measures  is  about  200  feet, 
the  hUls  containing  the  formation  having  an  elevation  of  about  400  feet  above  the  bed  of  the  river.  The  coal- 
seams  near  Blossburg,  counting  great  and  small,  are  about  nine  in  number ;  five  of  these  being  small  non- 
persistent  beds,  and  the  others  not  averaging  more  than  3^  feet  in  thickness,  excepting  at  one  locahty  on  Moiris 
Run,  where  the  main  bed  exceeds  5  feet  in  thickness.  They  are  accompanied  by  beds  of  fire-clay,  and  some  iron 
ore  ;  but,  as  in  all  these  extreme  N.E.  prolongations  of  the  several  basins,  limestone  seems  wholly  wanting.  (See 
sections  at  Morris  Rim  and  Blossburg.) 

Between  Boon's  and  Johnson's  Creeks,  about  three  miles  Westward  of  the  Tioga  River,  and  in  geological 
line  with  this  main  field,  there  is  a  much  smaller  and  thinner  patch  of  the  coal-rocks,  including  probably  a  few  of 
the  lowest  seams. 

In  the  same  line,  still  further  to  the  S.W.,  is  another  still  more  shallow  portion  of  coal-rocks.  This  ranges 
across  Wilson's  Creek  to  Stony  Fork,  and  lies  between  8  and  9  miles  S.  of  Wellsborough.  Here  are  two  beds, 
both  of  moderate  size. 

Though  many  outlying  patches  of  the  Serai  conglomerates  occur  along  the  middle  of  the  trough,  from  Kne 
Creek  to  Driftwood  Branch,  that  rock  in  all  this  distance  nowhere  supports  any  tracts  of  the  Coal-measures,  or 
none  deserving  consideration  here.  On  the  W.  side  of  the  Driftwood  a  single  seam  has  been  discovered,  near 
the  level  of  the  highest  land,  but  occupying  a  very  circumscribed  area.  The  cause  of  this  is  to  be  found  in  the 
unusual  narrowness  of  the  Basin  here,  with  no  increase  of  steepness  in  its  synclinal  dips. 

The  Coal-measures  begin  to  occupy  continuously  the  third  basin  at  Bennett's  Branch  of  the  Sinnemahon- 
ing, S.W.  of  Trout  Run  ;  the  former  stream,  from  its  source  to  wathin  2  miles  of  the  latter,  flowing  nearly  in  the 
centre  of  the  trough.  From  Sandy  Lick  Creek  and  Anderson's  Creek  S.W.,  the  Coal-measures  of  this  basin  are 
united  with  those  of  the  adjoining  second  and  third  basins  across  the  intervening  axes  ;  but  from  these  streams 
N.K  the  belt  regularly  tapers  and  grows  shallower  to  its  termination  at  Trout  Run. 

At  Caledonia,  on  Bennett's  Branch,  about  5  miles  above  the  mouth  of  Trout  Run,  the  coal-rocks,  including 
the  conglomerate,  which  is  about  100  feet  thick,  compose  nearly  the  entire  series  of  strata  from  the  flats  of  tlie 
stream  to  the  hill- tops,  making  in  all  a  thickness  of  about  500  feet.    In  the  400  feet  of  Coal-measures  occur 
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6  distinct  seams  of  coal,  3  of  these  possessing  sufficient  thickness  to  be  valuable.  There  are  likewise  3  or  4 
beds  of  limestone,  and  some  layers  of  shale  rich  in  iron  ore. 

Where  the  Brookville  and  Clearfield  Turnpike  crosses  this  basin,  the  lower  beds  of  coal  arch  over  the  third 
axis  on  the  W.  into  the  fourth  basin,  while  in  the  centre  of  this  third  basin  3  seams  of  coal  have  been  proved, 
while  two  others  may  possibly  exist :  near  the  hill-tops  a  bed  of  limestone  is  also  found. 

At  Pmixutawney  the  W.  or  third  axis  has  so  subsided  that  the  limestone  (known  by  us  as  the  Free- 
port  Limestone)  and  underlying  coal-bed  (here  the  only  valuable  one,  and  8  feet  thick)  outcrop  upon  it,  while  a 
very  great  depth  of  the  still  higher  unproductive  measures  cover  the  surface,  or  fill  the  bed  of  the  basin  itself. 
These,  as  we  pass  on  S.,  still  increase  in  thickness,  mitil,  to  the  S.W.  of  the  town  of  Indiana,  and  along  the  centre 
line  of  the  basin,  we  find  the  great  Pittsburg  coal-seam,  capping  the  highest  knolls  between  the  streams,  itself 
sinking  deeper  and  deejier  veiy  gradually  under  overlying  rocks,  until,  at  the  Kiskiminetas,  3^  miles  W.  of 
Saltzburg,  not  less  than  175  feet  of  upper  measures,  containing  two  unimportant  coal-seam's,  overlie  it. 

As  a  consequence  of  the  gxeat  thickness  of  the  Barren-measures — about  500  feet — and  the  absence  of  the 
coal  which  overlies  the  Pittsburg  Coal,  possibly  that  which  attains  such  important  thickness  at  Karthaus  and 
other  places  to  the  N.E.,  the  Freeport  Limestone  and  Coal  are  the  only  beds  of  value  found  along  the  edges  of 
this  part  of  the  basin  we  are  describing.  But  as  a  heavy  limestone  mass  has  preserved  the  surface-land  from 
excessive  denudation,  and  left  it  comparatively  level,  we  find  that  these  beds  are  widely  spread  over  the  face  of 
the  country  to  the  W.  of  the  town  of  Indiana,  being  brought  up  by  the  third  axis  in  all  the  creeks,  where  they 
afford  the  people  an  abundance  both  of  fuel  and  lime. 

Considering  the  axis  of  Chestnut  Ridge  as  the  most  probable  E.  boundary  of  this  basin,  we  may  add  that  all 
along  its  line  the  lower  coal-seams  crop  out.  At  BlairsviUe  there  are  2  seams  of  considerable  size,  each  under- 
laid by  a  bed  of  liniestone  ;  and  E.  of  that  town  the  conglomerate  begins  to  saddle  the  axis. 


CHAPTER  IV. 

THE  FOUETH  BASIN  AND  ANTICLINAL  AXIS. 

A  HIGH  narrow  range  of  mountains,  deeply  and  frequently  gashed,  and  similar  in  all  respects  to  the  two  fii'st 
described,  stretches  from  the  Tioga  River  W.,  between  the  anticlinal  vaUeys  of  Wellsborough  on  the  S.  and  the 
Cowanesque  Creek  upon  the  N.  Composed  at  its  base  of  the  upper  part  of  the  Vergent  rocks  of  the  valleys — 
embracing  higher  on  its  sides  the  grey  Vespertine  sandstone  and  Umbral  shales,  the  Ponent  red  rocks  having 
nearly  thinned  out,  and  its  summit  capped  here  and  there  with  larger  or  smaller  patches  of  the  Serai  conglome- 
rate— it  rises  from  the  roUing  land  of  Bradford  County,  which  it  overlooks,  5  or  6  miles  E.  of  the  Tioga  River. 
This  stream  flows  transversely  across  it,  and  ranging  away  W.  by  S.  along  the  N.  side  of  Pine  Creek,  is  finally 
lost  iu  the  general  upland  of  S.  Potter  and  McKean  counties.  There  the  coal-rocks,  which  to  the  E.  are  found 
in  exceedingly  small  patches  at  the  summits,  occur  more  frequently,  and  after  passing  the  Driftwood  Branch  of 
Sinnemahoning,  become  a  continuous  basin,  growing  regularly  deeper  towards  the  S. 

It  may  be  well  to  speak  here  of  a  topographical  jjeculiarity  of  these  projecting  mountain  terminations  of  the 
several  basins  towards  the  E.,  because  the  opportunity  presents  itself  in  the  basin  under  consideration  for, 
perhaps,  its  happiest  illustration.  Recognising  the  general  law  of  water-courses,  as  descending  from  the  centre 
lines  and  summits  of  mountain-ranges  to  the  plain,  the  spectator  is  here  surprised  to  see  the  various  streamlets 
take  their  rise  along  the  centres  of  the  intervening  vaUeys,  and,  flowing  towards  and  into  the  mountain,  there 
unite  and  divide  it  lengthwise  ;  and  when  they  finally  flow  away  to  the  nearest  river  N.  or  S.,  seeking  an  exit 
by  a  separate  gap.  A  glance  at  the  map  wiU  exhibit  this  remarkable  phenomenon,  while  its  explanation  "vvill  be 
afforded  by  reference  to  General  Sections,  Nos.  IV.  and  VI.,  in  which  it  may  be  seen  that  the  waters  take  their 
rise  along  the  line  of  axis  in  the  valley,  flow  down  the  dip  of  the  rocks  toward  the  mountain,  and  collect  in 
streams  where  the  synclinal  trough  is  deepest. 
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Thus  is  the  mountain-range  of  the  first  basin  furrowed  lengthwise  by  the  Mahoopeny  and  Loyalsock  ;  that 
of  the  second,  by  the  Middle  Branch  of  Towanda  Creek  ;  the  third,  by  the  head-water  of  Tioga  River  ;  and  more 
remarkably,  the  fourth  and  fifth  by  the  branches  of  the  Crooked  Creek  and  Cowanesque.  So  with  the  first 
and  second  forks  of  Pine  Creek,  and  waters  further  W,  All  these  streams  have  the  tendency  to  seek  and  flow 
along  the  middle  of  each  basin,  and  leave  it  only  when  they  seek  thek  final  exit  into  the  lower  country  N.  or  S. 

The  course  of  the  fourth  axis,  which  crosses  the  Tioga  Eiver  2  or  3  miles  N.  of  the  State  line,  is  easily 
traceable  along  the  valley  in  which  flow  the  tributaries  of  the  Cowanesque  ;  but  after  entering  the  wild  upland 
at  the  heads  of  Pine  Creek  and  the  Alleghany,  it  becomes  difficult  to  tell  its  exact  position.  An  almost  unbroken 
forest  covers  the  greater  part  of  Potter  County,  in  which  the  indistinct  indications  of  the  very  gentle  dips  that 
distinguish  the  last  3  basins  universally  conceal  themselves.  Crossing  the  Driftwood,  3  miles  above  Portage  or 
Emporium,  and  perhaps  10  miles  above  Axis  No.  3,  the  fourth  axis  ranges  up  the  bed  of  West  Creek,  and  brings 
to  view,  in  the  creek,  the  upper  edge  of  the  Vergent  rocks  and  the  Ponent  red  sandstone  ;  while  the  Vespertine 
and  Umbral  series  appear  in  the  hill-sides,  and  to  some  extent  over.spread  the  face  of  the  country  above.  Thence 
curving  regularly  to  the  S.W.,  between  the  Clarion  River  and  the  Little  Toby,  and  ranging  through  the  central 
parts  of  Elk  County,  it  crosses  the  S.  Branch  of  Sandy  Lick  Creek,  2  J  miles  E.  of  Port  Barnett,  Little  Sandy  Lick 
Creek,  3  miles  from  its  junction  with  the  Red  Bank  Creek,  and  the  Mahoning,  near  the  mouth  of  Glade  Rim. 
After  passing  the  Cowanshannock,  7  miles  E.  of  Kittanning,  it  crosses  Crooked  Creek,  3^  or  4  miles  from  the 
Alleghany  River,  and  dies  away  upon  the  Eliskiminetas,      miles  from  its  moutL 

Along  its  whole  course  from  Tioga  River  to  the  head-waters  of  Trout  Run,  with  the  exception  of  patches 
of  Serai  conglomerate,  it  is  covered  by  the  Umbral  shales  and  sandstone  rocks  of  the  Vespertine  series  ;  but 
from  the  Little  Toby  Creek,  towards  the  S.,  by  an  increasing  thickness  of  Coal-measures. 

The  Coal-Measures. — But  one  bed  of  coal  above  the  Serai  conglomerate  is  found  in  this  basin,  E.  of  the 
Driftwood  Branch,  and  that  one  only  in  small  isolated  patches  along  the  central  Hue,  and  at  the  tops  of  the 
highest  hills.  It  is  seen  at  one  or  two  points  on  the  Pine  Creek  waters  in  Tioga  County,  and  on  the  Driftwood. 
At  the  former  localities  it  is  very  thin,  but  increases  in  importance  as  we  go  W.  On  the  Driftwood  it  measures 
4J  feet  in  thickness,  and  is  found  .50  feet  above  the  conglomerate. 

After  passing  the  Ridgway  Tm-npike  the  basin  rapidly  deepens,  and  contains,  on  the  Little  Toby  and  Brandy 
Camp  creeks,  six  beds  of  coal,  3  of  which  display  a  thickness  of  3  feet.  Three  beds  of  limestone  accompany 
them  in  various  localities. 

At  the  Brookville  Turnpike  the  lower  beds  arch  over  into  the  third  basin  last  described,  but  continue  to 
crop  out  towards  the  W.  upon  the  flanks  of  the  fourth  axis.  This  is  due  to  the  shallowness  of  the  basin,  and  its 
very  gentle  subsidence  towards  the  S.W.  The  higher  beds,  those  of  the  Freeport  series,  are  not  therefore  found 
in  it,  until  we  pass  S.  of  the  Turnpike,  when  they  assume  their  places  in  the  centre  of  the  trough ;  and  as  we 
continxie  to  go  S.,  they  spread  gi-adually  over  it,  and  at  length  arch  over  either  axis  into  the  basins  to  the  R  and  W. 
At  this  point  the  central  line  of  the  basin  is  occupied  in  turn  by  the  higher  unproductive  measures. 

At  the  crossing  of  the  Turnpike  on  the  E.  Branch  of  Sandy  Lick  Creek,  are  3  beds  of  coal  and  2  beds  of 
limestone.    The  uppermost  bed  here  is  a  noble  coal-seam  8  or  9  feet  thick. 

At  Smicksburg,  on  the  Mahoning,  are  found  the  Freeport  upper  and  lower  coal-seams,  with  their  included 
limestone  stratum,  the  upper  coal-bed  measuring  4i  feet  in  thickness.  From  the  ]\Iahoning  S.  to  the  Kiski- 
minetas  these  beds  are  the  common  ones  of  the  basin,  occurring  at  the  level  of  most  of  the  small  streams,  wliile 
the  hills  above  are  composed  of  unproductive  higher  measm'es. 


CHAPTER  V. 

FIFTH  BASIN  AND  ANTICLINAL  AXIS. 

A  FIFTH  synclinal  range  of  mountain-land,  similar  in  all  respects  to  the  precediag  one,  enters  the  State  along 
the  Northern  Une  of  Tioga  County,  bounded  on  the  S.  by  the  straight  vaUey  of  the  Fourth  or  Cowanesque  Creek 
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axis.  Its  Northern  limit,  which  enters  the  State  at  the  extreme  N.W.  corner  of  Tioga  County,  is  irregular,  and  is 
not  traceable  by  a  mountain  escai'pment.  In  New  York  State  this  range  of  Carboniferous  strata  terminates  in 
the  neighbourhood  of  the  Tioga  or  Chemung  River. — (See  the  New  York  Geological  Map.)  No  Coal-measures 
have  been  discovered  capping  its  conglomerate  covering,  until  we  approach  Coudersport.  The  upper  of  the 
Vergent  series  sweeps  fi-om  the  valley  of  the  Cowanesque  Creek,  around  its  termination  in  New  York,  and  ranges 
along  its  Northern  margin. 

Its  connection  with  the  general  table-land  of  Potter,  M'^Kean,  Elk,  and  Forest  counties,  is  accomplished 
without  any  abrupt  change  of  topographical  character  ;  first,  because  of  the  increasing  gentleness  of  the  dip  which 
marks  the  successive  basins  as  we  proceed  N.  ;  and  next,  by  reason  of  the  increasing  agreement  in  structure 
between  the  rocks  of  the  Vergent,  and  Vespertine  and  Umbral  series,  in  the  same  direction.  By  the  former  the 
results  effected  by  general  denudation  become  less  definite  along  the  lines  of  the  trough  and  anticlinal  axis,  the 
flexures  disappearing  in  an  almost  universal  horizontality.  By  the  latter,  the  difference  in  amount  of  denuda- 
tion upon  the  rocks  of  the  valley  and  the  rocks  of  the  mountain  gi'ows  smaller  Northward,  and  forbids  that 
boldness  in  the  synclinal  mountain  escarpments  here,  which  gives  its  clearest  feature  to  the  region  of  the  basins 
further  S. — (See  General  Section  VI.)  Thus  the  whole  country  is  much  elevated,  and  at  the  same  time  deeply 
and  irregularly  grooved  by  all  the  water-courses.  In  these,  especially  along  the  line  of  the  fifth  axis,  the  Ver- 
gent rocks  are  discovered  ;  their  upper  edge  being  at  a  less  or  greater  height  above  the  water-level,  while  the 
chief  portion  of  the  country  above  is  composed  of  the  Vespertine  sandstone  and  the  Umbral  formation,  on  which, 
between  the  streams,  and  generally  along  the  middle  of  the  basin,  lies  the  massive  stratum  of  the  Serai  conglo- 
merate.   This  will  better  be  described  in  connection  with  the  coal. 

The  curve  of  the  Fifth  and  last  axis  conforms,  as  far  as  it  is  Imown,  with  that  of  the  axes  to  the  S.E.  of  it, 
being  difficxdt  to  trace  with  accuracy  as  to  its  summit-line,  because  of  the  extreme  .slightness  of  its  clips  both 
Northward  and  Southward.  It  enters  Pemrsylvania  near  the  Genesee  River,  crosses  Potato  Creek  near  Smeth- 
port,  bends  Southwardly  through  the  wilderness  of  M'^Kean  and  Elk  counties,  crosses  the  Clarion  River  5  miles 
below  the  mouth  of  Millstone  Creek,  and  the  Brookville  Turnpike  W.  of  the  Old  State  Road  between  Kittanning 
and  Olean,  and  entering  the  country  W.  of  the  Alleghany  River,  between  the  mouth  of  the  Mahoning  and  that 
of  Red  Bank  Creek,  passes  on  between  the  heads  of  Deniston's  and  Limestone  Runs,  crosses  Buffalo  Creek  3  miles 
above  Worthington,  and  dies  out  in  a  line  3  miles  W.  of  that  village. 

From  the  entrance  of  this  axis  into  the  State,  as  far  as  to  the  Alleghany  River  near  Smethport  in  M'^Kean 
County,  it  is  everywhere  covered  by  the  Vergent  and  Vespertine  series,  the  limits  of  which,  as  distinct  formations, 
have  not  yet  been  clearly  defined.  Thence  Southward  beyond  the  Clarion  it  supports  the  Serai  conglomerate 
strata,  arched  in  one  or  two  places  by  the  lowest  coal.  Where  the  deep  and  narrow  valleys  of  the  streams — 
and  these  are  very  numeroixs — have  cut  through  the  conglomerate,  the  rocks  below  it  are  exposed.  At  the 
Brookville  Turnpike,  the  first  great  Serai  sandstone  above  the  conglomerate  is  for  the  first  time  clearly  recog- 
nised arching  the  axis  ;  and  then  successively  follow,  from  this  point  Southward,  the  beds  of  the  Clarion  and  the 
Freeport  groups.  The  former  throw  their  outcrops,  one  after  the  other,  across  the  axis,  between  the  Tm-nplke  and 
the  Alleghany  River ;  the  latter  do  the  same  beyond  the  river. 

Coal  Beds  of  the  Fifth  Basin. — The  central  line  of  the  Fifth  Basin  passing  about  5  miles  to  the  N.  of  Cou- 
dersport, a  single  coal-bed  is  found  in  many  localities  above  the  Conglomerate,  but  it  is  of  no  great  value.  As 
we  proceed  Westward  the  measures  are  increased  by  the  addition  of  the  Tionesta  sandstone,  with  several  beds 
beneath  it,  and  one  or  two  of  the  coal-beds  over  it.  This  is  the  case  on  the  highland  on  each  side  of  Potato  Creek, 
to  the  S.  of  Smethport,  and  a  few  miles  stiU  fm-ther  W.,  where  we  have  a  number  of  coal-beds  several  feet  thick, 
and  a  limestone  stratum  1 5  feet  thick. 

The  N.W.  outcrop  of  the  Coal-measures  here  coincides  very  nearly  with  the  course  of  the  Turnpike  Road  from 
Smethport  to  Ridgway,  the  Fifth  axis  bringing  up  the  rocks  of  the  Serai  conglomerate  N.  of  the  Turnpike. 

The  Basin,  as  we  follow  it  towards  the  S.,  deepens  very  little,  if  at  all,  and  we  have  at  Brookville  the  same 
beds  as  in  its  more  Northern  portion.  At  the  tops  of  the  highest  hills,  here  and  there,  along  the  centre  of  the 
basin,  even  as  far  to  the  N.E.  as  Instantm-,  limestone  is  sometimes  found,  but  nowhere  as  a  valuable  continuous 
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bed,  until  we  descend  the  Red  Bank  Creek,  where  the  basin  rapidly  deepens,  and  the  whole  of  the  Clarion  group, 
with  its  top  sandstone,  the  Freeport  sandstone,  becomes  well  developed.  At  Kittanuing,  the  Tionesta  sandstone 
has  sunk  below  water-level,  and  at  Freeport  the  whole  Clarion  group,  its  place  being  occupied  by  the  gTOup  next 
above,  or  the  Freeport  group  ;  while  the  bottom  rocks  of  the  stiU  higher  Barren  groujj  cap  the  hills. 

In  this  more  Southern  part,  the  Fifth  Basin  is  fruitful  of  coal  and  limestone.  Along  the  Eed  Bank  Creek 
and  its  tributaries,  we  everywhere  meet  with  the  Brookville,  Clarion,  and  Kittanning  coals,  and  the  limestone  of 
their  series,  the  Ferriferous.  The  three  coal-seams  mentioned  average  3  feet  in  thickness,  and  the  limestone  is 
always  a  useful  bed,  from  4  to  6  feet  thick,  frequently  supporting  a  stratum  of  iron  ore,  much  sought  for,  and 
often  very  valuable.  These  beds,  as  has  been  said  above,  arch  over  either  axis  into  the  Fourth  and  Sixth  Basins, 
and  therefore  to  the  S.  must  be  conceived  of  as  spreading  through  the  whole  country,  until  they  gradually  sink 
below  water-level.  Upon  the  Alleghany  River,  below  the  mouth  of  the  Mahoning  Creek,  the  ferriferous  lime- 
stone becomes  a  most  important  stratum,  averaging  for  many  mUes  full  15  feet  in  thickness,  and  sustaining  gene- 
rally a  peculiar  buhrstone  ore  upon  its  upper  surface.  The  latter  is  often  1,  2,  and  even  5  feet  thick,  as  at  Alle- 
ghany Furnace.  Between  Freeport  and  Kittanning,  however,  these  valuable  rocks  sink  together  gradually  below 
the  bed  of  the  river  and  the  general  water-level  of  the  middle  of  the  basin,  and  the  thinner  limestone  of  the 
Freeport  group  next  above  descends  with  equal  gradations  from  the  highland,  and  takes  its  place,  accompanied 
by  the  upper  and  lower  Freeport  coal-beds,  each  averaging  in  thickness  about  3  feet.  These  are  the  common 
beds  of  the  country  to  the  E.  and  W.  of  Freeport,  and  their  outcrops  in  the  Sixth  Basin  wiU  be  traced  as  they 
stretch  through  it  into  the  State  of  Ohio.  The  Elk  Lick  bed  of  coal,  which  we  have  reason  to  believe  much 
more  irregular  than  any  of  the  rest,  is  poorly  represented  in  this  basin,  and  is  only  once  found  to  be  workable. 
This  locality  is  upon  Crooked  Creek. 

Tlie  lowest  or  Tionesta  group  is  also  poorly  developed  in  the  S.W.  part  of  the  Fifth  basin,  being  destitute  of 
limestone,  and  generally  with  but  one  coal-bed,  and  that  of  very  moderate  size. 


CHAPTER  VI. 

THE  SIXTH  COAL-BASIN  AND  FINAL  OUTCROP  OF  THE  NORTH-WEST. 

A  LINE  drawn  in  a  W.S.W.  direction  from  Kenzua  on  the  Alleghany  River,  near  the  Western  county-Une 
of  McKean,  through  Sandy  Lake,  Mercer  County,  to  Youngstown,  on  the  Mahoning  River,  in  the  State  of 
Ohio,  will  define  with  tolerable  accuracy  the  North-western  limit  or  outcrop  of  the  lowest  coal  in  this  Sixth  and 
last  basin  of  the  great  Bituminous  Coal  region.  This  outcrop  is,  however,  by  no  means  a  straight  line  ;  for  every 
valley  along  this  boundary-line,  and  for  many  miles  inward  to  the  S.S.E.,  cuts  necessarily  down  through  the  coal, 
and  develops  the  lower  rocks,  even  far  down  into  the  Vergent  series.  Thus  every  intermediate  high  hiU  or  patch 
of  table-land  becomes  an  isolated  coal-field,  less  or  greater  in  area,  according  to  circumstances,  dependent  upon 
the  amount  of  local  denudation. 

Beyond  this  line,  North-westwardly,  none  of  the  Coal-measures  above  the  Serai  conglomerate  extend ;  but 
the  conglomerate  itself,  in  an  irregular  band,  ranging  parallel  to  the  line,  caps  all  the  land  between  the  vaUeys, 
and  presents  in  its  turn  an  escarpment  towards  Lake  Erie,  along  a  line  drawn  parallel  to,  and  at  an  average 
distance  of  10  miles  from  that  above  given.  The  Vereent  strata  issue  from  beneath  the  conglomerate,  and 
occupy  in  a  succession  of  terraces  the  rest  of  the  distance  to  the  shore  of  the  Lake  ;  while  the  absence  of  the  Ves- 
pertine and  Umbral  series  is  accounted  for  by  the  complete  thinning-away  of  those  strata  or  by  their  coalition 
with  the  upper  Vergent  rocks,  so  as  to  be  quite  indistinguishable  lithologically  from  them. 

Beneath  the  Conglomerate  we  find,  in  place  of  a  well-defined  Vespertine  stratum,  a  small  group  of  Coal- 
measures,  which  will  be  presently  described,  and  an  analogy  ekawn  between  them  and  a  series  holding  a  similar 
position  in  the  extreme  Southern  part  of  the  State. 
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It  only  remains  to  add,  that  outside  of  the  band  of  conglomerate  mentioned  above,  there  occur  here  and 
there,  upon  the  very  highest  groimds,  several  small  outljdng  patches  of  that  rock  which  have  resisted  tlie  general 
denuding  force  which  has  elsewhere  laid  bar^the  upper  surface  of  the  lower  rocks.  One  such,  for  instance,  may 
be  found  upon  the  State  line  of  New  York,  in  the  N.W.  corner  of  Warren  County,  and  several  others  around  Mead- 
ville.   The  shape  and  size  of  these  in  their  superficial  area  can  only  be  usefully  known  by  a  reference  to  the  Map. 

Coal-Measu7-es  of  the  Sixth  Basin,  Tionesta  Group. — Commencing  our  description  of  the  Coal-measures  of 
the  Sixth  Basin  at  the  N.E.  end,  as  usual,  it  may  be  remarked,  that  from  the  Genesee  Eiver  to  the  Tunamaguont  * 
Creek  the  country  between  the  water-courses  is  everywhere  overspread  by  the  Serai  conglomerate,  no  coal  being 
seen,  with  the  exception  of  one  small  seam  below  the  conglomerate,  until  we  reach  the  head-waters  of  the  latter 
stream.  Most  of  the  valleys  expose  the  conglomerate  ;  the  underlying  sandstones  and  shales,  with  their  included 
limestone  beds,  are  all  of  carboniferous  age,  and  the  deep  red  slates  probably  of  the  Ponent  and  Vergent  sand- 
stones, here  perhaps  100  feet  in  thickness,  often  occur  at  the  water-level. 

The  first  coal-beds  above  the  conglomerate  make  their  appearance  on  the  head-waters  of  the  Tunama- 
guont, and  at  the  nearest  point  about  5  miles  to  the  W.  of  Smethport.  An  outlying  patch  about  4  miles 
long,  and  1  ^  miles  wide,  is  seen  between  the  branches  of  Sugar  Creek  to  the  E.  of  Kenzua  village,  and  several 
smaller  areas  occur  still  further  E.  towards  Tunamaguont.  About  4  miles  W.  of  Kenzua,  on  the  opposite  side 
of  the  Alleghany  River,  occurs  a  very  small  patch  of  the  same  ;  and  there  is  an  extensive  area  of  it  along  the  N.E. 
side,  and  between  the  main  forks  of  Kenzua  Creek  and  the  head- waters  of  the  Clarion  River. 

From  the  line  of  Kenzua  Creek  S.W.,  the  area  of  the  coal  becomes,  so  to  speak,  continuous,  because  only 
intersected  by  the  very  numerous  rapines  of  denudation.  A  little  S.  of  the  mouth  of  Tidioute  Creek  its  N.  edge 
crosses  the  Alleghany  River,  and  thence  to  Oil  and  French  creeks,  it  occupies  seven  larger  patches  of  table-land 
between  the  larger  creeks.  Its  limit  to  the  S.E.  is  parallel  to,  and  2  or  3  miles  distant  from,  the  crest  of 
the  fifth  anticlinal  axis,  until  that  axis  strikes  the  Clarion,  where  this  group  of  strata  arches  over  it,  and  runs 
back  in  the  basin  last  described  towards  the  N.E. 

Over  all  this  country,  to  the  E.  of  the  Alleghany  River,  and  as  far  down  towards  Kittanning  as  they  have  been 
found,  being  occasionally  brought  to  view  by  the  axes,  the  two  or  three  coal-beds  of  this  group  are  unimportant 
seams,  seldom  exceeding  1|  or  2  feet  in  thickness,  and  being  generally  poor  in  quality.  They  occur  to  the  N.E., 
within  a  mass  of  shales,  from  40  to  60  feet  in  thickness,  over  which  is  spread  the  great  Tionesta  sandstone 
of  nearly  equal  bulk.  This  sandstone  stratum  forms  the  surface  of  every  plateau  between  two  streams,  as  far  as 
the  Clarion  River.    There  it  begins  itself  to  be  covered  in  turn  by  the  rocks  of  the  Clarion  series. 

West  of  the  AUeghany  River  and  French  Creek,  a  great  change  is  observable  in  the  rocks  between  the 
conglomerate  and  the  Tionesta  sandstone.  This  change  attains  its  maximum  in  the  neighbourhood  of  Mercer, 
where  we  find  the  interval  to  reach  100  feet,  and  to  contain  four  coal-beds,  the  upper  one,  the  Tionesta  Coal, 
being  6  feet  thick,  and  the  other  three  averaging  1|  feet  in  thickness,  with  a  limestone  bed  (the  Mercer  Lime- 
stone) sometimes  4  feet  thick.  Still  further  to  the  S.W.,  and  in  the  neighbourhood  of  Newcastle,  on  Beaver 
River,  another  limestone  bed  (the  Mahoning  Limestone),  2  feet  thick,  is  interposed  immediately  under  the 
Tionesta  sandstone  ;  while  the  Tionesta  Coal-measures  have  there  resumed  their  former  insignificance  as  produc- 
tive strata. 

Sharon  Group. — In  the  neighbourhood  of  Sugar  Lake,  10  or  12  miles  N.W.  of  the  town  of  Franklin,  a  series 
of  rocks,  resembling  the  Coal-measures,  makes  its  appearance  beneath  the  main  body  of  the  Serai  conglomerate. 
This  group  of  coal-strata  is  not  to  be  considered  as  a  lower  coal-formation,  but  as  merely  a  part  of  the  lower  group 
of  the  Coal-measures,  locally  developed  by  increase  of  the  coal-beds,  and  a  proportionate  reduction  of  the  pebbly 
matter  of  the  sandstones.  Becoming  better  developed  as  we  trace  it  N.,  it  is  found  to  consist  usually  of  a  siugle 
coal-bed  from  12  to  20  feet  below  the  base  of  the  conglomerate,  generally  quite  thin  and  poor,  but  attaining,  in 
the  neighbourhoods  of  Georgetown  and  Sharon,  the  thickness  of  5  feet. 

At  intervals  of  15  and  20  feet  below  this  bed,  are  found  in  one  locality,  6  miles  N.W.  of  Mercer,  two  other 
coal-beds,  1 1  and  2  J  feet  thick  respectively.     At  Georgetown,  valuable  iron-ore  overlies  the  bed  first  described. 


*  Sometimes  Tunuangwant ;  but  we  spell  here  as  in  the  "  Gazetteer  of  the  United  States." 
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Small  as  this  coal-sefim  generally  is,  it  is  known  to  extend  to  a  great  distance,  as  it  has  not  only  been  found 
to  the  N.,  tit  ]\Ieadville,  and  to  the  S.  at  Lawrenceburg,  but  as  far  down  the  AUeghany  River  as  the  mouth  of 
the  Mahoning  Creek,  where  it  is  represented  by  three  very  small  seams,  each  only  a  few  inches  thick. 

Clarion  Group. — The  base  of  this  group  of  coal-bearing  strata,  which  measures  in  many  places  175  feet, 
though  in  one  district  it  is  said  to  be  98  feet,  is  the  Tionesta  sandstone,  a  coarse  grey  or  yellowish  rock,  some- 
times much  blotched,  and  streaked  with  peroxide  of  iron,  and  overspreading,  as  mentioned  above,  all  the  N.K 
part  of  the  Sixth  Basin.  In  the  higher  hills  about  Lafayette,  and  at  the  head-waters  of  the  Kenzua,  it  is  capped 
by  a  body  of  coal-bearing  strata,  including,  in  some  places,  five  or  six  distinct  seams  of  coal.  We  have  not 
followed  the  basin  critically  through  the  wilderness  of  Forest  County  ;  but  the  roUing  character  of  the  trough 
itself,  when  so  immensely  expanded,  does  not  favour  increased  thickness  of  coal-strata  within  it  going  S.W. 
Thus,  as  far  S.W.  as  Racoon  Creek,  in  Venango  County,  we  find  knolls  and  small  ridges,  containing  only  one  or 
two  beds  of  coal,  above  the  Tionesta  sandstone  (the  Brookville  and  Clarion  coals),  which  sometimes  have  their 
summits  covered  with  fragments  of  the  next  superior  bed  of  limestone,  the  Ferriferous  hmestone.  These,  how- 
ever, soon  become  continuous  beds,  and  are  overlaid  by  the  Kittanning  Coal-bed  in  Richland  and  Beaver  Creek 
townships.  The  outcrop  of  this  latter  bed  is  far  more  irregular  than  usual,  and  more  difficult  to  trace,  because, 
instead  of  being  protected  by  a  hard  stratum  of  sandstone,  it  supports,  and  is  supported  by,  many  feet  of  soft 
argillaceous  shales,  afibrding  little  or  no  resistance  to  the  denudation,  which,  in  acting  readily  upon  the  shales, 
has  also  swept  away  the  included  coal.  This  is  the  case  along  its  N.  and  N.W.  outcrop,  where  the  Freeport 
sandstone,  which  is  the  upper  limit  of  this  group,  is  separated  from  the  coal  by  many  feet  of  such  shales. 

Outcrops. — In  tracing  the  outcrops  of  the  coal-beds  in  the  Sixth  Basin,  it  should  be  noticed  as  preliminary, 
that  the  two  counter-dips  of  the  basin  are  very  unequal  in  length.  The  dip  from  the  N.W.  is  not  more  than 
one-seventh  of  a  degree  ;  while  that  from  the  axis  towards  the  N.W.  diverges  2°.  Hence  the  geological  centre- 
line of  the  basin  or  synclinal  axis  ranges  parallel  with  the  fifth  axis  not  more  than  5  nules  distant.  It  is  in  this 
line,  of  course,  that  the  beds  have  their  greatest  N.E.  prolongation. 

The  Brookville  Goal. — This  bed,  lying  immediately  upon,  or  a  few  feet  above,  the  Tionesta  sandstone,  has 
an  irregular  outcrop,  coinciding  in  the  main  with  that  of  the  Claiion  coal  and  Ferriferous  limestone  above  it, 
and  it  will  be  best  described  with  theirs.  To  the  N.E.  and  E.  this  coal  is  a  large  and  useful  bed  ;  but  it  dwindles 
away,  and  almost  disappears  when  traced  W.  towards  the  Ohio  River.  In  Rockland  township,  S.E.  of  the 
town  of  Franklin,  it  is  divided  into  four  beds  about  2  feet  apart,  the  lowest  measuring  5  feet,  and  the  whole 
containing  7|-  feet  of  coal.  This  is  indeed  an  unusual  thickness  for  this  coal-seam,  and  only  a  few  miles  off  it 
consists  of  three  seams,  which  are  in  all  but  2  feet  thick.  Its  average  thickness  along  the  fifth  axis  and  the 
Clarion  River  may  be  considered  to  be  4  feet.  Further  down  the  Alleghany  River,  and  on  the  Kiskiminetas  it 
seldom  exceeds  1  foot,  and  upon  the  Ohio  River,  and  in  the  neighbourhood  of  Beaver,  it  is  found  varying  from 
2  to  6  inches  in  thickness  ;  while  higher  up  the  Beaver,  as  at  Newcastle,  it  again  assumes  a  thickness  of  3  and  4 
feet. 

Clarion  Coal  and  Feri'iferous  Limestone. — The  extreme  N.E.  limit  of  the  uppermost  of  these  beds,  the 
limestone,  is,  as  far  as  known,  just  within  the  line  of  Forest  County  north  of  the  Clarion  River.  Although  a 
section  of  the  strata  in  M'Kean  County  represents  coal-beds  certainly  higher  in  the  series  than  this  limestone, 
no  trace  of  it  is  yet  discovered. 

The  Clarion  Coal-bed,  which  is  about  1 5  feet  under  it,  occurs  in  patches  somewhat  beyond  the  hmit  of 
Hmestone  above  indicated.  But  by  drawing  a  fine  through  the  outermost  patches  of  the  limestone,  the  outcrop  of 
the  Clarion  Coal-bed  will  also  be  determined.  Such  a  line  will  cross  the  fifth  axis,  near  the  Brookville  and 
FrankUn  turnpike  ;  thence  curving,  to  range  nearly  parallel  with  and  about  2J  miles  from  the  axis,  it  will  cross 
the  Clarion,  and  sweep  round  close  by  the  S.  head-waters  of  Racoon  Creek  towards  Franklin,  until  it  reaches 
Pine  Creek,  a  branch  of  Six-mile  Run.  Here  it  will  bend  to  the  S.W.,  cross  the  Alleghany  a  mile  below  the 
bend  at  Scr-ubgrass  Creek,  and  thence  pass  due  W.  to  within  5  miles  of  Mercer.  There  it  turns  to  the  S.,  crosses 
Hart's  Run  3  miles  from  its  mouth,  and  ranges  down  to  the  mouth  of  the  Little  Neshannock,  and  so  down  the 
W.  side  of  the  Neshannock  Creek  to  Newcastle.  As  it  merely  touches  on  the  high  ridge  S.  of  New  Bedford,  its 
outcrop  may  be  said  to  enter  the  State  of  Ohio  south  of  the  Mahoning. 
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In  thus  tracing  the  outcrop  of  the  Clarion  group  of  coal-beds,  we  have  left  out  of  consideration  the  Coal- 
measures  based  upon  the  Tionesta  Sandstone,  in  M'Kean  County,  because  the  limit  of  those  seams  is  very 
imperfectly  known,  and  there  is  difficulty  in  a  satisfactory  correlation  of  the  strata. 

The  Clarion  Coal-bed  exhibits  a  variation  in  thickness  similar  to  that  of  the  Brookville  Coal,  but  the  direc- 
tion in  which  this  difference  increases  is  nearly  opposite.  This  bed  thickens  to  the  S.W.  as  that  one  does  to 
the  E. ;  but  in  neither  case  is  much  regularity  in  increase  or  decrease  to  be  reckoned  upon.  It  is  scarcely  1  foot 
thick  anywhere  along  the  Clarion  and  Red-Bank,  in  the  neighbourhood  of  the  fifth  axis ;  but  as  we  go  W.,  it 
increases  in  thickness.  At  Shippenville  it  is  2|  feet ;  on  Rocklar  Creek,  3|-  feet ;  and  in  the  N.W.  corner  of 
Butler  County,  in  one  locality,  it  is  G  feet  thick.  On  the  Beaver  River  its  average  thickness  is  about  2^  feet. 
— (See  the  Sections). 

In  the  N.  townships  of  Butler  Coimty,  and  in  Scrubgrass  and  Irwin  townships  of  Venango  County,  the  30 
or  40  feet  of  brown  shale  which  separate  this  coal-bed  from  the  Brookville  coal  below  it  are  the  chief  repositoiy 
of  the  nodular  iron-ore  made  use  of  in  that  part  of  the  country. 

The  Ferriferous  Kmestone  is  so  called  because,  in  many  localities,  such  as  the  Deal  Bank,  near  Shippenville, 
on  Point  Creek,  and  at  the  furnaces  W.  and  S.  of  Kittanning,  a  very  valuable  deposit  of  iron  ore  rests  directly 
upon  it,  while  in  other  localities  the  bed  of  limestone  itself  seems  to  be  divided  between  carbonate  of  lime  and 
carbonate  of  iron.  This  ore  is  accompanied  by  a  species  of  chert  called  "  The  Buhr-stone,"  which,  as  seen  on 
Point  Creek,  is  compact  in  its  texture,  externally  grey,  but  light  blue  where  newly  fractured,  and  usually  inter- 
posed between  the  limestone  and  the  ore.  The  latter  is  variable  in  its  character,  sometimes  a  solid  hard  blue 
fossiliferous  stratum  like  limestone,  again  consisting  of  crusts  or  shells,  which  contain  cavities  and  perfectly- 
formed  nuclei.    It  varies  in  thickness  from  6  inches  to  as  many  feet. 

This  limestone  band,  which  apparently  has  its  N.E..  limit  along  the  Susquehanna  and  Sinnemahoning  waters, 
although  its  Eastern  point  has  not  with  certainty  been  fixed,  retains,  nearly  to  the  Alleghany  River,  a  very  uniform 
character,  and  a  thickness  seldom  exceeding  4  feet.  As  it  approaches  this  stream  it  increases  in  size,  being  ]  0 
feet  in  thickness  at  Franklin,  and  15  feet  at  Kittanning.  On  the  Beaver  River,  still  fm-ther  to  the  W.,  it  is  12 
feet  thick,  and  20  feet  at  its  point  of  subsidence,  beneath  the  water-level  of  the  Ohio  River.  It  is  usually  a  blue 
carbonate  of  lime  of  compact  structure  ;  but  it  is  often  of  a  grey-blue  colour,  hard  and  solid,  with  a  few  fossils, 
Atrjrpa,  Encrini,  and  Terebratulse.  Sometimes,  as  in  the  Sandy  Lake  township,  S.W.  of  Franklin,  it  is  even 
divided  into  two  beds  by  more  than  12  inches  of  clay,  and  a  few  inches  of  coal. 

The  Scrubgrass  Coal-bed. — Underneath  this  limestone  bed,  at  several  localities,  in  the  country  lying 
between  Newcastle  and  Franklin,  a  smaU  coal-bed  makes  its  appearance,  worthy  perhaps  of  notice  in  this  sum- 
mary, although  its  maximum  thickness  is  but  20  inches.  At  Newcastle  the  limestone  lies  immediately  upon  it ; 
elsewhere,  a  few  feet  of  other  strata  intervene. 

In  the  basins  to  the  S.E.,  the  first  coal-bed  over  the  ferriferous  limestone  is  the  ferriferous  coal ;  but  in  the 
coimtry  we  are  now  describing,  that  bed  is  never  found.    The  next  in  order,  therefore,  is  the 

Kittanning  Coal-bed. — This  coal-seam  lies  generally  about  30  feet  above  the  ferriferous  limestone  ;  but 
sometimes  the  interval  amounts  to  67  feet,  as  on  Beaver  River,  and  even  to  80  feet,  as  on  the  Clarion.  Throughout 
this  basin  it  is  ever3nvhere  very  uniform,  averaging  3  feet  in  thickness,  seldom  becoming  less  than  2  feet,  and  never 
more  than  4  feet  thick.  Upon  the  Clarion,  W.  of  Brookville,  however,  it  suffers  a  local  diminution,  which 
reduces  it  to  a  thickness  of  a  few  inches. 

Its  outcrop  crosses  the  Fifth  Axis,  between  the  head-waters  of  Leatherwood  Creek  and  Licking  Creek, 
passes  on  N.  and  N.E.,  parallel  to  and  close  by  the  axis,  bends  round  sharply  near  Roseburg,  skirts  the  Clarion 
VaUey,  which  it  crosses  at  the  mouth  of  Deer  Point  Creek,  proceeds  thence  N.  to  Shippenville,  and  then  turns  and 
crosses  the  Alleghany  3  or  4  miles  above  the  mouth  of  the  Clarion.  It  then  ascends  the  W.  side  of  the  Alleghany 
River  for  a  short  distance,  takes  a  Westerly  course,  parallel  to,  and  about  7h  miles  N.  of  the  Butler  and  Venano-o 
County  line,  and  closely  approximates  the  outcrop  of  the  ferriferous  limestone-band,  before  described,  upon  the 
Neshannock  Creek.  The  outcrop  of  the  coal-bed,  however,  keeps  off  again,  down  the  S.E.  side  of  the  Neshan- 
nock  Valley,  and  crossing  the  Beaver  River  at  the  mouth  of  the  Mahoning,  strikes  off  due  W.  into  the  State  of 
Ohio. 
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The  Freeport  Sandstone. — This  second  great  Coal-measure  sandstone — the  base  of  which  on  Eed  Bank  Creek, 
is  75  feet  above  the  Kittanning  Coal  last  described,  and  the  top  of  which,  opposite  the  mouth  of  Red  Bank 
Creek,  immediately  underlies  the  Freeport  Coal,  next  to  be  described — is  by  no  means  an  invariable  component 
of  the  Coal-measures.  Although  spread  out  as  a  persistent  member  of  the  great  series  over  a  vast  extent  of 
country,  from  Somerset  County  to  the  S.,*  and  beyond  the  Alleghany  River  to  the  W.,  to  the  extreme  N.E. 
limits  of  the  Third  Basin,  where  it  seems  to  have  had  an  agency  in  preserving  from  more  extensive  denudation 
the  coal  of  the  Blossburg  field,  we  find  it  frequently  degenerating  locally  into  shaly  sandstone,  more  or  less 
coarse,  or  even  into  shale  of  only  a  few  feet  thickness.  This  is  especially  the  case  toward  the  N.W.  limit  of  this 
sixth  basin. 

The  Fi'eeport  Group. — The  outcrop  of  the  lower  Freeport  Coal-bed  enters  the  sixth  basin  over  the  fifth 
axis,  at  a  point  a  mile  or  two  W.  of  Worthington,  7  miles  from  Kittanning,  and  ranges  along  the  W.  side  of 
the  axis  to  the  mouth  of  Red  Bank  Creek.  Reaching  Licking  Creek,  it  recurves,  and  again  crosses  the 
Alleghany  River  3  miles  below  Lawrencebm-g.  Thus  a  portion  of  the  area  covered  by  this  coal-bed  is  prolonged 
across  the  Alleghany  River,  but  it  is  of  trivial  dimensions,  not  exceeding  in  its  widest  part  7  mUes  in  breadth, 
nor  nine  miles  in  its  entire  length,  and  holding  also  within  these  narrow  limits  the  still  smaller  concentric 
areas  of  the  two  superior  beds  of  limestone  and  of  coal  that  will  next  come  in  order  for  description.  From 
the  W.  side  of  the  Alleghany  River,  the  outcrop  of  the  lower  Freeport  Coal-bed  takes  a  W.  by  N.  com-se  to  the 
Butler  and  Scrubgrass  Road.  Here  it  turns  slightly  more  N.W.,  and  trends  in  a  very  straight  line  to  a  point 
upon  the  Beaver  River,  2^  miles  N.  of  the  mouth  of  the  Conequenessing  Creek,  and  thence  to  Fairfield  in 
Ohio. 

The  outcrops  of  the  Freeport  limestone  and  upper  Freeport  coal,  nearly  coincident,  cross  the  fifth  axis  at 
a  point  7  or  8  mUes  to  the  S.W.  of  that  at  which  the  outcrop  of  the  coal-bed  last  described  crosses  it — a  paral- 
lelism which  they  generally  maintain.  Stretching  first  N.E.,  they  cross  the  AUeghany  close  above  the  inflizx  of 
the  Red  Bank  Creek  ;  they  enclose,  as  has  been  said,  a  small  area  on  the  E.  side  of  that  river,  and  recross  it  at 
the  bend,  2^  miles  above  Catfish  Creek.  Still  keeping  a  direction  parallel  with  that  observed  by  the  outcrop  of 
the  coal  below,  and  projected  somewhat  N.  near  the  Butler  and  Scrubgrass  Creek  Road,  they  cross  the  Beaver 
River  four  miles  below  the  mouth  of  Conequenessing  Creek,  bend  N.  up  to  Greensburg,  and  then  make  their 
escape  W.  into  Ohio. 

While  the  interval  between  the  upper  and  lower  Freeport  Coal-beds  vai-ies  incessantly,  that  between  the 
Limestone  Band  and  the  Upper  Coal  preserves  great  uniformity.  In  the  region  under  notice,  the  limestone  is 
everywhere  found  within  10  feet  of  the  bottom  of  the  coal.  Often,  as  at  Old  Brighton,  and  below  it  on  the 
Beaver  River,  2  or  3  feet  of  fire-clay  is  all  that  intervenes.  The  thickness  of  interposed  rocks  between  the  lime- 
stone and  the  lower  coal  at  the  extreme  N.E.  end  of  the  area — that  is,  on  the  Alleghany  River — occupied  by 
these  beds,  is  about  40  feet,  but  it  increases  as  we  follow  them  towards  the  Ohio.  On  the  Beaver  River,  70  feet 
of  brown  shales  occm-  between  them  ;  below  Kittanning  the  interval  is  equally  great.  At  Butler,  and  towards 
the  State  of  Ohio,  upon  the  Ohio  River,  there  is  an  interval  of  75  feet. 

The  Lower  Freeport  Coal. — This  bed  is  generally  small.  If  its  average  thickness  over  the  whole  region 
were  estimated,  it  would  scarcely  exceed  1^  feet.  Occasionally,  however,  it  assumes  an  importance  which 
elsewhere  does  not  belong  to  it.  At  Beaver  River,  on  a  fork  of  Trough  Run,  it  measures  4  feet  3  inches 
of  semi-cannel  coal ;  and  three  miles  above  the  mouth  of  the  Connequenessing,  its  thickness  is  fully  6  feet.  In 
the  neighbourhood  of  Worthington  it  lies  immediately  upon  the  Freeport  sandstone,  the  basis  of  the  series,  and 
is  separated  from  the  Kittanning  coal  below  by  about  50  feet  of  strata.  Upon  the  Alleghany  River  the  same 
interval  is  increased  to  1 35  feet ;  while  on  Tomlinson's  Run,  in  Ohio,  it  is  only  23  feet — the  coal  itself  mea- 
suring from  4  to  6  inches. 

The  Freeport  Limestone. — This  widely-extended  bed  averages  a  little  more  than  3  feet  in  thickness, 
though  from  Kittanning  downwards  along  the  river  it  increases  from  5  and  6  to  even  10  feet.  It  is  usually  of 
a  light-blue  or  dove  colour,  and  is  often  fine-grained  and  homogeneous.    In  the  neighbourhood  of  Butler,  and 

*  See  Conglomerate-band  above  the  coals  in  the  Castleraan  River  section  and  the  Indian  Creek  section. 
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below  New  Brighton,  it  occurs  as  a  bed  of  nodules  ;  but  it  still  retains  its  usual  thickness  of  three  feet.  This  is 
its  character  also  beyond  the  Ohio  State  line. 

U pper  Freeport  Coal. — This  is  an  extremely  variable  bed  of  coal,  being,  as  to  this  characteristic,  the  re- 
verse of  its  companion,  the  limestone.  On  Beaver  River  it  is  often  reduced  to  a  mere  trace  a  few  inches  thick, 
and  then  again  it  suddenly  expands  to  a  workable  size,  and  becomes  a  useful  bed  of  coal.  Along  the  central 
line  of  the  sixth  basin  it  is  often  more  than  4  feet  thick,  but  it  is  never  found  to  letain  a  given  tliickness  for  any 
great  distance.    Its  coal  is  generally  excellent. 

The  Barren  Group. — Above  the  upper  Freeport  coal-bed  lies  a  mass  of  sandstone  of  a  homogeneous  character 
towards  the  Beaver  River  country,  but  becoming  a  true  conglonrerate  along  the  Malioning  Creeks.  It  may  be  a 
question  for  the  curious,  how  far  the  variableness  in  thickness  of  the  uppei'  Freeport  coal-bed  may  be  attribut- 
able to  the  agencies  concerned  in  making  this  deposit.    This  is  the  Mahoning  Sandstone. 

From  Butler  S.W.  we  faU  in  with  yet  higher  measm-es  :  these  increase  in  depth  of  material  in  that  direc- 
tion, in  obedience  to  the  regular  slope  of  the  basin.  Above  the  small  seam  representing  the  Elk  Lick  Coal-bed 
are  shales  and  slaty  sandstones  ;  after  passing  Thorn  Creek,  yellow  and  greenish  shales  are  seen  to  rest  upon  the 
latter.  This  is  the  red  and  variegated  band  which  spreads  so  widely  over  the  whole  bituminous  coal-field  along 
the  central  lines  of  aU  the  basins,  wherever  the  land  is  high  enough  to  take  them  in.  At  Pittsburg  these  have 
sunk  nearly  to  the  water-level.  The  gentle  undulation  of  the  fifth  axis  has  caused  their  denudation  along  it ;  but 
they  occur  again  in  the  fifth  basin,  about  7  miles  W.  of  Freeport,  and  stretch  past  Kittanning.  Being  soft  and 
friable,  they  decompose  into  a  clay,  and  often  contain  small  nodules  of  limestone. 

Upon  the  series  of  rocks  last  mentioned,  and  immediately  overlying  a  variable  seam  of  hard  brilliant  coal, 
from  a  few  inches  to  a  foot  and  a  half  thick,  there  is  a  thin,  sandy,  ferruginous,  blue  or  brown  limestone,  abounding 
in  fossils,  and  ranging  widely  through  the  basins.  It  occm's  at  liittanning,  everywhere  on  the  Kiskiminetas  and 
Mahoning  creeks,  where  the  basins  are  deep  enough  to  receive  it  along  their  central  lines,  and  is  traceable  as  far 
N.E.  as  Clearfield  Creek  :  in  the  latter  neighbourhoods,  however,  the  coal  is  wanting.  At  Karthaus,  on  the  contrary, 
the  coal  seems  to  be  present,  and  the  limestone  wanting.  This  limestone  is  found  in  most  of  the  hills  around 
Woodville,  and  may  be  seen  upon  the  turnpike  rmining  S.  from  Butler,  about  half  a  mile  from  the  bridge,  and  per- 
haps 50  feet  from  the  summit  of  the  hill.  As  the  basin  deepens  toward  the  S.W.,  this  bed  occupies  of  course  a 
wider  area  and  a  lower  position  upon  the  hill-sides  :  it  is  usually  1  or  2  feet  in  thickness,  and  above  it  are  olive 
and  blue  slates. 

The  rest  of  the  Barren  Measures. — We  have  now  arrived  at  that  line  or  belt  of  outcrop  which,  as  wiU 
appear  by  glancing  at  the  map,  divides  the  great  bituminous  field,  with  all  its  basins,  E.  and  W.,  by  a  zone  of 
land  barren  in  coals,  into  two  nearly  equal  parts.  Before  passing  this  zone  to  the  S.,  and  carrying  on  the  descrip- 
tion of  the  whole  series  of  Coal-measures  in  its  next  subdivision,  based  upon  the  Pittsburg  Coal-bed,  to  the  S. 
line  of  the  State,  it  will  be  proper  to  take  advantage  of  the  opportunity  afibrded  to  bring  up  the  description  of 
the  first  and  second  basins  in  their  prolongations  S.  of  the  Conemaugh  River. 


SUBDIVISION  11. 

BITUMINOUS  COAL -BASINS  SOUTH  OF  THE  CONEMAUGH  AND  OHIO. 

The  two  most  prominent  features  of  the  country  S.  of  the  Conemaugh  River  are  the  two  anticlinal  moun- 
tain ranges.  Laurel  Hill  and  Chestnut  Ridge,  the  supposed  prolongations  S.  of  the  highlands  elevated  by  the 
first  and  second  axis  described  in  the  preceding  pages.  Bringing  up  along  their  summits  the  Vespertine  Sand- 
stone, and  supporting  on  their  broad  flanks  the  outcropping  Lower  Coal-measures,  which  N.  of  the  Conemaugh 
arch  over  them,  these  two  lines  of  elevation  make  the  region  susceptible  of  a  threefold  division,  of  which  each 
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part  shall  be  considered  in  detail.  The  country  between  the  Alleghany  Mountain  and  Laurel  Hill  will  be  the 
first  division  :  it  is  subdivided  into  three  subordinate  basins.  The  second  division  lies  between  the  great  moun- 
tain axes.  The  third  stretches  from  the  Chestnut  Ridge  to  the  W.  line  of  the  State  :  this  also  includes 
several  subordinate  basins. 


CHAPTER  I. 

THE  FIRST  COAL -BASIN  AND  ITS  SUBDIVISIONS,  OR  THE  SYNCLINAL  BELT  BETWEEN  THE 

ALLEGHANY  MOUNTAIN  AND  LAUREL  HILL. 

This  wide  tract  of  Coal-measures,  descending  from  the  W.  summit  of  the  Alleghany  Mountain,  and 
ascending  the  E.  slope  of  Laurel  Hill,  is  traversed  lengthwise  by  two  subordinate  lines  of  anticlinal  elevation. 
The  first,  which  is  the  axis  of  Negro  Mountain,  issues  from  the  State  of  Maryland,  between  the  head-waters  of 
Jones's  Run  and  the  waters  of  the  Little  Youghiogheny  River,  crosses  Castleman's  River  below  the  mouth  of 
Buffalo  Lick  Creek  and  Shade  Creek,  between  Huskin's  Run  and  Roaring  Fork,  and  expu'es  on  the  summit  of 
the  Alleghany  Mountain,  S.  of  the  Portage  Railroad.  At  this  its  Northern  termination  it  is  merely  a  broad  and 
gentle  swell  or  roll  of  the  rocks  ;  but  retracing  it  S.,  we  find  it  assuming  a  more  decided  character.  It  forms  a 
line  of  hills,  increasing  in  height  as  they  pass  within  2  or  3  miles  of  Stoyestow^n  to  the  E.,  and  at  length  becomes 
in  Negro  Mountain  a  bold  and  regular  ridge.  This,  as  the  axis  continues  to  rise  gradually  Southwards,  parts  at 
the  State  line  into  two  slowly-diverging  mountain-ranges,  which  continue  theii"  course  towards  the  Potomac 
River. 

The  second  sub-axis  of  this  basin  issues  S.  from  the  imperfectly  explored  country  around  Ebensburg.  crosses 
the  Conemaugh  at  the  Railroad  Viaduct,  8  miles  E.  of  Johnstown,  where  it  brings  up  the  red  shales  of  the 
Umbral  series ;  thence  ranges  to  Stony  Creek,  below  the  mouth  of  Paint  Creek,  and  is  last  observed  upon  the 
Quemahoning,  at  the  mouth  of  Roaring  Run.  In  the  general  aspect  of  the  country  this  sub-axis  scarcely 
makes  its  presence  known,  except  perhaps  by  a  line  of  hills  rather  higher  than  the  crests  of  those  on  either 
side  of  it. 

Thus  we  have  in  the  first  basin,  S.  of  the  Conemaugh,  three  minor  troughs  ;  the  Salisbury  Trough  to  the 
S.E.,  the  Johnstown  Trough  to  the  N.W.,  and  the  Stoyestown  and  Somerset  Trough  between  the  two.  The  Coal- 
measm-es  along  the  whole  course  of  the  viaduct  sub-axis,  and  along  the  line  of  the  Negro  Mountain  sub-axis,  as 
far  S.  as  Somerset,  pass  over  from  one  of  these  troughs  to  the  other. 

The  First  or  Salisbury  Subdivision. — In  obedience  to  a  general  law  in  the  conditions  governing  the 
undulations  of  the  crust,  while  the  sub-axis  of  Negro  Mountain  rises  towards  the  S.,  the  synclinal  trough 
included  between  it  and  the  Alleghany  Mountain  deepens  in  that  direction.  Hence  the  thickness  of  the  Coal- 
measures  at  this  N.  end  is  inconsiderable,  but  increases  rapidly  Southward :  at  the  head-waters  of  Stony  Creek 
four  coal-beds,  as  yet  very  little  explored,  give  evidence  of  their  existence  throughout  the  neighbom-hood,  and 
three  occur  around  Shanksville.  The  strata  in  the  Alleghany  Mountain  generally  dip  to  the  W.,  at  an  angle  vary- 
ing from  15°  to  20°,  causing  the  overlying  Coal-measm-es  to  ascend  the  W.  slope  to  within  \h  miles  of  the  E.  crest. 
— (See  General  Section  IX.) 

Passing  S.  of  Berlin  the  Coal-measiires  increase  their  total  depth  in  the  basin,  and  become  at  the  mouth 
of  Elk  Lick  Creek  of  sufficient  thickness,  not  only  to  include  all  the  barren  measures  above  the  Elk  Lick  Coal, 
but  to  take  in  also  the  Pittsburg  Seam,  with  two  other  coal-beds,  and  a  large  limestone  bed  of  the  much  higher 
Waynesburg  series.  The  area  of  these  is  at  first  confined  to  a  long  and  narrow  strip  of  high  laud  between 
Castleman's  River  and  Elk  Lick  Creek,  where  they  are  parallel,  and  both  run  N.  This  strip  of  high  land  is 
here  the  central  line  of  the  sub-basin.  By  means  of  a  salt  boring  on  Elk  Lick  Creek,  a  section  is  obtained, 
which  exhibits  400  feet  of  Coal-measures  below  the  level  of  the  creek ;  and  the  hill  above  described,  capped 
by  the  limestone,  furnishes  about  as  much  above. — (See  Sections  at  Elk  Lick  Creek  and  Elk  Lick  Salt  Well.)  The 
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lower  measures  outcrop  in  a  range  of  hills  along  each  side  of  the  basin,  on  the  flanks  of  Negi-o  Mountain  and 
the  Alleghany  Mountain. 

Of  the  Clarion  group,  three  beds,  one  3  feet,  another  6  feet,  and  a  third  3  feet  3  inches  in  thickness,  are 
traceable  here.  The  lowest  and  smallest  one  is  either  the  Clarion  or  Brookville  Coal.  The  next  is  the  Ferriferous 
Coal-bed,  underlaid  by  its  limestone,  5  feet  thick.  This  limestone  is  well  developed  at  the  mouth  of  Buffalo 
Lick  Creek,  overlaid  by  its  appropriate  ore-stratum,  2  feet  in  thickness.  The  third,  25  feet  above  the  last,  is  the 
Kittanning  Coal.  Separated  by  an  interval  of  1 60  feet  from  the  Ferriferous  Coal  below,  we  find,  ascending  to 
the  Freeport  group,  the  Freeport  limestone,  5  feet,  and  Upper  Freeport  Coal,  2  feet  thick.  In  the  upper  part 
of  this  interval,  from  20  to  30  feet  below  the  limestone,  is  the  Lower  Freeport  Coal-bed.  50  feet  above  the 
limestone  is  the  Elk  Lick  Creek  Coal-bed, — here,  as  eveiywhere  along  the  S.E.  Barrens,  a  bed  of  considerable 
size,  being  4  feet  thick,  and  having  sometimes,  10  feet  underneath  it,  a  nameless  1-foot  bed  of  coal. 

More  than  150  feet  of  barren  measures  intervene  between  the  Elk  Lick  and  Pittsburg  Coal-beds.  In  this 
group  of  barren  measures  occur  two  very  smaU  coal-beds,  and  a  limestone  above  the  uppermost  1  ^  feet  thick. 

Above  the  Pittsburg  Coal-Seam,  at  intervals  of  40  and  50  feet,  are  the  outcrops  of  two  coal-beds  belonging 
to  the  Waynesburg  group,  and  named  after  the  places  where  they  attain  their  maximum  persistent  thickness,  the 
Sewickley  and  the  Uniontown  Coal-beds.  Their  exact  thickness  here  is  unknoviTi,  but  the  lower  one  is  judged 
fi-om  the  aspect  of  its  outcrop  to  be  a  large  seam  :  both  occupy  an  area  more  confined  than  that  covered  by 
the  Pittsburg  Seam  below  them,  then-  N.  limit  being  in  the  narrow  ridge  before  described,  between  Elk  Lick 
Creek  and  Castleman's  River.  The  top  of  this  ridge  is  capped  by  a  massive  bed  of  limestone.  These  are  the 
highest  rocks  in  this  first  sub-basin,  and  are  traceable  S.  in  coiniection  with  the  Pittsburg  Seam  into  Maryland. 

The  iron  ore  over  the  Ferriferous  Coal-bed  is  finely  exposed  at  the  falls  on  Elk  Lick  Creek.  It  here  appears 
in  three  layers,  the  lowest  affording  16  inches  of  solid  ore.  It  makes  its  appearance  also  on  other  branches  of 
the  same  creek  ;  and  is  the  same  ore-stratum  that  is  wrought  in  the  second  basin  at  Fayette  Furnace,  Ligonier 
VaUey,  and  appears  on  Four-mile  Run.  It  may  also  be  hereafter  identified  with  the  abundant  deposit  of  ore 
discovered  on  Shade  Creek  towards  Johnstown,  10  or  15  feet  beneath  a  16-inch  coal-seam,  the  Kittanning  (?) 
Coal ;  and  also  at  Lambert's  MUl,  where  the  ore  is  more  disseminated  in  a  bed  of  dark  shale  overlying  a  3j 
feet  coal-bed,  doubtless  the  Ferriferous  Coal,  with  its  limestone  underneath,  2  feet  in  thickness. 

The  Second  or  Stoyestown  Subdivision. — This  subdivision  of  the  first  basin  ranges  N.  into  the  Mount 
Pleasant  and  Philipsburg  Coal-field,  and  at  the  S.  unites,  by  the  dying-out  of  the  viaduct  axis,  with  the  third  or 
Johnstown  subdivision,  in  the  latitude  of  Somerset. 

Along  the  Conemaugh,  which  crosses  it  obhquely,  its  rocks  are  frequently  exposed  in  perpendicular 
escarpments,  affording  fine  vertical  sections.  At  and  near  the  summit  of  the  Portage  Railroad,  the  Clarion  and 
Freeport  groups  of  coal  strata  are  developed,  their  E.  outcrops  ranging  along  the  summit  of  the  Alleghany 
Mountain.  Three  or  perhaps  four  workable  seams  are  among  them,  ranging  from  2  to  5  feet  in  thickness.  The 
Freeport  limestone  appears,  and  probably  the  Ferriferous  limestone  may  also  be  found.  A  coal-seam  of  the  Tionesta 
group  has  been  recognised  in  a  9-inch  bed,  10  feet  above  the  conglomerate.  It  is  to  be  understood  that  the 
names  affixed  to  the  several  strata  of  coal  and  limestone  are  not  the  results  of  absolute  identification  of  the 
beds,  but  are  only  to  be  regarded  as  the  nearest  approximations  that  can  be  made  in  the  present  state  of 
development. 

The  limestones  exposed  on  the  Conemaugh  vary  in  thickness  from  3  to  10  feet,  and  at  Johnstown  the 
Ferriferous  Hmestone  is  in  part  a  cement,  or  hydraulic  limestone.  Higher  in  the  hills  at  Johnstown  two  other 
bands  of  limestone  occur,  immediately  below  the  uppermost  of  which  reposes  the  valuable  stratimi  of  calcareous 
iron -ore  so  extensively  mined  at  that  place. 

The  representative  of  the  Kittanning  Coal  seems  to  be  small  in  this  region,  frequently  not  measuring  more 
than  9  inches. 

Besides  the  two  small  known  beds  of  limestone  there  seems  to  be  a  thu'd  calcareous  stratum,  from  3  to 
6  feet  thick,  claiming  a  position  beneath  the  Lower  Freeport  Coal.  It  makes  its  appearance  in  two  localities  on 
Stony  Creek — viz.  at  the  Red  Bridge  and  5  miles  S.E.  of  Johnstown.    On  Stony  Creek,  half  a  mQe  below  the 
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Eed  Bridge,  a  limestone  bed  and  bed  of  iron  ore  are  observed  tooetlier,  30  feet  above  the  Ferriferous  coal  ;  an 
ore-stratum  also  exists  on  the  old  planes  Nos.  2  and  3.  The  relation  of  these  to  the  other  beds  of  the  series  is  at 
present  so  vague  as  not  to  warrant  any  strong  assertion  :  each  should  be  made  a  matter  of  further  investigation. 

Along  the  central  parts  of  the  trough  two  coal-seams  occur  in  the  barren  measures  below  the  Pittsburg 
Coal-beds.    One  of  these  was  found  to  be  1 1-  feet  thick. 

Tracing  this  second  subdivision  of  the  first  basin  S.  from  the  Conemaugh,  there  appears  but  little  change 
in  the  series  of  rocks.  Regarding  the  double  seam  of  the  Alleghany  summit  as  one  coal-bed,  subdivided  by  an 
unusual  thickness  of  shale,  we  find  the  vertical  distance  between  the  lowest  coal-beds  increases  from  80  (?)  feet  to 
100  at  Stoyestown,  and  130  feet  at  Salisbury.  The  Lower  Freeport  Coal  is  mined  4  feet  thick  at  Stoyestown.  The 
Upper  Freeport  Coal  seems  here  to  present  the  unusual  aspect  of  two  beds,  each  3  feet  thick,  and  8  feet  asunder  : 
90  feet  above  it  is  seen  the  outcrop  of  the  Elk  Lick  Coal ;  and  between  that  and  the  tops  of  the  highest  hiUs 
are  two  or  three  small  seams. 

By  the  rapid  rise  of  the  Negro  Moimtain  axis,  this  middle  trough  is  made  so  shallow,  in  approaching 
Somerset,  as  to  contain  but  little  coal  in  the  neighbourhood  of  that  town. 

The  TJm-d  or  Johnstown  Subdivision. — The  series  of  rocks  given  above  is  substantially  valid  for  the 
Western  Subdivision  of  the  first  basin,  along  the  E.  flank  of  Laurel  Hill  and  in  the  neighbourhood  of  Johnstown. 
Upon  the  summit  of  the  mountain  the  Umbral  red  shales  appear,  while  on  its  flanks  repose  the  strata  of  the  Serai 
conglomerate  dipping  rarely  more  than  7°. — (See  General  Section  No.  IX.)  Between  these  two  formations  is 
the  position  for  the  Sharon  Coal  Group,  first  seen  in  the  neighbourhood  of  the  Stoyestown  Turnpike,  where  it 
crosses  Laurel  HilL  Here  the  group  is  about  30  feet  thick,  and  contains  one  bed  of  solid  coal  9  inches  thick, 
immediately  underlying  the  conglomerate,  as  in  the  Sixth  Basin.  Traced  10  or  15  miles  further  towards  the  S., 
this  bed  becomes  2^  feet  thick,  and  overlies  the  Umbral  ore  by  an  interval  of  30  feet.  This  group  continues 
to  exhibit  increasing  thickness  and  richness  of  mineral  contents  in  this  direction  until  it  disappears  across  the 
line  into  Virginia. 

The  Serai  conglomerate  along  the  E.  flank  of  Laurel  Hill  is  very  variable.  LTpon  the  Conemaugh  it  is  a 
coarse  sandstone  about  60  feet  in  depth  ;  while  W.  of  Somerset  it  shows  but  30  feet.  It,  however,  increases  to 
upwards  of  100  feet  upon  the  Youghiogheny  River. 

Upon  this  conglomerate  reposes,  in  all  the  country  S.  of  the  Conemaugh,  a  mass  of  sandstone  strata,  Tionesta 
Sandstone,  &c.,  varying  in  thickness,  character,  and  consistency,  but  always  strongly  marking  the  position  of 
the  lower  Clarion  Coal-measures,  not  merely  geologically,  but  topographically  also,  by  lines  of  high,  steep,  broken 
hills  ranging  along  the  base  or  flanks  of  the  two  anticlinal  mountains.  Laurel  HiU  and  Chestnut  Ridge.  These 
hills  will  be  described  more  in  detail  when  we  reach  the  first  sub-basin  of  the  country  W.  of  Chestnut  Ridge. 

Shut  up  between  these  massive  sandstone  layers  are  the  coal-beds  of  the  Clarion  and  Freeport  Groups.  The 
Tionesta  Group,  on  the  contrary,  seems  to  have  representatives  among  them ;  and,  as  was  before  remai'ked  in 
describing  the  Alleghany  summit  section,  one  of  the  coal-beds  has  thinned  away  so  as  to  be  barely  noticeable. 

The  lowermost  coal-bed,  whether  receiving  the  name  of  Brookville  Coal  or  Clarion  Coal,  is  at  the  Portage 
Railroad  5  feet  thick,  and  at  Johnstown  3^-  feet,  becoming  thinner  towards  the  S.  We  have  seen  it  to  be  3  feet 
thick  in  the  S.  part  of  the  Salisbury  subdivision,  but  on  the  W.  side  of  Negro  Mountain,  along  Castleman's 
River,  it  is  but  about  2  feet,  and  where  it  rises  upon  the  side  of  Laurel  Hill  it  varies  from  3^  feet  even  down 
to  1  foot. 

The  Ferriferous  coal-bed  is  the  next  above  ;  it  is  divided  from  the  preceding  bed  by  an  interval  of  about  70 
feet,  part  of  which  consists  of  a  massive  stratum  of  brown  sandstone,  which  in  the  Second  Basin  will  be  seen  to 
become  almost  indistinguishable  from  the  Serai  conglomerate  below.  The  Ferriferous  limestone  is  present  also 
underlying  the  coal.  On  Ben's  Creek  their  respective  thicknesses  are,  Umestone  3  feet,  coal  4  feet.  But  so 
variable  are  they  in  this  respect,  that  at  Milford  their  dimensions  are,  limestone  4  feet  thick,  and  coal  \  foot ; 
and  on  Castleman's  River,  limestone  8  feet,  and  coal  4  feet.  Besides  this,  the  character  of  the  limestone  does  not 
persist,  becoming,  as  a  striking  instance,  in  the  distance  of  a  few  yards  along  the  Johnstown  and  Somerset 
Turnpike,  a  bed  of  carbonate  of  iron. 

The  Kittanning  coal-bed  apparently  maintains  a  uniform  distance  of  25  feet  above  the  last  throughout  the 
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first  and  second  subdivisions  of  the  First  Basin  with  considerable  regularity,  being  25  feet  above  it  on  the  E. 
flank  of  Negro  Mountain,  and  30  feet  above  it  along  Castleman's  Kiver,  W.  of  that  ridge.  Disregarding  the 
Johnstown  section,  where  the  facts  seem  at  variance  with  our  observations  at  other  localities,  we  find  that  along 
Laurel  Sill  the  interval  between  the  beds  averages  50  feet.  The  rocks  of  this  interval  have  everywhere  a 
decided  tendency  to  a  shaly  structure  ;  and  at  the  lowest  limit  of  this  shaly  mass  is  to  be  found  the  iron  ore 
which  accompanies  the  Ferriferous  Coal.  The  Kittanning  Coal-bed,  which  appears  as  a  very  thin  seam  at  Johns- 
town, exhibits  an  increased  thickness  of  4  feet  at  many  places  along  the  E.  flank  of  Laurel  Hill,  but  towards 
Negro  Momitain,  on  Castleman's  River,  it  is  again  but  2^  feet  thick. 

The  Lower  Freeport  Coal  maintains  a  thickness  of  4  feet  along  Laurel  Hill  Creek ;  but  on  Castleman's 
River  it  could  nowhere  be  recognised.  It  seems  to  thin  out  locally  in  that  direction,  since  in  the  Salisbury 
Section  (See  Column,  Chapter  XXIX.)  it  is  only  marked,  if  at  aU,  by  a  thin  seam  25  feet  beneath  the 
Freeport  Limestone. 

Along  the  Conemaugh  and  Laurel  Hill  Creek  this  bed  lies  at  a  distance  of  20  or  30  feet  above  the  Kittan- 
ning Coal  (See  Column,  Chapter  XXIX.),  and  is  shut  in  by  massive  sandstone  strata,  the  representatives 
of  the  Freeport  Sandstone.  This  divisional  rock  appears,  however,  throughout  this  region  rather  to  be  above 
than  below  the  Lower  Freeport  Coal-bed.  The  abundance  of  sandstone  between  the  Kittanning  and  Upper 
Freeport  Coal-beds  is  very  manifest,  and  may  in  part  explain  the  imperfect  exposure,  or  perhaps  the  actual 
thinness,  of  the  included  Lower  Freeport  Coal-bed,  at  the  S.E.  portion  of  this  First  Basin.  Where  the  intei-val 
is  small,  the  latter  bed  appears  as  along  the  Laurel  Hill ;  but  where  the  interval  is  great  (105  feet  in  the 
SaHsbmy  Subdivision  of  the  Fiist  Basin,  and  100  feet  in  the  Second  Basin),  on  either  side  of  this  central  line 
the  coal-bed  escapes  observation. 

The  Freeport  Limestone  does  not  appear  in  the  Johnstown  Section  in  connection  with  what  we  have 
chosen  to  regard  as  the  Upper  Freeport  Coal.  It  may  not  have  been  discovered,  as  the  beds  elsewhere  range 
in  close  proximity  through  this  subdivision  of  the  First  Basin,  maintaining  a  position  about  40  feet  above  the 
Lower  Freeport  Coal  where  the  latter  is  present.  The  coal-bed  averages  2  feet  on  Castleman's  River,  and  nearly 
4  feet  on  the  Conemaugh,  in  the  few  localities  where  it  has  been  discovered.  The  limestone  stratum  probably 
never  exceeds  a  thickness  of  3  feet. 

Above  the  beds  last  mentioned,  the  Mahoning  Sandstone  spreads  with  little  interruption,  forming  the  top 
stratum  of  the  Freeport  Group,  and  supporting  at  Johnstowm  the  great  ore-stratum  and  the  Elk  Lick  Coal.  The 
barren  measures  compose  all  the  hill  country  along  the  middle  of  the  synclinal  trough.  Proceeding  S.,  these 
measures  thicken  and  the  hiUs  grow  higher,  but  never  so  as  to  take  into  their  summits  the  Pittsburg  Coal-seam  as 
in  the  first  or  Salisbury  subdivision.  They  exhibit  upon  their  sides  in  the  neighbourhood  of  the  Turkey  Foot, 
or  junction  of  the  three  branches  of  the  Youghiogheny,  the  most  beautiful  series  of  terraces  formed  by  the 
successive  and  horizontal,  soft  and  hard  strata  of  coal,  slate,  and  sandstone,  among  which  are  the  Elk  Lick  Coal 
and  the  two  minor  seams  above  it.  If  the  Pittsburg  seam  enters  our  State  at  all  in  this  subdivision  of  the 
First  Basin,  it  must  be  for  only  a  very  small  distance  N.  of  the  Maryland  line.  There  is  a  bare  possibility  of 
its  existence  in  the  N.  part  of  the  central  line  near  the  Conemaugh,  S.  of  Johnstown,  where,  throughout  a  range 
of  several  miles,  a  conspicuous  coal-bench  is  visible  at  many  points  upon  the  very  highest  land  and  in  a  position 
agreeing  with  that  which  this  important  bed  ought  to  occupy,  adopting  the  Ligonier  Section  of  the  next  basin 
as  a  standard  of  measurement. 


CHAPTER  II. 

THE  SECOND  COAL -BASIN;  OR  LIGONIER  VALLEY. 

Topographically,  this  is  the  best-defined  basin  in  the  bituminous  coal  region — simple  and  symmetrical— 
and  having  on  each  side  of  it  a  long  and  regular  mountain.  The  synclinal  axis  of  the  trough  coincides  with 
the  central  line  of  the  valley. 
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The  reader  must  not  allow  himself  to  be  perplexed  by  a  singular  transference  of  the  names  of  the  two 
bounding  ridges,  after  passing  to  the  S.  side  of  the  Youghiogheny.  In  Virginia  the  Western  Ridge  is  called 
Laurel  Hill,  and  the  Eastern,  Chestnut  Ridge.    We  shall  always  speak  of  them  as  they  are  known  in  Pennsylvania. 

Seldom  rising  to  a  greater  height  above  the  valley  than  900  feet,  and  resting  on  a  base  from  3  to  .5  miles 
wide,  these  mountains  are  broad  and  regular  swells,  deeply  cut  on  either  side  by  the  head-waters  of  streams 
which  descend  at  right  angles  from  their  axis-lines.  The  Vespertine  sandstone  crowns  the  broad  arch  along 
the  level  back  of  each,  and  is  overlapped  on  each  flank  by  the  Umbral  red  shales,  and  these  again  by  the  Serai 
conglomerate.  Sometimes,  however,  this  last  formation  has  more  successfully  resisted  the  ancient  denudation, 
and  rides  over  all,  arching  the  axis,  and  standing  up  in  humps  along  the  summit  of  the  mountain. 

The  central  parts  of  the  basin  are  occupied  by  the  barren  measures,  capped  in  one  locality  between  the 
Conemaugh  and  Loyalhanna  by  the  Pittsburg  coal-bed  and  the  still  superior  Waynesburg  Coal  group.  On  each 
side  of  the  Barren  Measures,  first  the  Freeport  and  then  the  Clarion  group  of  coal  and  limestone  beds,  enclosed 
in  massive  layers  of  sandstone,  rise  upon  the  inner  flank  of  either  mountain,  and  contrast  in  a  marked  manner 
with  the  shaly  system  of  the  middle  range  of  hills  composed  of  Barren  Measures.  These  lower  sandstone 
strata,  outcropping  E.  and  W.,  present  their  high,  steep,  and  ragged  lines  of  isolated  hills  towards  the  foot 
of  either  mountain,  or  even  invade  half  the  height  of  its  gently  -  sloping  side  :  they  rest  upon  the  Serai 
conglomerate. — (See  General  Section  IX.) 

Where  the  mountains  are  cleft  by  such  streams  as  the  Youghiogheny,  Loyalhanna,  and  Conemaugh,  the 
top  rocks  of  the  Vergent  series,  which  never  rise  very  high  above  the  water-level,  appear  at  the  axis  or 
crown  of  the  arch. 

The  coal-basin  maintains  a  very  uniform  width  of  6  or  7  miles.  The  dip  of  the  rocks  seldom  exceeds  7°, 
except  along  the  E.  edge,  or  rather  in  the  lower  slope  of  Laurel  Hill,  where,  in  some  places  near  the  Youghio- 
gheny, it  amounts  even  to  30°.  In  the  centre  of  the  basin  the  rocks  are  nearly  horizontal,  and  deeply  trenched 
into  numerous  subordinate  valleys. 

Along  the  Conemaugh  are  exposed  the  beds  of  the  Clarion  group  and  of  the  Freeport  group  above  it ;  and 
here  also  the  Brookville  and  Clarion  coals  are  represented  by  one  double  bed,  varying  from  3  to  5^  feet  in 
thickness. 

The  Ferriferous  Coal,  next  in  order  ascending,  is  22  inches  in  thickness,  imderlaid  by  its  limestone  3  feet 
thick.    In  one  locality  8  inches  of  this  is  hydraulic  lime. 

The  Kittanning  Coal  is  not  observable.  The  lower  Freeport  Coal  is  from  2  to  3|  feet  thick,  and  is  underlaid 
by  limestone ;  and  the  Upper  Freeport  Coal,  with  3  feet  of  impure  limestone  underneath  it,  is  from  5  to  6  feet  thick. 

These  are  all  included  within  1 60  feet  of  strata,  so  that  all  the  intervals  are  near  their  minimum  of  tliick- 
ness.  But  as  we  proceed  Southwaid  they  become  greatly  enlarged,  so  that  at  the  mouth  of  Indian  Creek,  upon 
the  Youghiogheny,  the  same  series  of  rocks  are  found  to  occupy  a  vertical  space  of  260  feet.  There  the  Ferriferous 
Coal  has  expanded  to  4|  feet,  and  the  Lower  Freeport  Coal  has  disappeared.  The  Ferriferoiis  Limestone,  also, 
has  increased  in  thickness  to  8  feet ;  15  feet  above  the  coal  is  a  workable  band  of  iron  ore. — (See  Section  on 
Indian  Creek,  Chapter  XXIX.) 

In  the  Barren  Measures  which  everywhere  form  the  central  mass  of  the  basin,  are  two  small  seams  of  coal. 
— (See  Column  at  Ligonier,  Chapter  XXIX.)  The  upper  one  has  a  small  bed  of  limestone,  1  h  feet  thick,  resting . 
upon  it ;  this  is  doubtless  referable  to  the  position  occupied  by  a  limestone  of  about  equal  thickness,  mentioned 
in  the  suite  of  beds  in  the  first  subdivision  of  the  First  Basin,  as  occm-ring  60  feet  beneath  the  Pittsburg  Coal-bed, 

Between  the  Loyalhanna  and  Conemaugh,  and  along  the  exact  centre  of  the  basin,  runs  a  high  but  very 
narrow  hill,  dividing,  as  it  were,  the  valley  into  two.  On  each  side  of  this  long  hill,  and  horizontally  stratified 
through  it,  there  crops  out  the  great  Pitt.sburg  Coal-seam,  from  7  to  10  feet  thick.  It  is  a  mere  reduplication 
of  the  appearances  presented  by  the  similar  narrow  bed  between  the  Elk  Lick  Creek  and  Castleman's  River, 
described  in  treating  of  the  first  subdivision  of  the  First  Basin. 

Twenty  feet  beneath  the  Pittsburg  Bed  runs  the  outcrop  of  a  limestone  seam  from  3  to  9  feet  thick  ;  and 
25  feet  below  the  latter  may  be  seen  the  outcrop  of  a  coal-bed  3  feet  thick  ;  and  8  feet  under  this  another  lime- 
stone, 3  feet  thick.    The  appearance  of  these  calcareous  strata  underneath  the  Pittsbm*g  Seam  is  indicative  of  a 
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law  that  the  calcareous  depositions  increase  towards  the  W.,  both  the  number  and  the  thickness  of  the  individual 
beds  augmenting  in  that  direction.  We  shall  see  the  same  fact  hold  good  of  the  Limestone  Strata  of  the  Way- 
nesbm-g  Group,  above  the  Pittsburg  Seam. 

At  the  summit  of  the  hill  above  described  are  the  same  two  superior  beds  of  the  Salisbury  Section  (see 
Column  for  Elk  Lick  Creek,  Chapter  XXIX.),  the  Sewickly  Coal  and  Uniontown  Coal,  each  3  feet  thick,  but 
not  separated  by  so  wide  an  interval  as  in  the  former  instance,  and  including  between  them  a  new  limestcjne 
bed,  4  feet  in  thickness.  Forty  feet  above  the  upper  of  these  coal-beds  is  seen  the  highest  limestone  of  the 
Salisbury  Section,  here  7  feet  thick. 

South  of  the  Youghiogheny  detailed  examinations  are  yet  required,  but  those  made  led  to  the  belief 
that  no  material  change  of  type  in  the  series  of  strata  presents  itself  Here,  as  in  the  southern  part  of  the  First 
Basin,  along  Laurel  Hill  Creek,  and  further  South,  we  find  the  rocks  of  the  Sharon  Group  beginning  to  develop 
themselves  :  they  contain  at  Stewart's  Furnace  a  coal-bed  4  feet  thick.  This  bed  of  coal  underlies  by  20  feet  the 
bed  of  ore,  which  there,  as  elsewhere,  marks  the  plane  of  separation  between  the  Serai  conglomerate  and  the 
Umbral  Red  Shales  below  it. 

In  this  southern  extremity  of  the  Second  Basin,  the  Ferriferous  Coal  appears  3  feet  thick  ;  30  feet  above 
it,  the  Kittanning  Coal,  3  feet  2  inches  thick  ;  and  25  feet  higher  still,  the  imdeveloped  outcrop  of  the  Lower 
Freeport  Coal-bed. 

CHAPTER  III. 

THE  THIRD  BASIN  AND  ITS  SUBDIVISIONS,  BEING  THE  REGION  W.  OF  CHESTNUT  RIDGE,  AND 

S.  OF  THE  CONEMAUGH  AND  OHIO. 

The  region  now  to  be  described  presents  great  uniformity  of  topographical  aspect  ;  its  denudation  is  deep 
and  irregular,  and  its  whole  surface  a  continued  series  of  hills  in  no  one  defined  range.  Large  streams,  such  as 
the  Conemaugh,  the  Loyalhanna,  the  Sewickly,  the  Youghiogheny,  Jacob's  Creek,  Redstone  Creek,  and  the  Mo- 
nongahela  River,  meander  through  extensive  valleys,  and  the  ujjper  waters  of  theii^  innumerable  side-streams  are 
interlocked,  and  cover  the  land  with  a  meshwork  of  hiU  and  valley  that  bids  defiance  to  precise  description.  The 
few  marked  features  that  present  themselves  amid  this  general  uniformity  will  be  noticed  in  their  places. 

The  strata  descending  W.  from  the  axis  of  Chestnut  Ridge  undidate  gently  over  the  crests  of  three  parallel 
lines  of  anticlinal  elevation,  between  that  axis  and  the  Ohio  River  at  Pittsburg.  These  lines  of  elevation 
do  not  declare  themselves  by  very  positive  features  in  the  topogra^ihy.  Indeed,  even  a  geologist  might 
traverse  the  district,  and  would  scarcely  suspect,  except  at  a  few  places,  from  surface  indications  alone,  that 
there  were  such  lines  of  elevation  crossing  the  country  upon  which  he  looked.  They  are,  however,  occa- 
sionally marked  in  the  general  landscape  as  seen  from  some  favourable  points  ;  seldom,  indeed,  as  distinct  ridges 
with  regular  declensions  either  way  from  continuous  central  lines  or  axes,  but  as  ranges  of  hills  distinguishable 
from  the  multitude  of  other  hills  in  the  synclinal  troughs  merely  by  a  somewhat  superior  altitude  and  a  marked 
sterility  of  soil.  The  first  two  of  these  lines  of  elevation  are  to  be  considered  as  sub-axes  of  the  Thu'd  Basin  ; 
the  other,  or  Westernmost,  as  the  prolongation  of  its  Western  boundary,  the  third  axis. 

The  first  sub-axis  of  the  Third  Basin  crosses  the  Conemaugh  about  5  miles  below  the  axis  of  Chestnut 
Ridge,  and,  running  very  regularly  parallel  with  the  latter,  crosses  the  Monongahela  below  the  mouth  of  Cheat 
River.  There  it  shows  a  very  gently-curving  arch,  having  flattened  very  much  from  the  point  where  it  crosses 
the  Redstone  Creek.  Its  course  is  not  precisely  parallel  with  the  axis  of  Chestnut  Ridge  as  it  gradually  but  very 
slowly  diverges  from  it  Southward,  so  that  upon  the  National  Road  the  interval  between  them  has  increased  from 
5  to  7j  mUes.    Thence  it  maintains  this  interval  to  the  Virginia  line.    It  forms  Brush  Ridge. 

The  second  sub-axis  of  the  Third  Basin  crosses  the  Conemaugh,  or  Kiskiminetas  River,  about  5  miles  W. 
of  the  first,  and  about  4  miles  above  Saltzburg  ;  and  runs  S.  parallel  with  it  until  within  1 1  miles  of  the  Big 
Sewickly,  where  it  can  no  longer  be  observed  to  afi'ect  the  strata.    It  resembles  the  first  sub-axis  in  every 
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particular,  sometimes  clearly  marked  by  higher  hills,  sometimes  obscure.  It  seems  not  to  have  suffered  so  much 
from  denuding  agencies  as  the  other,  excepting  at  its  S.  termination,  where  it  is  greatly  abraded. 

It  is  everywhere  to  be  distinguishable  to  the  least  observant  eye,  by  the  marked  barrenness  of  the  soU  under 
which  it  passes  ;  which  is  due  to  the  uplifting  along  its  line  of  the  coarse  sandstone  strata  of  the  Clarion  and 
Freeport  Groups. — (See  General  Section  IX.) 

The  third  axis  crosses  the  Kiskiminetas  4J  miles  above  Warren,  but  rapidly  declines,  and  in  a  few  miles 
disappears  ;  as  does  also  the  fourth  axis,  which  crosses  the  Kiskiminetas  below  Leechburg.  The  influence  of 
these  two  axes  may  be  regarded  as  active  in  producing  the  wide  horizontaHty  of  the  rocks  throughout  the  region 
around  Pittsburg. 

First  Subdivision  of  the  Third  Basin. — To  obtain  a  general  view  of  the  Coal-measures  overspreading  the 
country  to  the  W.,  a  few  words  respecting  them,  as  they  repose  upon  the  W.  slope  of  Chestnut  Eidge,  will  be 
sufiicient.  The  Chestnut  Kidge  is  denuded,  more  or  less  deeply,  along  the  whole  of  its  course  from  N.  to  S.,  by 
the  small  creeks  or  brooks  which  carry  off  the  water  that  falls  upon  its  broad  summit ;  these  flow  down  into 
the  basin  at  its  foot,  turning  at  right  angles,  and  running  along  its  base,  either  S.  or  N.,  towards  the  nearest  larger 
stream.  In  the  ravines  of  a  few  of  the  runs  even  the  Umbral  Eed  Shales  appear ;  in  others,  the  lowest  rock 
exposed  is  the  Serai  conglomerate  ;  but  in  those  midway  between  the  larger  streams,  and  where  denudation  has 
acted  with  least  energy,  even  the  lowest  Coal-measures  are  not  brought  up  to  the  day ;  but  their  outcrops  must 
be  sought  high  up  the  side  and  near  the  top  of  the  Ridge. 

As  little  success  was  here  met  with  in  attempting  to  identify  and  trace  distinctly  the  various  beds  of  the 
Clarion  and  Brookville  Groups,  with  the  coals  below  them,  as  observed  and  described  in  the  N.W.  outcropping 
of  the  Coal-measures,  that  classification  will  not  be  carefully  observed  in  the  following  description  of  the  geology 
of  this  region,  but  the  whole  series  of  rocks  will  be  thrown  into  three  groups,  an  ai'rangement  which  will  not 
interfere  with  the  former. 

The  Lower  Grouj)  will  include  the  Freeport  and  Clarion  Groups  of  our  previous  classification,  up  to  the 
Mahoning  Sandstone.  Its  strata  are  chiefly  massive  sandstones.  Lying  as  they  do  just  upon  the  conglomerate, 
which  itself  forms  the  side  and  often  the  top  of  the  Ridge,  they  possess  a  strongly-marked  topographical  charac- 
ter of  their  own,  and,  where  denudation  has  not  been  too  energetic,  form  a  uniform  terrace  along  the  side  of  the 
ridge :  elsewhere,  a  range  of  high,  pointed,  rugged  hills,  which  at  the  entrances  of  gaps,  such  as  the  Gap  of  the 
Youghiogheny  at  ConnellsvUle,  become  most  prominent  objects  in  the  natural  scenery  of  the  country.  But  as 
these  sandstones  are  not  persistent  in  character,  and  are  often  interstratified  with  soft  rocks,  such  as  shales  or 
slates,  the  single  range  of  these  hills  is  sometimes  repeated,  another  range  lying  inside  of  the  fii-st  towards  the 
middle  of  the  basin  :  between  the  two  flow  the  little  streams  which  have  issued  from  the  ravines  of  the  moun- 
tain. Upon  the  terrace,  or  upon  the  sides  of  the  ranges  of  hills,  the  lower  Coal-beds  outcrop  ;  but  generally 
the  upper  part  of  the  interior  or  W.  range  of  hills  is  composed  of  the  middle  group,  sometimes  even  the  large 
Pittsburg  Coal-bed  appearing  at  the  summit. 

The  Middle  or  Barren  Group  is  composed  chiefly  of  shales,  with  one  or  two  massive  bands  of  sandstone 
in  the  middle  and  lower  part.  These  latter,  riding  over  the  small  axis  to  the  W.,  cause  the  characteristic  bar- 
renness of  the  country  traversed  by  them,  which  has  been  already  mentioned.  The  group  contains  three  Coal- 
beds,  the  Elk  Lick  and  two  superior  beds,  to  which,  in  this  region,  have  been  assigned  the  names  of  the  Barren 
Coal  and  the  Little  Pittsburg  Coal.  Whether  the  imperfect  identification  of  these  with  the  two  superior  small 
coal-seams  of  the  Barren  measures,  in  the  first  subdivision  of  the  Fii'st  Basin  and  in  the  Second  Basin,  will  justify 
the  application  of  these  names  to  those  also,  is  left  to  future  observers  to  determine.  Besides  these,  one  or  two 
thin  seams  occur  which  are  not  classified  at  present.  The  whole  thickness  of  this  groiip  of  rocks  seems  to  be 
surprisingly  uniform  along  the  Chestnut  Ridge.  The  interval  between  the  Upper  Freeport  Coal  at  the  base  and 
the  Pittsbiu-g  Coal  at  the  top  varies  only  from  600  feet  in  the  N.  part  of  the  basin  to  700  feet  in  the  S.* 

TJie  Upper  Group,  based  upon  the  great  Pittsburg  Seam,  and  including  the  Waynesburg  Series,  occupies  the 
centre  of  the  trough,  and  is  characterised  by  an  enormous  development  of  limestone  strata  in  its  lower  part,  and 

*  In  the  Morgantown  Section,  given  in  the  Virginia  Geological  Report  for  1840,  the  interval  is  525  feet. 
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the  frequent  occurrence  of  calcareous  rocks  throughout,  as  well  as  by  the  number  and  importance  of  its  coal-beds 
towards  the  bottom  of  the  series.  Where  the  basin  is  deepest,  this  group  measures  500  feet  in  vertical  thickness, 
and  contains  5  identifiable  coal-seams — the  Pittsburg,  the  Redstone,  the  Sewickly,  the  Uniontown,  and  the 
Waynesburg  Beds — with  several  not  yet  classified. 

Lower  or  Clarion  and  Freeport  Group. — The  Serai  conglomerate  upon  which  this  group  is  based  is  appa- 
rently but  a  few  feet  thick  where  brought  up  by  the  second  axis  in  the  Gap  of  the  Conemaugh.  At  the  Gap  of 
the  Youghiogheny  it  exhibits  quite  a  vertical  section  of  70  feet,  and  of  60  feet  at  the  Virginia  State  line.  As 
exposed  upon  Dunbar  Creek,  it  exhibits  a  mass  of  curled  and  twisted  strata  100  feet  in  thickness. 

Beneath  it,  one  small  coal-bed — that  of  the  Sharon  Group — 6  inches  thick,  makes  its  appearance  on  Dunbar 
Creek,  in  connection  with  the  valuable  iron-ore  of  the  Umbral  Red  Shales.  The  same  is  seen  upon  the  National 
Turnpike,  where  it  ascends  the  ridge. 

Although  abundantly  suflicient  data  have  been  collected  to  establish  the  main  points  of  identity  of  this 
group  of  coal-bearing  strata  above  the  Serai  conglomerate,  as  a  group,  and  to  prove  the  persistency  of  their  gen- 
eral features,  as  foimd  in  the  more  northern  parts  of  the  great  Bituminous  Coal-field,  yet  great  difficulty  has  been 
experienced  in  tracing  the  individual  beds  of  coal  in  the  district  before  us.  Their  dividing  sandstones  form  an 
almost  uninterrupted  continuation  upward  of  the  Serai  conglomerate,  the  debris  of  which  covers  up  their  out- 
crops, thin  as  they  generally  are,  along  the  ra^^nes,  and  conceals,  in  like  manner,  their  best  indices,  the  limestone 
bands,  by  which  we  have  traced  them  throughout  the  region  already  described  ;  whUe  the  presence  of  the  more 
available  coal-seams  of  the  Waynesburg  Group,  nowhere  more  distant  than  a  mile  or  two,  and  easily  opened  on 
the  sides  of  their  hiEs  of  shale,  has  withdrawn  inducements  which  the  inhabitants  would  otherwise  have  felt 
to  develop  these  lower  coals. 

The  lowest  coal-bed — the  BrookvUle  or  Clarion  Coal — immediately  overlies  the  Serai  conglomerate. 
Towards  the  N.  it  is  of  considerable  thickness,  but  thins  as  we  trace  it  S.  In  the  Gap  of  the  Conemaugh  it  is 
4  feet  thick  ;  in  that  of  the  Loyalhanna,  5|  feet ;  at  Morgantown,  in  Virginia,  it  averages  2  feet.* 

The  Ferriferous  Coal-bed  at  the  Gap  of  the  Conemaugh  is  between  5  and  6  feet  thick  ;  beneath  it  is  its 
limestone,  2  feet  thick.  At  a  point  N.  of  the  Youghiogheny  River  it  was  observed  again,  under  a  thin  calcareous 
stratum,  having  a  thickness  of  2  feet.  At  this  locality  a  band  of  nodular  iron-ore  occurs,  30  feet  below  the  coal, 
which  corresponds  with  a  similar  band  of  iron-ore  in  the  first  basin,  exhibited  in  a  section  taken  along  Laurel 
Hill  Creek 

The  Lower  Freeport  Coal  has  been  found  as  difficvdt  to  trace  throughout  this  basin  as  the  coal-beds  under- 
neath it.  Everywhere  along  the  side  of  Chestnut  Ridge  two  coal-beds  may  be  seen,  separated  by  an  interval  of 
.sandstone  strata  from  50  to  100  feet  in  thickness  ;  the  interval  apparently  increases  S.  and  N.  towards  the 
heads  of  Jacob's  Creek :  these  are  the  Upper  and  Lower  Freeport  Coal-beds.  The  Freeport  Limestone  was 
occasionally  seen  between  them,  in  the  sections  made  along  the  State  line.  The  Lower  Coal-bed  averages  2 
feet  in  thickness,  but  attains  a  thickness  of  3  feet  on  Jacob's  Creek.  On  the  Loyalhanna,  on  the  E.  side  of 
the  first  sub-axis,  it  is  2J  feet  thick. 

The  Upper  Freeport  Coal-bed  has  an  average  thickness  of  4  feet,  and  is  almost  everywhere  a  double  bed. 
In  the  vertical  section  made  at  Morgantown,  Virginia,  it  seems  to  be  represented  by  two  beds,  12  feet  asunder. 
It  is  subject,  however,  to  the  most  remarkable  irregularities,  varying  at  one  spot,  on  the  Big  Sewickly,  at  the  first 
sub-axis,  from  a  thickness  of  18  inches  to  5  feet  in  a  short  distance  ;  and  at  another  locality,  from  one  bed  3  feet 
thick,  to  two  beds  each  3  feet  in  thickness.  At  one  place  upon  the  Big  Sewickly  Creek  it  measures  9  feet  of 
coal,  confused  under  a  wrinkled  roof ;  at  other  places,  it  is  known  to  thin  away  entirely.  On  Jacob's  Creek  it 
varies  from  slate  containing  but  a  few  inches  of  coal,  to  a  bed  of  coal  4  feet  thick,  with  very  little  admixture  of 

*  This  bed  is  probably  the  one  struck  by  a  Salt-boring  on  the  Big  Sewickly,  in  the  second  subdivision  of  the  Third 
Basin,  3^  feet  in  thickness,  and  150  feet  below  the  Upper  Freeport  Coal.  At  the  Redstone,  also,  it  appears  about  180  feet 
beneath  the  Upper  Freeport  Coal ;  but  it  is  there  only  2^  feet  thick.  Beyond  this,  W.,  it  has  not  been  recognised.  It  is  pos- 
sible that  this  may  be  the  bed  opened  on  Mount's  Creek,  above  Connellsville,  measuring  4  feet  thick,  the  upper  2  feet  of  which 
were  slaty  coal. 
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slate.  The  coal  is  usually  good,  even  when  its  solidity  is  impaired.  This  is  the  coal-bed  that  aflPords,  at  so  many 
spots  along  the  Sewickly,  the  Loyalhanna,  and  at  Saltzburg,  the  fuel  for  numerous  salt-works. 

Over  this  variable  bed  of  coal  is  seen  the  Mahoning  Sandstone  stratum,  a  coarse-grained,  massive  rock, 
with  a  maximum  thickness  of  50  feet.  It  is  finely  displayed  by  the  side  of  the  first  sub-axis,  where  the  latter 
crosses  the  Loyalhanna  opposite  Blarrsville,  and  in  many  other  localities  further  S.  It  is  generally  of  a  grey 
colour,  curled  and  twisted,  a  true  contorted  sandstone,  full  of  stems  and  leaves,  and  exhibiting  every  mark  of 
rapid  deposition.  It  does  not  always  immediately  overlie  the  coal ;  for  an  intervening  bed  of  slate,  sometimes  6 
or  8  feet  thick,  is  very  frequently  present  ;  and  in  one  locality,  if  our  identifications  are  correct,  its  thickness 
amounts  to  55  feet :  this  occurs  on  the  Loyalhanna. 

The  Freeport  limestone  occasionally  shows  itself  in  fragments  on  the  surface,  underneath  the  Upper  Free- 
port  Coal-bed.  At  the  Gap  of  the  Loyalhanna  a  calcareous  stratum,  3  feet  thick,  occurs,  50  feet  below,  in  what 
is  there  sujiposed  to  be  the  Upper  Freeport  Coal,  and  immediately  over  a  coal-bed.  Another  calcareous  stratum, 
2^  feet  thick,  holds  a  similarly  related  position  upon  Jacob's  Creek.  The  identification  of  the  beds  is  rendered  more 
doubtful  still  when  the  vaiiation  of  the  interval  between  these  Upper  and  Lower  Freeport  Coal-beds  is  observed. 
— an  interval  often  filled  by  micaceous  sandstones.  On  Jacob's  Creek  this  interval  is  43  feet,  the  Upper  Free- 
port  Coal  being  nearly  4  feet  thick,  and  the  Lower,  3  feet.  On  the  Loyalhanna,  at  the  first  sub-axis,  the  interval 
is  but  25  feet  between  the  coal-beds,  both  measuring  2i  feet.  At  the  Virginia  line,  the  interval  is  100  feet,  the 
lower  coal  being  2  feet  thick.  At  Connellsville,  the  same  two-feet  bed  is  93  feet  below  the  upper  coal.  It  would 
therefore  seem  more  than  probable  that  the  observations,  obtained  with  great  difficulty,  have  confounded  in  some 
sections  the  Kittanning  and  Lower  Freeport  Coal-beds. 

This  Lower  Group  is  nowhere  exposed  to  the  surface  S.  of  the  Redstone  upon  the  first  sub-axis,  nor  S.  of 
Loyalhanna  upon  the  line  of  the  second. 

Middle  or  Barren  Group. — No  phenomenon  in  the  geology  of  tliis  region  is  more  remarkable  than  the 
extraordinary  discrepancy  between  the  interval  occupied  by  the  Barren  Measm-es  in  the  Third  Basin,  and  that 
which  they  fill  in  the  first  and  second.  In  the  Salisbury  division  of  the  First  Basin,  the  vertical  distance  from 
the  Upper  Freeport  Coal,  through  the  Barren  Measures  to  the  Pittsburg  Coal,  is  only  225  feet ;  in  the  Ligonier 
Valley  or  second  basin  (N.  end),  scarcely  200  feet ;  not  10  miles  to  the  W.  of  this  locality,  where  the  latter 
measurements  were  made,  and  simply  on  the  other  side  of  the  anticlinal  axis  of  Chestnut  Ridge,  these  strata 
swell  to  600  feet  in  thickness,  and  that  without  any  apparent  increase  in  the  number  of  economical  beds  of  coal 
and  limestone.  The  same  Elk  Lick  Creek  Barren  Coal,  and  Little  Pittsbm-g  Coal,  seem  to  reappear  in  their  proper 
relative  positions,  but  with  a  vastly  enlarged  thickness  of  interstratified  rocks,  and  these  almost  wholly  composed 
of  immense  deposits  of  argillaceous  shales.  Error  of  measurement  seems  prechided  by  the  repetition  of  the 
Ligonier  scale  beyond  Negro  Mountain,  and  of  the  Saltzburg  and  Connellsville  scale  upon  the  Monogahela, 
and  at  Waynesburg,  further  W.  Possibly  the  great  difference  in  the  thickness  of  the  group  may  arise  from  there 
having  been  an  anticlinal  barrier  already  elevated  in  the  sea  bottom  at  the  time  of  the  deposition  of  the  materials, 
causing  the  rate  of  this  to  vary  on  the  two  sides. 

By  a  similar  comparison  of  localities,  on  the  two  sides  of  this  same  axis,  far  to  the  N.,  at  Kai-thaus  and 
at  Bennett's  Branch,  we  notice  a  similar  increase  of  thickness,  not  in  this  Middle  Barren  Group,  but  in  the  Lower 
Group,  the  rocks  between  the  Upper  Freeport  and  Femferous  Coals. — (See  Sections  at  Karthaus  and  Bennett's 
Branch,  Chapters  VIII.  and  IX.) 

Midway  in  the  interval  of  Barren  Measures  above  described,  and  seemingly  persistent  throughout  the  region, 
is  a  small  coal-bed,  averaging  1 J  feet  thickness.  It  is  of  value  as  an  index  to  the  other  constituents  of  the  group. 
Above  it  rests,  in  many  places,  a  massive  bed  of  sandstone,  supposed  to  be  characteristic  of  this  portion  of  the 
series ;  and  in  connection  with  this  coal  are  the  "  green  limestone  layers,"  traced  extensively  on  both  sides  of 
the  Conemaugh  and  far  to  the  N.    At  Saltzburg  these  are  340  feet  below  the  Pittsburg  Coal-seam. 

Tlie  Elk  Lick  Coal,  80  feet  below  the  former,  in  the  section  made  along  the  Virginia  line,  is  at  that  place  4 
feet  thick.  It  doubtless  will  be  found  to  occur  in  a  similar  position  in  the  series  everywhere,  the  interval  increas- 
ing perhaps  towards  the  N.  ;  but  it  must  vary  greatly  in  size,  as  it  has  been  identified  at  only  fom-  localities,  by 
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its  usual  superior  thickness  to  that  of  the  other  coals  of  the  Barren  Measures.  It  issues  from  the  Conemaugh 
below  Livermore,  to  ascend  the  second  axis ;  is  a  3-feet  bed  at  the  head  of  Jacob's  Creek,  and  4|  feet  thick  on 
the  Youghiogheny,  in  the  second  sxibdivision  of  the  basin.  It  is  4  feet  in  thickness  at  Lobizer's  Mill  on  Jacob's 
Creek,  and  is  there  estimated  to  be  150  feet  above  the  Upper  Freeport  Coal,  for  which,  despite  this  great  interval, 
it  has  more  than  once  been  mistaken  ;  but  the  massive  Mahoning  Sandstone,  which  generally  overlies  the  latter, 
and  the  abundance  of  yellow  slates  and  sandstones  about  the  former,  will  assist  in  distinguishing  them. 

The  exact  position  in  the  series  of  this  middle  group  to  be  assigned  to  a  very  extensively  persistent  stratum 
of  red  and  variegated  shales,  has  not  been  determined.  We  are  inclined  to  place  them  above  the  sandstone  over 
the  Barren  Coal-seam.  In  one  locality  on  Jacob's  Creek  a  fossiliferous  limestone  is  seen  at  their  upper  limit,  and 
over  this  again  a  stratimi  of  calcareous  nodules  and  ore.  These,  perhaps,  appear  upon  the  Loyalhanna,  where 
the  lower  limestone  is  6  feet  thick,  impure  and  weathering  yellow  ;  and  the  upper  bed,  60  feet  above  the  other, 
is  2  feet  thick.  An  exposui-e  of  ore  and  red  shale,  overlying  sandstone  strata,  somewhere  in  this  part  of  the 
series,  may  be  observed  on  Jacob's  Creek,  at  Hess  and  Chair's  Mill.  It  is  pretty  well  ascertained  that  limestone 
is  usually  associated  with  this  set  of  red-shale  strata  in  the  Barren  Measures  :  it  may  be  that  more  than  one 
such  occurs  at  different  heights.  The  Red  Shales  appear  in  some  sections  just  over  the  lower  sandstones  of  the 
group  ;  in  others,  not  far  below  the  "  non-fossUiferous "  Umestone  in  its  upper  part.  In  the  section  at 
Morgantown,  Virginia,  they  occupy  a  middle  position. 

The  Barren  group  limestone,  as  it  may  be  called,  is  a  quite  persistent  calcareous  member  of  this  series, 
occurring  above  150  feet  beneath  the  Pittsbm-g  Coal-seam,  and  5,  4,  and  3  feet  thick  respectively,  as  seen  upon 
George's  Creek,  the  Youghiogheny,  and  the  Conemaugh. 

A  massive  sandstone  is  observed  with  some  irregularity  at  a  distance  below  the  Pittsburg  Coal.  It  caps 
many  of  the  hUls  along  the  first  sub-axis  between  the  Loyalhanna  and  Sewickly  Creeks.  It  may  be  observed — 
70  feet  in  thickness — ^in  the  section  made  at  Pittsburg,  about  100  feet  below  the  great  seam. 

Very  small  coal-seams  are  seen  in  parts  of  this  group  ;  one  such  is  14  inches  tliick  on  Jacob's  Creek,  and 
100  feet  above  is  a  6-inch  seam.    The  same  appears  in  the  Morgantown  section. 

The  Little  Pittsburg  Coal  is  a  bed  about  1^  feet  thick  not  everywhere  observed,  and  apparently  thinning 
out  towards  the  W.,  as  it  does  not  make  its  appearance  in  the  Pittsburg  and  Waynesburg  sections.  An  average 
of  its  variable  depth  below  the  Pittsburg  Coal  would  be  perhaps  100  feet.  Upon  the  Youghiogheny  a  limestone 
lies  below  it  mixed  with  shale  from  4  to  12  feet  thick.  In  the  second  basin,  at  Ligonier,  this  calcareous  band  is 
3  feet  thick. 

The  great  limestone  stratum  at  the  top  of  this  group  properly  belongs  to  the  third  or  upper  group,  and  wiU 
be  described  with  the  Pittsburg  Seam. 

THE  UPPEE  OE  GEEENE  COUNTY  GEOUP. 

For  a  certain  space  beneath  the  great  Pittsburg  Coal-bed,  the  nominal  base  of  the  group,  the  strata  are 
calcareous,  with  a  tendency  to  the  exliibition  of  massive  limestone  beds,  even  to  one  25  feet  in  thickness,  as  at 
Pittsburg.  In  the  Second  Basin,  near  Ligonier,  the  lowest  5  or  10  feet  of  this  space  is  a  solid  limestone  stratum, 
separated  by  20  feet  of  shales  from  the  coal. 

At  Blairsville  on  the  Conemaugh,  at  the  first  sub-axis  of  the  Third  Basin,  the  stratum  measm'es  12  feet.  In 
the  Youghiogheny  section,  and  in  the  Morgantown  section,  a  coal-bed  1-|  feet  thick  is  associated  -with  it. 

The  Pittsburg  Coal-Bed,  assumed  as  the  base  of  the  upper  group,  extends  along  the  whole  line  of  the  first 
subdivision,  from  the  Conemaugh  to  the  Virginia  State  line,  and  outcrops  to  the  right  and  left  in  the  first  range 
of  hills  facing  the  first  sub-axis  W.,  and  in  the  second  range  of  hUls  facing  Chestnut  Ridge  E.  Two  mdes  to 
the  S.  of  the  National  Road  it  arches  over  the  line  of  the  first  sub-axis  into  the  second  trough  or  subdivision  of 
the  third  basin.  In  the  centre  of  the  first  trough  tlie  Pittsburg  Coal-bed  descends  to  within  a  few  feet  of  the 
water-level  of  the  Conemaugh,  and  then  sweeps  horizontally  and  ascends  again.  It  appears  beneath  the  water- 
level  on  the  Loyalhanna  for  2  miles,  and  upon  the  Youghiogheny  for  1^  miles.    On  the  Sewickly  its  lowest 


504 


COAL-FIELD  W.  OF  CHESTNUT  RIDGE. 


point  in  the  centre  of  its  synclinal  basin  is  estimated  at  170  feet  beneath  the  water-level.  But  on  Jacob's  Creek 
it  does  not  descend  to  the  stream. 

The  E.  line  of  outcroii  of  the  coal  alternately  approaches  and  recedes  from  Chestnut  Eidge  in  obedience 
to  an  irregiilarly  denuded  surface,  and  in  one  instance  to  a  small  local  axis  upon  Mount's  Creek  The  dis- 
tance, therefore,  from  outcrop  to  outcrop — that  is,  the  breadth  of  the  area  it  covers — varies,  being  1|  miles  at 
New  Derry  in  the  N.,  but  on  the  Youghiogheny  only  |  of  a  mile,  and  if  measured  straight  across  along  the  river, 
it  is  1^  miles.  Approaching  the  State  line  it  becomes  nearly  horizontal,  and  spreads  over  almost  the  whole 
area  of  country  between  George's  Creek,  the  Monongahela  Eiver,  Cheat  River,  and  Chestnut  Eidge.  Its  lowest 
approach  to  the  water-level  there  is  173  feet ;  its  highest  elevation,  371  feet.  In  the  second  subdivision  of  the 
Third  Basin,  W.  of  the  first  sub-axis,  it  sinks  again  below  the  water-level  in  most  of  the  water-courses  S.  of 
Jacob's  Creek,  rising  again  W.  upon  the  Brownsville  continuation  of  the  second  sub-axis.  L^pon  the  Youghio- 
gheny River  it  enters  the  water  1  mile  below  the  mouth  of  Jacob's  Creek,  and  on  the  Redstone  Creek,  300  yards 
below  Sharpley's  Mill,  reappearing  with  an  E.  dip  1  mile  above  its  mouth.  In  the  third  subdivision  it  comes  up 
from  the  water-level  with  an  E.  dip,  near  the  mouth  of  Sewickly  Creek,  and  at  the  mouth  of  the  Youghiogheny 
River  is  25  feet  above  the  stream. 

The  character  of  the  Pittsburgh  Coal-seam  in  all  this  region  is  well  marked,  showing  everywhere  a  dispo- 
sition to  divide  itself  into  a  lower  bed  of  solid  coal,  and  an  upper  series  of  thin,  alternated,  often  contorted,  seams 
of  coal  and  slate,  in  which  sometimes  the  coal  predominates,  at  other  times  the  slate.  The  lower  member  is 
almost  universally  a  good,  pure,  solid,  columnar  coal ;  though  towards  the  Virginia  line  this  also  shows  a  dispo- 
sition to  become  more  slaty.  It  is  usually  free  from  sidphm-et  of  iron,  except  along  a  strip  of  country  lying 
W.N.W.  and  E.S.E.  in  the  line  of  Cat  Eun,  where  large  lumps  of  iron  pyrites  occur. 

The  thickness  of  the  lower  member  of  the  Pittsburg  Coal-bed  is  variable,  being  6  feet  thick  on  the  Cone- 
maugh,  and  from  7  to  8^  upon  the  Loyalhanna.  The  average  thickness  of  the  upper  member 
is  3  or  4  feet ;  it  is  far  more  variable  than  the  other.  Sometimes  it  contains  a  coal-seam  12 
or  15  inches  thick,  a  foot  above  the  lower  member,  and  on  this  alternations  2  feet  thick  ; 
6  "-^^SB  and  then  the  lower  member  is  7-2  feet  thick  :  this  is  in  the  second  trough.  At  another  place 
an  interval  of  2  feet  of  shales  separates  a  coal-bed  of  2  feet  from  the  lower  member.  Again  we 
find  4  feet  of  alternations,  and  between  these  and  the  lower  member  2  feet  of  sandstone.  This 
rock  may  indicate  the  true  cause  of  the  wide  prevalence  of  the  double  character  of  the  bed.  Again, 
at  Smythfield  may  be  seen  the  accompanying  Sections,  made  within  400  yards  of  each  other. 

Upon  the  Sewickly  Creek  the  lower  member  is  9  feet  in  thickness  ;  the  upper  one  5i, 
with  a  little  slate  intermixed.    This  makes  the  whole  bed  14  feet  thick,  which  is  its  thickness 
in  the  Waynesburg  section. 
We  may  consider  its  average  thickness  in  this  basin,  10  feet  ;  in  the  second  basin,  8i  feet  ;  in 
the  Sahsbury  subdivision  of  the  first  basin,  9  feet.    Still  farther  E,  in  the  isolated  basin  of  Savage  ^Mountain, 
it  may  perhaps  be  recognised  as  the  equivalent  of  a  double  bed  of  coal  7^  and  4  feet  thick,  overlaid  at  a  dis- 
tance of  90  feet  by  a  seam  1 4  feet  in  thickness. 

The  ore  at  Savage  Mountain  occurs  as  bands  of  carbonate  of  iron  nodules  imbedded  in  shale  below, 
between,  and  above  the  two  members  of  the  double  coal-bed.  In  the  Salisbury  Basin,  u-on-ore  is  found  below  the 
Pittsburg  Bed  ;  the  quality  and  quantity  are  unknown.  At  Oliphant's  Furnace  the  ore  is  obtained  mider  the 
coal ;  and  the  same  ore  is  said  to  have  been  found  at  Mount  Braddock,  S.E.  of  Uniontown,  in  the  same  position  ; 
but  it  is  nowhere  wi'ought  N.  of  Eedstone  Creek.  It  was  not  seen  in  the  Ligonier  Valley  or  Second  Basin. 
It  is  certainly  a  question  why  it  should  range  only  S.  of  a  particular  Hne. 

In  the  second  trough  or  subdivision  the  Pittsburg  Coal-bed  extends  in  the  shape  of  a  canoe  from  a  point 
a  few  miles  to  the  N.  of  New  Alexandria,  on  the  Loyalhanna,  to  a  point  3  mUes  S.  of  Greensburg.  Over  this 
area  the  rocks  above  this  bed  have  no  great  vertical  height.  On  the  N.  side  of  the  Loyalhanna  Valley  the  bed 
has  escaped  denudation  only  upon  the  W.  side  of  the  trough,  and  is  there  8  feet  thick,  with  its  characteristic 
divisions. 
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The  Pittsburg  Sandstone. — The  characteristic  rock  above  the  Pittsburg  Coal-bed  is  a  massive  sandstone 
stratum  irregulai-ly  stratified,  weathering  with  roundish  holes,  and,  where  exposed  along  the  Conemaugh  and 
Loyalhanna  streams,  from  30  to  50  feet  in  thickness.  It  is  a  rock  with  variable  aspect,  but  the  interval  between 
the  Pittsburg  Coal  and  the  next  bed  above  is  a  sandstone  interval.  It  appears — 25  feet  thick — in  Greene  County 
and  at  Pittsbm-g,  and  40  feet  in  the  Salisbury  trough  of  the  Pirst  Basin.  It  forms  "  the  Barrens  "  near  New 
Deny  in  the  N.  part  of  the  first  trough  of  the  Third  Basin.  A  few  feet  of  shales  usually  prevent  this  sandstone 
from  resting  immediately  upon  the  upper  member  of  the  Pittsburg  Coal-bed  ;  and  these  shales  sometimes 
attain  a  thickness  of  20  feet.  In  some  few  instances,  as  at  Wheeling,  the  sandstone  stratum  is  wholly  wanting, 
its  place  being  supplied  by  more  argillaceous  or  calcareous  rocks. 

The  Redstone  Coal. — In  the  Salisbui-y  Basin  (Column  of  strata  at  Elk  Lick  Creek,  Chapter  XXIX.)  the  out- 
crop of  a  large  coal-bed  is  marked  40  feet  above  the  outcrop  of  the  Pittsburg  Coal.  In  the  Ligonier  Valley  a  3-feet 
bed  of  coal  occurs  at  half  that  height.  In  the  Third  Basin,  on  Redstone  Creek,  and  at  Mount  Braddock,  to  the 
S.E.  of  Connellsville,  a  coal-bed,  varying  from  2  to  3^-  feet,  the  smut  at  the  outcrop  of  which  is  occasionally 
seen  to  the  N.,  but  not  to  the  S.  of  the  Redstone,  has  been  opened  at  a  height  of  45  or  50  feet  above  the  Pittsburg 
Coal-bed.  At  Mount  Braddock  the  coal  is  interlaid  with  slate.  In  Virginia  the  same  bed  is  traceable,  from  3  to 
4  feet  in  thickness  in  the  neighbourhood  of  Morgantown  ;  but  at  Wheeling  it  presents  an  outcrop  of  only  5  inches. 

The  Seiuicklij  Coal. — The  next  coal-seam  in  the  ascending  order  is  to  be  found  at  an  average  height  of  100 
feet  above  the  Pittsburg  Seam,  and  in  two  instances  it  is  enclosed  between  two  layers  of  the  Great  Limestone. 
The  average  thickness  it  exhibits  may  be  stated  at  4;^  feet,  though  it  ranges  in  places  from  \^  to  6\  feet.  It 
measures  3  feet  in  the  Ligonier  Section  of  the  Second  Basin,  and  5^  feet  in  the  Virginia  Section  at  Morgantown. 
At  Wheeling  it  is  scarcely  visible. 

In  tracing  this  Sewickly  Coal-bed,  and  the  one  below  it,  the  Redstone  Coal,  beyond  the  Alleghany  Moun- 
tain, over  into  the  Savage-Mountain  Basin,  one  can  only  refer  to  the  two  coal-beds  there  exhibited  as  12  feet 
apart,  the  upper  one  measuring  5^  and  the  lower  14  feet  in  thickness,  and  at  a  proper  elevation  of  90  feet  above 
the  double  Pittsbm-g  Vein.  The  great  thickness  of  the  lower  bed  is  the  most  striking  feature  in  this  analysis  of 
identity.  As  the  Redstone  Coal  thins  away  Westward  to  almost  nothing  at  Wheeling,  there  is  a  probability  of  its 
thickening  Eastward  even  to  14  feet  in  this  outlying  basin.  It  may  be  observed  here  that  the  ore-bearing  shale 
beneath  the  lower  14-feet  bed,  has  its  representative  in  the  section  made  at  Uniontown  beneath  the  Redstone 
Coal.  As  to  their  close  approximation  in  the  Savage -Mountain  Basin,  the  same  is  true  of  them  at  Wheeling, 
where  they  have  reached  extreme  tenuity,  and  are  but  24  feet  asunder.  In  conclusion,  it  is  proper  to  say,  that  the 
rocks  of  this  upper  gi'oup,  although  denuded  from  over  such  extensive  areas,  and  having  therefore  many  links 
deficient  in  the  chain  of  their  exposures  across  the  country,  furnish  sufficiently  ample  data  to  establish  results  which 
would  have  been  regarded  but  a  few  years  back  as  quite  chimerical. 

The  Sewickly  Coal-bed  is  first  seen  as  we  trace  it  S.  from  the  Conemaugh,  W.  of  the  Chestniit  Ridge,  upon 
Sewickly  Creek.    It  is  here  nearly  5  feet  thick,  with  20  feet  of  dark-blue  and  brownish  shales  above. 

Near  Uniontown  there  rests  upon  it  a  curled  and  twisted  sandstone,  full  of  wedges  and  chips  of  coal ;  it 
has  usually  limestone  over  it.  At  Mount  Braddock  it  is  4  feet  thick  ;  but  on  the  Youghiogheny  only  15  inches. 
To  the  S.  of  George's  Creek  it  is  much  swept  away,  although  it  occurs  even  S.  of  Cheat  River.  To  the  S.W.  of 
Redstone  Creek  it  has  been  opened  in  several  localities,  and  is  4  feet  thick 

In  the  second  sub-basin  it  is  not  found  at  Greensburg,  but  on  the  Big  Sewickly  Creek,  not  far  distant,  it  is 
observed.  It  rises  from  the  water  of  the  creek  at  a  point  three  miles  below  Markle's  Mill,  with  E.  dip.  The 
Pittsburg  Coal  rises  at  a  point  one  mile  lower  down  the  creek,  or  two  miles  above  the  creek's  mouth. 

The  Great  Limestone-Bed. — This  is  a  series  of  alternate  calcareous  and  argillaceous  strata,  varying  in  thick- 
ness and  composition,  the  whole  mass  being  of  greater  or  less  compass  in  section,  according  to  the  upper  limit 
assigned  to  it.  Upon  the  Monongahela,  in  the  neighbourhood  of  Pittsburg,  its  thickness  is  estimated  at  60  or 
70  feet,  enclosing  the  Sewickly  Coal-bed,  and  extending  upwards  to  a  seam  of  coal.  The  Uniontown  Coal  is 
1  foot  thick  ;  a  calcareous  stratum  8  feet  in  thickness,  which  may  be  thrown  into  the  general  mass,  occurs  25  feet 
stiU  higher  than  this  coal,  and  with  that  the  limestone  deposits  in  the  section  seem  to  cease. 
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At  Wlicoling  the  expansion  of  these  strata  is  enormous  ;  the  deposition  of  calcareous  matter,  commencing 
immediately  above  the  Pittsburg  Coal,  has  been  continued  with  slight  interruptions,  and  some  admixture  of  argilla- 
ceous ingredients,  for  a  vertical  height  of  about  260  feet,  of  which  160  feet  of  technically  solid  limestone  may  be 
seen.  Tvvo  small  beds  of  coal  in  the  lower  part,  and  a  third  in  its  upper  limit,  subdivide  this  vast  deposit.  In 
the  neighbourhood  of  Waynesburg,  in  Greene  County,  these  coal-seams  do  not  appear  in  the  section,  but  the  cal- 
careous deposit  is  exposed  in  three  coherent  layers,  the  lowermost  16  feet  thick  ;  then,  after  an  interval,  31  feet 
of  shales,  the  middle  band  18  feet  thick  ;  and  after  another  interval  of  40  feet,  the  uppermost  (corresponding  to 
the  8-feet  limestone  in  the  Pittsburg  Section)  8  feet  thick. 

Upon  the  Sewickly  Creek  in  tlie  third  sub-basin  there  is  one  great  deposit  of  limestone  70  feet  in  thickness, 
and  four  smaller  ones,  measuring  in  the  aggregate  40  feet.  Upon  the  Youghiogheny  it  is  divided  by  the  jilane  of 
the  Sewickly  Coal-bed,  24  feet  of  limestone  underlying  the  coal,  and  22  feet  of  limestone  overlying  it ;  while 
more  than  50  feet  of  calcareous  argillaceous  alternations  occur  above  the  upper  member.  At  the  broad  ford  of 
the  Youghiogheny,  it  is  exposed  in  two  beds  50  feet  asunder :  the  upper  bed  is  40  feet,  the  lower  one  35  feet  in 
thickness.  It  wears  a  similar  aspect  in  the  Virginia  section  at  Morgantown,  where  it  is  also  divided  into  two 
beds  50  and  8  feet  in  thickness,  the  Sewickly  and  Redstone  coal-beds  occurring  in  the  interval.  This  appears  to 
be  its  type  where  perfectly  developed,  but  it  is  subject  to  amazing  changes  :  it  thickens  and  consolidates  remark- 
ably when  traced  towards  the  Youghiogheny  Eiver,  not  presenting  an  equal  thickness,  even  at  points  so  near 
as  the  exposures  upon  Jacob's  Creek.    It  is  finely  exposed  upon  Mill  Creek,  south  of  the  Youghiogheny  Eiver. 

Upon  the  Redstone  Creek  the  limestone  exhibits  one  great  belt  67  feet  thick,  and  many  smaller  bands  above. 
Traced  S.  from  the  Youghiogheny,  the  strata  rising  with  the  Basin,  this  limestone  caps  the  highest  hUls.  To 
the  S.  of  George's  Creek,  perhaps  only  the  lowest  member  enters  the  highest  summits.  It  forms  a  high 
narrow  wall-like  ridge  between  the  Youghiogheny  and  Mount's  Creek.  Traced  E.,  we  see  the  Great  Limestone 
represented  in  the  Ligonier  Section  of  the  Second  Basin,  by  one  bed  4  feet  thick  beneath,  and  another  a  7-feet  bed, 
30  or  40  feet  above  the  Sewickly  Coal.  Wliile  in  the  Salisbury  trough  of  the  First  Basin,  we  were  prevented  from 
learning  true  accounts  of  its  diminished  volume,  by  finding  only  its  debris  covering  in  situ  the  summit  of  the  cen- 
tral ridge.  Shales  of  various  colours  are  freely  intermixed  with  these  limestone  strata.  In  the  Thii'd  Basin  they 
are  said  to  contain  no  fossils.  Elsewhere  some  layers  are  reported  to  be  fossiliferous,  while  "  the  thick  strata  do 
not  contain  any  fossils." 

The  Uniontown  Goal  is  a  small  bed  about  200  feet  above  the  Pittsburg  Coal,  consisting  rather  of  two  beds, 
each  1  foot  thick.  In  the  second  sub-basin,  on  the  Redstone  Creek,  it  averages  85  feet.  It  is  not  invariably 
a  double  bed.  It  is  not  yet  opened,  nor  do  the  rocks  above  it  extend  far  S.  of  the  National  Road ;  it  is  perhaps 
Judge  Ewing's  3-feet  bed.  It  is  not  visible  in  the  Waynesburg  Section  ;  and  neither  the  fii-st  nor  second  basins 
to  the  Eastward  are  deep  enough  to  receive  it.  Henceforth  the  area  of  observation,  as  we  ascend  in  the  general 
series,  will  continually  circumscribe  itself,  and  will  finally  be  confined  wholly  to  Greene  Coimty. 

The  8-feet  stratum  of  limestone  mentioned  in  the  description  of  the  Great  Limestone,  as  occurring  at  its 
upper  limit,  lies  between  the  Uniontown  Coal  and  the  coal-bed  next  above,  and  adds  a  new  feature  to  the  remark- 
able continuity  over  such  a  wide  area  of  the  upper  beds  of  the  gi-oup  of  strata  as  we  are  considering.  In  the  first 
sub-basin  W.  of  the  Chestnut  Ridge  it  is  8  feet  thick  ;  in  the  second  sub-basin,  upon  the  Redstone  Creek,  it  is  10 
feet  thick ;  on  the  Big  Sewickly,  8  feet ;  the  same  in  the  Pittsburg  Section,  and  always  occupying  the  same  position. 

The  Waynesburg  Coal-Bed. — In  the  second  trough  of  the  Third  Basin  this  measures  5  feet,  and  lies  at  an  ele- 
vation of  300  feet  above  the  Pittsbm'g  Seam.  In  the  Pittsburg  and  Waynesburg  sections  it  measures  6  feet,  and 
is  but  250  feet  above  the  Pittsburg  Seam.  N.  of  Mount  Pleasant,  in  Westmoreland  County,  this  bed  is  the 
highest  in  the  series,  measuring  5  or  6  feet  thick ;  but  it  has  not  been  found  to  the  S.  of  that  point.  Near  Union- 
town  it  occurs  only  1|  feet  thick,  and  at  one  locality  on  the  Redstone,  2  feet  thick.  This  seems  to  be  a  local 
degradation  of  the  bed. 

There  are  two  exposm-es  of  coal-beds  which  have  been  ascribed  to  the  Waynesburg  Bed,  but  they  do  not  at  all 
correspond  with  it  in  general  character.  The  coal  is  in  thin  layers,  alternating  with  thin  layers  of  black  slate,  the 
whole  measuring  5  feet  at  Cox's,  S.  of  the  Youghiogheny  River  in  the  first  sub-basin.    On  the  Big  Sewickly,  at 
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one  locality,  the  same  alternations  occur,  measuring  9  feet  in  thickness.  Several  circumstances  are  calculated  to 
throw  doubt  ujion  the  identity  of  these  beds  with  the  Waynesburg  Coal.  At  the  first-mentioned  locality  there  is 
evidence  of  the  presence  of  a  bed  of  good  coal,  4  feet  in  thickness,  and  open  three-quarters  of  a  mUe  distant,  which 
is  more  likely  to  be  the  Waynesburg  Coal-bed. 

Above  the  Waynesburg  Coal-bed  occur  yellow  and  olive  shales  and  thin  sandstone  layers,  occasionally  inter- 
stratified. 

The  highest  notable  bed  left  undenuded  in  the  S.W.  parts  of  the  Third  Basin,  Kes  55  feet  above  the  Waynes- 
burg Coal,  in  the  Waynesburg  Section,  and  is  2  feet  thick ;  sandstone  strata  intervene  between  the  beds.  Though 
nowhere  opened  in  the  Eastern  subdivisions  of  the  Third  Basin,  its  outcrop  smut  is  seen,  with  that  of  two  others 
in  the  neighbourhood  of  Uniontown,  where  the  first  subdivision  holds  the  greatest  height  of  rocks. 

This  seam  is  the  highest  in  the  series  ;  it  is  underlaid  by  sandstone  strata,  49  feet  thick,  beneath  which  rests 
a  4-feet  seam  of  coal.    These  beds  are  thought  to  be  recognisable  in  the  Savage  Mountain  coal-field. 

A  double  limestone-bed  overlies  the  last-mentioned  coal,  composed  of  two  members,  each  4  feet  thick,  and 
separated  by  an  interval  of  4  feet. 

A  coal-bed  1  foot  thick  is  seen  to  outcrop  40  feet  above  the  double  bed  of  limestone,  and  probably  is  one  of 
three  traceable  at  intervals  of  35  feet  around  the  summits  of  the  Uniontown  Hills.  The  uppermost  of  the  three 
is  perhaps  a  10-inch  coal-bed,  next  in  order  in  the  Waynesburg  Section,  30  feet  above  the  1-foot  bed.  20  feet 
above  this  are  3^  feet  of  limestone. 

We  have  now  gained  an  elevation  in  the  series,  at  which  denudation  over  the  whole  country,  to  the  N.  and 
E.  of  Greene  County,  effectually  precludes  aU  further  systematic  classification.  Rocks  higher  than  those  last 
mentioned  are  found  only  in  Greene  County.  A  section  of  the  rocks  of  Greene  County  was  attempted,  but 
proved  exceedingly  meagre  in  valuable  details.  It  contains  600  feet  of  higher  strata  measured,  and  200  still 
higher  unmeasured.  In  the  600  feet  we  find  three  coal-beds,  not  one  of  which  exceeds  1  foot  in  thickness,  and 
six  small  limestone  beds  at  various  elevations,  the  highest  being  5  feet  thick,  and  900  feet  above  the  Pittsburg 
Coal,  by  estimation. 

The  last  and  highest  rock  observed  is  a  mass  of  grey  and  buff  micaceous  sandstone,  110  feet  thick,  occupy- 
ing the  highest  ground  between  the  head-waters  of  Ten-mile  and  Wheeling  creeks.  Here,  if  anywhere  in  the 
Great  Appalachian  Coal-field,  the  geologist  should  institute  a  search  for  Permean  fossils  identical  with  the  si)ecies 
lately  found  in  Illinois  and  Kansas,  above  the  productive  Coal-measures. 


SUBDIVISION  III. 

DETAILED  DESCRIPTION  OF  THE  BITUMINOUS  COAL  REGION. 

CHAPTER  I. 

THE  FIRST  BASIN  WESTWARD  TO  PINE  CREEK. 

The  Eastern  extremity  of  the  first  bituminous  coal-basin  crosses  the  Loyalsock,  near  the  mouth  of  Plunkett's 
Creek.  The  rocks  opposite  the  mouth  of  Mill  Creek,  and  along  the  whole  extent  of  that  stream,  dip  gently  to 
the  S.S.E.  The  conglomerate  capping  the  hUls  may  be  traced  for  miles  along  their  summits.  At  the  very  head 
of  Mill  Creek,  the  lower  beds  of  the  Vespertine  sandstone  replace  it  on  the  hill-tops  ;  and  below  the  mouth  of 
that  stream,  on  the  other  side  of  the  Loyalsock,  the  Ponent  red  sandstone  rises  200  feet  in  the  hill,  the  remain- 
ing height  consisting  of  the  flaggy  brown  Vespertine  sandstones.  In  the  latter  rock  occur  thin  bands  of  a  poor 
arenaceous  limestone,  hardly  rich  enough  in  lime  to  be  of  any  value.  It  assumes  a  singularly  pitted  or  worm-eaten 
surface  from  atmospheric  action.  It  is  sometimes  4  feet  thick.  Upon  the  top  of  the  hill  above  referred  to,  and 
at  an  elevation  of  about  1000  feet  above  the  stream,  occurs  the  conglomerate,  apparently  about  40  feet  thick,  dip- 
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ping  S.S.E.  The  first  anticlinal  axis,  here  very  abrupt,  exposing  the  red  Ponent  sandstones  on  the  stream  next 
W.  of  Lick  Creek  (another  Mill  Creek),  is  traceable  in  a  W.  by  S.  direction,  crossing  Pheasant  Stream,  and  then 
Lycoming  Creek,  half  a  mile  above  the  mouth  of  Pheasant  Stream.  Eastward  it  ranges  in  a  perfectly  straight 
line,  so  as  to  cross  Tunkhannock  Creek,  just  above  the  mouth  of  its  S.  Branch.  Nowhere  does  it  exhibit  dips  so 
great  as  along  the  waters  of  the  Loyalsock.  The  considerable  angle  at  which  the  rocks  dip  N.  of  the  Little  Loyal- 
sock,  causes  nearly  the  whole  thickness  of  Ponent  rocks  to  crop  out  in  one  hill,  though  the  perpendicular  depth 
is  about  1000  feet.  The  olive  and  greenish  slates  of  the  underljdng  strata  at  the  alternation  of  the  Vergent  and 
Ponent  series,  also  appear  :  they  have  been  usually  supposed  to  contain  copper  ore.  The  Vergent  rocks  come 
to  the  surface,  near  the  confluence  of  Milk  Creek  and  Lick  Creek,  while  they  include  a  thin  bed  of  fossiliferous 
limestone  of  good  quality  for  making  lime.  Near  the  limestone  rises  a  brine  spring,  the  water  of  which  fiunishes 
a  brackish  sediment  by  evaporation.  The  bottom  lands  of  the  Loyalsock  are  wider  than  those  on  most  of  the 
other  streams  in  the  Northern  counties,  and  contain  many  good  forms.  The  neighbouring  hills  are  precipitous 
and  rocky,  and  remarkable  for  the  distinct  features  of  the  benches  along  theu-  sides.  Their  height  varies  from  a 
few  hundred  to  a  thousand  feet ;  one  of  them  proved  to  be  988  feet  by  measurement.  On  the  N.  .side  of  this 
hill,  which  is  1  mile  above  the  mouth  of  Elk  Creek,  the  strata,  as  far  as  ascertained,  are  as  follows  : — For  the  first 
30  feet  above  the  stream,  Ponent  red  shales,  then  blue  sandstone.  Above  this  occur  flaggy  argillaceous  sandstones, 
somewhat  reddish,  but  more  commonly  blue  and  grey.  The  flat  loose  pieces  of  this  rock  conceal  most  of  the 
lower  beds,  resting  on  the  side  of  the  hill,  although  it  slopes  at  an  angle  of  nearly  70°.  A  somewhat  reddish  and 
heterogeneous  calcareous  rock,  in  large  blocks,  has  fallen  a  short  way  down  to  the  water's  edge  :  it  is  an  indiffer- 
ent hmestone,  probably  unfit  for  use.  At  the  height  of  568  feet  occurs  a  bold  bench  or  perpendicular  clifi",  formed 
by  a  bed  of  coarse  white  sandstone  and  conglomerate,  about  80  feet  thick,  embracing  a  curious  variety  of  white 
shale  1  foot  in  thickness.  Receding  from  this  escarpment  occurs  a  shelf  or  terrace  of  very  gentle  slope,  from 
which  the  hill  rises  by  a  steep  and  regular  acclivity  to  the  very  summit,  which  is  covered  with  scattered  pieces 
of  coarse  conglomerate.  This  hill  and  the  adjoining  rivulets  were  closely  examined,  and  a  few  excavations  were 
made,  without  discovering  any  trace  of  either  iron  ore  or  coal :  the  latter  ought  to  have  presented  itself,  had  the 
bench  desci  ibed  been  formed  by  the  Serai  conglomerate.  A  band  of  red  shale  near  the  summit  belongs  probably 
to  the  Vespertine  red  shales,  and  may  possibly  contain  some  iron  ore.  The  summit  of  this  hill  is  a  broad  flat 
used  as  a  pasture,  and  the  only  artificial  enclosure  required  for  the  cattle  is  a  single  bar  put  across  a  narrow 
passage  between  two  rocks.  On  the  S.  of  the  Loyalsock  opposite  the  last  hiU,  a  bench  exists,  apparently  on 
a  level  with  the  top  of  this,  while  a  knob  40  or  50  feet  high  rises  above  it,  composed  of  sandstone  and  conglome- 
rate. Under  this  last  bed  is  a  thin  seam  of  coal  ]  foot  thick,  overlaid  by  a  foot  of  slaty  cannel  coal,  and  resting 
on  a  floor  of  black  bituminous  shale.  The  same  band  of  coal  was  readily  discovered  in  other  places,  at  the  base 
of  similar  knobs  in  the  neighbourhood.  No  iron  ore  was  found.  The  coarse  conglomerate  occupies  only  the  very 
highest  knobs.    The  stratification  here  described  belongs  to  nearly  all  the  hills  lying  on  this  creek. 

The  country  around  Elk  Creek  consists  of  Vespertine  rocks.  Hogeland's  Branch  traverses  the  Red  Shales  of 
that  series  throughout  its  whole  course  ;  it  is  a  rapid  stream  descending  by  a  series  of  waterfalls  each  from  20 
to  -iO  feet  in  height. 

The  scenery  at  some  of  these  waterfalls  is  picturesque  in  a  high  degree.  Near  the  top  of  the  hills  around 
the  head  of  Hogeland's  Branch,  we  find  a  stratum  of  poor  bluish  limestone  1  foot  thick,  and  among  the  Red 
Shales,  200  feet  lower  down,  two  others,  belonging  to  the  Vespertine  and  Ponent  alternations.  A  mile  or  two  E. 
of  Hogeland's  Branch  many  loose  pieces  of  the  conglomerate  are  scattered  about  in  large  boulders,  between  the 
head  of  that  stream  and  the  forks  of  Loyalsock.  The  rock  is  valued  by  the  inhabitants  for  making  millstones.  A 
knowledge  of  the  stratum  from  whence  they  are  derived  would  prove  a  guide  in  seeking  for  the  Coal-measures. 
On  the  highest  parts  of  Bennett's  Ridge,  at  the  head  of  Plunkett's  Creek,  it  lies  in  place,  dipping  N.N.W.  4°,  and 
under  it  we  find  a  bed  of  the  TJmbral  Red  Shale. 

It  was  traced  for  several  miles  near  the  heads  of  Pleasant  Stream  and  Plunkett's  Creek.  At  2  or  3  miles 
below  the  head  of  Wallace's  Run,  though  the  ridge  is  very  high,  it  does  not  occur.  Bennett's  Ridge  rims  N.E. 
through  EUtland  township,  S.  of  Pleasant  Stream.    The  ridge  between  Pleasant  Creek  and  Rocky  Run  contains 
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only  the  lower  Vespertine  rocks  :  this  is  about  10  miles  above  Ralston.  Between  5  and  7  miles  E.  of  Ralston  the 
conglomerate  is  well  exposed,  capping  the  hills,  and  forming  an  abrupt  or  sometimes  overhanging  wall  25  or  30 
feet  high,  fuU  of  dark  passages  and  deep  holes.  It  is  not  practicable  to  ascertain  the  existence  of  any  bed  of  iron 
ore  which  may  occur  beneath  this  rock  without  a  considei-able  amount  of  digging.  Approaching  Ealston,  the 
conglomerate  gradually  descends  lower  into  the  hills,  which,  from  the  deepening  of  the  valley  of  the  stream,  have 
an  elevation  of  at  least  1 000  feet  above  its  bed. 

Where  the  Berwick  and  Towanda  turnpike  crosses  the  two  branches  of  the  Loyalsock,  the  land  being  high 
from  the  nearness  of  the  heads  of  the  creeks,  the  upper  formations  are  comparatively  low  in  the  hills.  Thus,  in 
approaching  from  the  N.,  an  exposure  of  Vespertine  sandstones  is  perceived  at  the  foot  of  Sugar  Hill,  which  dips 
S.  20°  E.  The  hill  is  estimated  to  be  350  or  400  feet  in  height,  and  is  capped  by  Umbral  Red  Shales.  A  level 
upon  the  summit,  of  a  mile  in  breadth,  brings  us  to  Shinersville,  where  the  Serai  conglomerate  makes  its  appear- 
ance in  a  little  bench,  but  is  much  better  developed  on  the  S.  side  of  Birch  Creek,  5  miles  E.  of  Laporte.  At 
the  foot  of  this  bench  near  Shinersville,  bog-ore  is  seen  issuing  from  under  it,  at  the  oiitcrop  of  the  Vespertine 
Red  Shales.  The  Serai  conglomerate  is  here  from  60  to  80  feet  thick.  Over  it,  in  the  hill  upon  the  S.  side  of 
Birch  Creek,  openings  were  once  made  in  slate,  with  a  covering  of  coarse  grey  sandstone  10  or  15  feet  thick.  No 
rock  overlies  this  upon  the  dead  level  of  a  mile  hence  to  the  descent  of  the  road  into  the  valley  of  the  main 
Loyalsock. 

These  openings  revealed  the  presence  of  a  coal-bed,  but  not  its  thickness.  Within  the  Serai  conglomerate 
is  a  thin  bed  of  coal.  Upon  the  main  Loyalsock  a  N.N.W.  dip  begins  to  be  seen,  and  from  under  the  Serai 
conglomerate  issue  other  ferruginous  streams,  depositing  bog-ore  along  the  outcrop  of  the  Vespertine  Red  Shales, 
not  more  than  50  feet  above  the  water  in  the  Creek.  Descending  the  Creek  7  or  8  miles  from  the  turnpike 
crossing,  a  bed  of  conglomerate  is  found  in  the  bed  of  the  stream. 

Ascending  the  creek  an  equal  distance,  openings  occur  upon  the  same  coal-bed,  from  which  many  tons  of 
coal  have  been  conveyed  ;  but  its  true  thickness  we  have  not  ascertained. 

The  hills  between  the  forks  of  the  Loyalsock  seem  wholly  to  consist  of  Vespertine  sandstones,  though  here 
and  there  a  small  patch  of  conglomerate  is  visible  upon  the  summit.  There  is  said  to  be  a  coal-bed  upon  the  S. 
side  of  Sugar  Hill,  on  the  main  Loyalsock,  2  miles  above  the  forks,  the  thickness  of  which,  beneath  the  conglo- 
merate, is  from  8  to  1 0  inches.    This  corresponds  with  the  1  foot  of  coal  fig-ured  in  the  Section. 

The  meagre  sections  of  the  coal  series,  as  developed  in  this  shallow  outlying  basin  of  the  great  coal-field, 
will  be  as  in  column.  At  the  bend  of  the  Loyalsock,  5  miles  above  the  mouth  of  Plunkett's 
Creek,  is  Hillsborough,  consisting,  at  the  time  the  survey  was  made,  of  one  house,  and  a  clear- 
ing in  a  broad  valley.  Here,  on  the  S.  side  of  the  creek.  Vespertine  sandstones  are  exposed, 
dipping  S.E.,  and  resting  immediately  on  the  Ponent  Red  strata  at  the  water's  edge.  70  or 
80  feet  of  Ponent  rocks  are  exposed  above  the  water,  2^-  miles  farther  down.  Between  the 
E.  fork  of  Plunkett's  Creek  and  the  Loyalsock,  is  a  hill  composed  of  Vespertine  sandstone, 
loose  pieces  of  Serai  conglomerate  lying  scattered  over  its  surface.  The  S.  dip  on  the  forks 
of  Plunkett's  Creek  is  from  35°  to  40°.  The  North  Branch  falls  in  three-fourths  of  a  mile,  full  Fig.  333.— Loyalsock. 
500  feet  from  the  head  of  "  the  falls,"  downward  ;  the  rest  of  its  descent  to  the  Loyalsock  is 
quite  gentle.  Near  the  falls,  a  hill,  300  feet  high,  is  composed  entirely  of  Ponent  rocks,  the  strata  of  the  Vespertine 
series,  having  but  a  few  fragments  upon  its  surface.  A  hill  at  the  mouth  of  Plunkett's  Creek  was  examined, 
where  we  were  told  coal  existed.  Ponent  rocks  were  found  at  the  bottom,  and  Vespertine  rocks  composed  most 
of  the  hill ;  no  signs  of  the  conglomerate  were  found  upon  its  top,  though  it  was  so  high  that  the  whole  valley  of 
the  Vergent  rocks  on  the  N.,  as  far  as  Burnett's  Ridge,  was  visible  from  it,  and  all  the  hiUs  around  were  over- 
topped ])y  it.  On  a  hill  between  it  and  the  North  Branch  of  Plunkett's  Creek,  pieces  of  the  conglomerate  were 
observed  scattered  about. 

There  are  few  localities  upon  the  mountains  and  hills  of  the  Loyalsock  where  coal  is  to  be  found.  There  is 
a  small  bed  under  the  conglomerate,  as  will  be  found  to  obtain  elsewhere  in  the  N.  basins  ;  there  is  but  one  other 
coal-bed,  and  that  one,  over  the  conglomerate,  not  great  in  its  thickness,  more  limited  in  extent  than  the  conglo- 
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Fig.  335.— Lyco- 
ming Creek. 


merate  itself,  and  found  principally  between  the  Loyalsock  and  Birch  Creek.  Coal  is  said  to  be  found  at  the 
head  of  the  Mahoopeny  Creek  far  to  the  E.  of  this. 

We  are  informed  that  a  bed  of  coal  has  been  found  on  the  Loyalsock  Creek,  5  miles  S.S.E.  of  Dushore,  in 
Sullivan  County;  the  bed  is  3  feet  thick,  but  contains  only  18  inches  of  coal. 

On  the  Lee  or  Dutch  settlements  there  is  a  coal-bed  proved  on  a  tributary  of  the  Loyalsock  :  it  is  3  feet 
3  inches  thick,  and  contains  only  1  inch  of  slate.  The  seam  is  covered  by  conglomerate  of  Nut  size.  It  may 
possibly  be  identical  with  the  Towanda  Bed. 

From  the  same  authority  we  learn  that  recent  explorations  for  copper  have  been  made  at  Jonestown,  6 
miles  S.W.  of  Laporte  ;  also  half  a  mile  W.  of  the  South  Branch  of  the  Towanda  Creek,  on  Albany  township,  Brad- 
ford County.  In  the  latter  case  the  ore  is  said  to  consist  of  several  varieties,  and  is  interspersed  within  a  band 
of  shale  about  3  feet  thick.    It  has  been  mined  to  a  small  extent. 

Passing  to  the  W.  side  of  the  valley  of  the  Lycoming  Creek,  coal  is  first  opened  upon  the 
high  summit  of  the  Alleghany,  to  the  left,  as  we  ascend  the  gorge  of  Hogeland's  Eun  by  the 
road  to  the  Coganhouse  Settlement  (see  Fig.  334). 

Coal,  4  feet ;  Fire-clay,  2  feet ;  Coal,  Ih  feet ;  roof  sandstone. 

This  corresponds  very  accurately  with  the  measurements  of  a  bed  said  to  have  been  lately 
opened  at  a  place  6  miles  E.  of  HuUman's  Naii-Factory — which  latter  is  11  miles  above 
Williamsport,  on  the  Lycoming  (see  Fig.  335).    This  is  said  to  read, — 
Coal,  4  feet ;  Fire-clay,  li  feet;  Coal,  2^  feet. 
The  seam,  in  both  instances,  is  probably  the  Tionesta  Coal,  and  coiTcsponds  (say  the 
miners)  with  the  sandstone-roof  seam  of  the  Tangascootac  mines. 
Coal  was  discovered  and  opened  about  18  mUes  from  Williamsport,  on  the  old  State  Road,  between  New- 
bury and  Wellsborough.  Near  the  base  of  the  mountain  were  found  loose  pieces  of  slaty  sand- 
stone characteristic  of  the  Vespertine  series.    Above  these  rocks,  which  have  a  perpendicular 
thickness  of  about  700  feet,  the  ridge  assimies  a  more  gentle  slope,  and  the  soil  presents 
evidence  of  being  derived  from  the  Vespertine  Red  Shales.    This  Red  Shale  is  probably  not 
more  than  30  or  40  feet  in  thickness.    It  is  occasionally  very  ponderous  and  highly  ferrugin- 
ous, and  shows  indications  of  a  bed  of  valuable  iron-ore,  probably  identical  with  one  dis- 
covered in  other  places.    Indeed,  ore  is  said  to  have  been  found  here.    Overlying  the  Red 
Shale  occurs  the  conglomerate,  and  loose  pieces  of  other  portions  of  the  Serai  conglomerate. 
Its  aspect  is  that  of  a  white  siHcious  sandstone,  imbedding  small  and  scattered  pebbles  of 
white  quartz.    It  is  nowhere  visible  in  place,  and  is  probably  about  75  feet  thick.    Above  it 
occur  no  rocks  in  place.    The  following  section  exhibits  the  order  of  things  from  the  top  of 
the  highest  bench  on  the  mountain  down  to  the  conglomerate  : — 

Coarse  micaceous  sandstone  containing  many  vegetable  organic  remains.  Fire-clay,  5 
inches  ;  Coal,  5  inches  ;  Clay,  1  foot ;  Coal,  3  feet  2  inches ;  Shale,  4  inches  ;  Coal,  20  inches  ;  Clay,  3  inches ;  Coal, 
9  inches.  Fire-clay,  6  feet ;  Fire-clay,  with  fucoides.  Coal,  1  foot ;  Shale,  4  inches ;  Coal,  1  foot  j  Shale,  28 
inches  ;  Coal,  15  inches  ;  Shale,  1  inch  ;  Coal,  11  inches.  Black  Slate,  containing  Fucoides,  Sigillaria,  and  Equisetacea. 
Brown  sandstone  ;  Serai  conglomerate.    (See  Section,  fig.  33G.) 

This  section  is  compiled  from  the  measurements  in  several  adjacent  shafts,  in  which  the  quality  and  thick- 
ness are  not  everywhere  strictly  the  same.  The  main  or  upper  coal-seam  extends  for  more  than  a  mile  along  a 
bench  or  terrace,  which,  however,  is  narrow,  the  ground  sloping  rapidly  away  on  both  sides  down  to  the  conglome- 
rate. Its  course  is  rather  irregularly  N.  for  nearly  a  mile,  when  it  tm-ns  E.,  and  gradually  falls  away  towards  Hoge- 
land's Run.  The  S.  dip  of  the  Coal-measures  soon  causes  aU  the  coal  to  disappear  as  we  advance  to  the  N.,  the 
Umbral  Red  Shale  coming  to  the  surface  and  marking  the  limit  of  the  basin.  Beyond  these  rise  the  Vespertine 
sandstones,  succeeded  by  the  Ponent  Red  Shales  and  sandstones,  the  latter  constituting  the  principal  part  of  the 
hUl  S.  of  Larry's  Creek,  and  the  whole  of  those  lying  N.  of  it,  in  the  tract  of  country  known  as  the  Cogenhouse 
Settlement.    Excavations  were  made  amono;  the  Umbral  Red  Shales  N.  of  the  coal,  in  search  of  the  iron  ore  which 
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often  occurs  in  this  stratum.  The  shale  in  some  places  is  exceedingly  heavy,  containing  much  oxide  of  iron  ;  its 
colour  is  similar  to  that  of  some  ores  found  in  the  formation,  and  might  readily  deceive  an  observer  into  the 
belief  of  its  being  a  productive  iron-ore.  Further  explorations,  hovpever,  w^ill  probably  result  in  the  development 
of  such  in  this  vicinity. 

Eastward  of  Hogeland's  Run,  on  Bope's  Mountain,  fair  indications  of  the  Coal-measures  exist,  some  pieces 
of  the  conglomerate  being  observed  on  the  highest  knobs,  in  a  situation  indicating  the  possibility  of  coal  near 
the  summits. 

Towards  the  W.,  the  mountain  faUs  away  to  a  branch  of  Larry's  Creek,  called  the  Roaring  Branch,  beyond 
which  it  rises  again  to  about  the  same  elevation,  presenting  a  flat  area  of  more  than  a  mile  square  on  its  summit. 
The  conglomerate  rock  seems  to  lie  about  40  feet  below  the  highest  part  of  the  hill,  the  outline  of  which  is 
such  as  to  imply  the  existence  of  the  Coal-measures.  Further  W.,  the  hills  continue  of  nearly  the  same 
height,  but  examinations  carried  on  in  that  quarter,  about  the  sources  of  the  Western  Branch  of  Larry's  Creek, 
did  not  result  in  the  discovery  of  any  coal.  Coal  will,  no  doubt,  be  found  in  insulated  patches  along  the  summit 
of  the  moxmtain  forming  the  N.  limit  of  the  little  valley  of  Tombs'  Run.  Certainly  the  coal-bed  underneath 
the  conglomerate  must  exist  there,  although  of  too  insignificant  a  thickness  to  make  a  return  worth  its 
working. 

Explorations  to  some  extent  were  made,  several  years  ago,  for  coal  on  some  of  these  hills,  but  all  the 
shafts  were  dug  in  the  strata  below  the  Coal-measures,  and  the  highest  ground  lying  in  the  centre  of  the  trough 
was  entirely  neglected. 

The  Geological  Map  will  show  the  range  of  the  basin  from  Hogeland's  Run,  across  the  sources  of  the 
different  tributaries  of  Larry's  Creek,  and  thence  across  Pine  Creek,  near  the  mouth  of  the  First  Fork ;  and 
a  reference  to  General  Section  No.  VII.  will  show  the  general  position  of  the  coal  if  jDresent,  as  well  as  the  anti- 
clinal structure  of  the  little  vaUey  of  Tombs'  Run,  with  its  wide  and  "gentle  axis,  and  the  sjmclinal  remnant  of 
the  Alleghany  escarpment,  left  upon  its  S.  side,  and  called  Short  Mountain.  This  being  composed  wholly  of 
Ponent  and  Vespertine  sandstones,  is  of  com*se  not  elevated  enough  to  have  the  coal,  or  even  the  Serai 
conglomerate,  upon  its  summit. 

In  the  high  tongue  of  land  between  the  First  Fork  and  Big  Pine  Creek,  the  hills  have  considerable  eleva- 
tion. Near  the  level  of  the  stream  the  Ponent  sandstones  just  make  their  appearance,  being  immediately 
succeeded  by  the  Vespertine,  which  occupy  between  800  and  900  feet  of  the  hills.  Above  this  the  .slopes 
become  more  gentle,  the  soil  indicating  the  presence  of  the  Red  Shale.  Here  a  bench  in  the  side  of  the  hill 
occurs,  containing  a  white  sandstone,  referable  to  the  Serai  conglomerate.  The  rock  is  without  pebbles,  being 
a  remarkably  white  and  pure  sandstone,  readily  disintegrating,  and  furnishing  a  sand  that  would  be  well  adapted 
for  the  manufacture  of  glass.  To  this  succeeds  another  band  of  Red  Shale,  and  in  a  high  knoll  we  find  another 
white  sandstone  similar  to  that  just  mentioned,  above  which  are  beds  of  olive-coloured  slates  and  argillaceous 
sandstones,  holding  nearly  the  position  of  the  lower  seam  of  coal,  the  existence  of  which,  however,  is  not 
indicated.  The  lands  occupying  the  head  of  the  North  Branch  of  Ramsay's  Run,  being  near  the  centre  of  this 
basin,  are  the  most  certain  to  reward  research  for  coal.  Excavations  have  been  made  a  httle  above  the  mouth 
of  the  First  Fork,  in  layers  of  coaly  matter,  by  persons  not  familiar  with  the  stratification  of  the  region  in  a 
position  below  the  rocks.  The  quantity  of  dark  slate,  similar  to  that  of  the  Coal-measures,  is  considerable, 
and  it  is  said  that  a  coal-seam,  8  inches  'thick,  was  found.  The  exploration  was,  however,  abandoned ;  and 
this  will  always  be  the  case  when  the  search  for  coal  is  undertaken  so  far  down  the  series. 


CHAPTER  II. 

SECOND  BITUMINOUS  COAL -BASIN,  WESTWARD  TO  PINE  CREEK. 

The  second  great  axis,  passing  E.  from  Pine  Creek,  at  the  mouth  of  Slate  Creek,  keeps  a  distance  of  4 
miles  N.  of  Ralston  and  the  head  of  Lycoming  Creek,  bending  with  the  latter,  E.  20°  N. 
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It  crosses  the  Towanda  Creek  first  3J  miles  S.  of  Canton  Comers,  then  a  second  time,  by  bending  a  little 
to  the  N.,  4  mOes  E.  of  Canton  Comers.  It  then  keeps  in  the  hills,  rimning  from  1  to  4  miles  from  the  Creek, 
crosses  the  head  of  the  bend  in  the  Susquehanna,  where  Wysox  Creek  and  the  Middle  Branch  of  Wyalusing 
Creek  enter  it,  3  miles  above  its  union  with  the  East  Branch. 

The  mountain  plateau  of  the  second  basin  is  split  nearly  from  one  end  to  the  other  by  the  Schroeder  Branch, 
or  Middle  Branch  of  Towanda  Creek,  usually  called  by  the  people  of  Towanda,  Canton  Creek,  which,  having  its 
som-ces  on  this  broad  plateau  near  those  of  Stony  Run,  a  tributary  of  the  Lycoming,  runs  away  N.  30°  E., 
dividing  the  mountain  mass  into  two  ridges  :  the  one  on  the  S.  is  called  Burnett's  Ridge,  the  other  is  enclosed 
between  it  and  the  Towanda  Creek. 

Standing  on  the  Berwick  Turnpike,  where  it  crosses  the  high  ridge  between  the  two  Loyalsocks,  and  looking 
N.,  we  see  the  line  of  Burnett's  Ridge,  broken  only  by  a  few  little  ravines,  where  the  head-runs  of  the  Loyalsock 
Creek  come  down,  ranging  W.  from  a  point  on  the  turnpike,  7  miles  S.  of  Monroe  Corners,  passing  the  head- 
waters of  Elk  Creek,  Hogeland  Tract,  and  joining  the  main  mountain-land  between  Plimkett's  Creek,  which 
descends  from  it  on  the  S.  and  Pleasant  Stream,  which  originates  on  this  ridge  and  flows  thence  towards 
Ralston. 

The  N.  division  of  this  mountain-range  begins  at  the  Lycoming,  above  Ralston.  Its  N.  base  runs  along 
the  S.  side  of  the  Lycoming  Creek  to  its  head,  then  in  a  straight  line  to  the  Towanda  Creek,  a  few  miles  below 
Canton  Corners,  and  bending  gradually  round,  to  suit  the  course  of  the  Creek,  ends  at  the  mouth  of  the  Schroeder's 
Branch.  This  will  best  be  seen  by  reference  to  the  Map.  E.  of  the  South  Branch,  it  continues  into  French- 
town  Bend,  and  as  far  down  as  opposite  Wyalusing  Creek.  But  all  the  E.  portion  of  this  is  nothiug  but  low 
hills  of  Cadent  and  Vergent,  capped  by  Ponent  and  Vespertine  strata.  Thus  we  see  that  the  mountain-range  of 
the  first  basin  runs  on  to  the  Susquehanna  ;  while  the  similar  ridge  ia  the  second  basin  hardly  reaches  the  river, 
although  this  is  here  flowing  much  towards  the  W. 

Another  circumstance  should  be  noticed.    In  both  these  instances  the  axis  on  the  N.  of  each  ridge  seems 

to  lie  just  at  its  foot,  while  that  on  the  S.  lies  far 
off — efi'ects  occasioned  by  the  imequal  slope  of  the 
two  sides  of  each  axis. 

Coal. — The  E.  termination  of  the  coal  is 
upon  the  mountain  between  the  South  Branch 
and  Carbon  Creek  ;  the  W.  does  not  probably  pass 
W.  of  the  township  line  of  Eranklin.    Loose  blocks  of  conglomerate  ai-e  occasionally  met  with  W.  of  that  line, 
on  the  top  of  the  mountain. 

The  following  is  a  section  of  the  measures  at  Fall  Creek  : — 

Coal,  0  ;  Sandstone,  25  feet ;  Pea- conglomerate,  4  feet ;  Grey  and  Yellowish  Sandstone 
(some  layers  coarse  and  somewhat  pebbly,  some  with  coal  and  charcoal),  50  feet ;  Slate,  with 
fern  impressions,  2  feet ;  Coal,  3  feet ;  Shale,  with  Sigillaria,  1  foot ;  White  sandstone,  with 
coaly  matter,  and  impressions,  3  feet ;  Black  slate  and  coal,  6  inches ;  White  sandstone, 
somewhat  pebbly,  with  coaly  matter,  14  feet;  Ferruginous  bluish  and  red  shitle  (position  of 
upper  ore-bed),  14  feet;  Yellowish-grey  fine-grained  argillaceous  sandstone,  50  feet ;  Ferru- 
ginous shale,  and  massive  mottled  grey  conci'etionary  iron-ore,  3  feet  6  inches  to  4  feet ; 
Yellowish-grey  fine-grained  argillaceous  sandstone,  80  feet;  Red  shale,  18  to  20  feet;  Sand- 
stone, 0. 

The  upper  or  main  bed  has  been  opened  and  worked  at  Mason's  Old  Mine,  4 
miles  above  the  mouth  of  Carbon  Creek,  and  on  the  mountain  between  it  and  the  Towanda 
Creek,  where  it  was  found  to  measm-e  in  coal  over  4  feet  7  inches ;  and  also  in  several 
places  at  the  old  mines  o  miles  further  W.,  where  it  included,  according  to  Mr  Johnson's 
report,  from  5  to  7  feet  of  coal.  The  following  section  embraces  the  strata  in  the 
descending  order  displayed  on  the  stream  at  Gatiss's  Coal  Mine  : — 


so*  S.  iO"  E. 


Fig.  337.- 


-Section  of  Mountains,  on  sides  of  Schroeder's  Branch,  or  Carbon 
Creek,  Second  Basin. 


Fig.  338.— Fall  Creek. 
1  inch  =  100  feet. 
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Coal,  G  feet;  Fire-clay  and  Sandstone,  20  to  25  feet;  White  Pea-conglomerate  (Serai),  12  feet;  Yellowish 

Sandstone  and  soft  Shale,  50  to  60  feet ;  Shale  and  Sandy  Marl,  IG  feet ;        s  o. 
"^^^^H^  3    Umbral  Sandstone  ? 


_20-25  0 
-.12  0 


Fig.  340.— Miller's. 


°  "f^^^^  Between  2h  and  3  miles  W.  of  the  residence  of  Mr  Gatiss,  the 

Fig.  339.— Towanda  latter  has  opened  a  coal-bed  and  a  deposit  of  iron  ore.  The  coal  is  5 
feet  9  inches  thick,  nearly  without  slate-partings,  and  has  a  sandstone 
^  ^^^^^j  I'O^f  f'lid.  floor  of  fire-clay.  The  fire-clay  is  quite  pure,  and  exceeds  8 
,  c-^^^BSc'io  feet  in  thickness.  The  conglomerate  is  only  12  or  15  feet  below  the 
band  of  fire-clay.  It  is  about  12  feet  thick,  and  is  luiderlaid  by 
yellowish  sandstone  and  soft  shale.  Iron  ore  was  found  over  the  upper 
Red  Shale  and  under  the  Umbral  Sandstone.  It  was  not  fully  opened, 

though  as  much  as  12  feet  of  shale  were  cut  and  found  full  of  balls  of  rough  irregular  con- 
cretionary ore.    It  is  thought  (by  Mr  G.)  to  be  a  real  stratum. 
The  following  are  the  subdivisions  of  the  coal  at  Gatiss's  : — 

Coal,  not  mined,  very  bituminous,  8  to  10  inches ;  Parting,  0  ;  Coal,  2  feet  4  inches ;  Slate, 
9  inches  ;  Coal  (Blacksmith  band),  G  inches  ;  Slate,  4  to  5  inches  ;  Coal  (suitable  for  grate),  1  foot 
8  inches  ;  Slate,  6  inches ;  Coal,  G  inches ;  Fire-clay,  0.  Two  or  three  species  of  Sigillaria  are 
found  in  this  coal. 


Fig.  343.  — Section  W. 
of  Gatiss's,  Towanda 
Basin. — liHch=100j'eel. 


Fig.  341.— Barclay's 
Drift. 


Fig.  342.— Mason's 
Drift. 


A  lower  bed,  which,  as  the  section  shows,  has  been  opened  at  Fall  Creek,  measnres  about  3  feet  of  coal. 
This  bed  is  the  only  one  to  be  found  on  the  mountain  between  Carbon  Creek,  Middle  Branch,  and  South 
Branch.  The  top  of  the  mountain  is  capped  by  the  conglomerate,  which  forms  upon  it,  as  well  as  on  all  the 
other  high  parts  of  the  ridge,  a  bold  white  ledge,  visible  from  a  distance. 

The  conglomerate  here  is  quite  coarse,  often  containing  pebbles  as  large  as  filberts. 

The  iron  ore  mider  the  upper  bed  lies  in  three  bands,  the  upper  of  which  yields  the  best  ore.    This  is  a 
close-grained  carbonate,  very  similar  to  the  ore  of  the  Coal-measui'cs  in  the  Western  counties. 

At  the  upper  limit  of  the  Vespertine  sandstone  series,  we  find  on  Carbon  Creek  and  in  other  localities  a 
comparatively  worthless  stratum  of  red  iron-ore.  This  ore  was  opened  by  Mr  Johnson  on  FaU  Creek,  at  a  level 
of  about  70  feet  lower  than  the  more  valuable  Umbral  ore  which  underlies  the  conglomerate.  Here  it  consisted 
merely  of  silicious  and  argillaceous  materials,  cemented  together  by  oxide  of  iron,  with  some  ore-balls  inter- 
mixed.   At  other  places  it  appears  as  a  very  ferruginous  red  sandstone. 

The  FaUs  of  Carbon  Creek  occupy  apparently  the  very  top  of  the  Ponent  series,  although  alternate  bands  of 
Red  sandstone  appear  still  higher  up  on  the  mountain-side.  Red  shales,  of  a  thickness  exceeding  10  feet  are  seen 
at  the  falls,  covered  by  hard  white  and  grey  sandstone.  The  same  strata  doubtless  form  the  falls  of  the  South 
Branch  of  Towanda,  where  we  also  meet  with  a  stratum  of  conglomeritic  calcareous  Red  sandstone,  4  feet  thick. 

About  50  feet  below  the  coarse  Vespertine  ore  the  stream  dashes  over  a  rocky  ledge  30  feet  high,  and  after 
flowing  a  short  distance,  it  makes  a  second  leap  of  60  feet.  Two  hundred  yards  below  this  the  stream  passes 
over  a  ledge,  composed  for  the  upper  60  feet  of  grey  sandstones  of  the  Vespertine  period,  and  for  the  lower  20  • 
feet  of  red  and  green  Ponent  shales.  Here  the  stream  when  swollen  by  rains  forms  an  imposing  and  beautiful 
cascade.  From  the  level  of  the  lower  ore  the  creek  falls  constantly  and  rapidly  for  three-quarters  of  a  imle, 
when  it  joins  Carbon  Creek  at  a  point  206  feet  above  the  mouth  of  the  Towanda.  The  thickness  of  the 
Vespertine  series  at  this  locality  may  be  estimated  at  about  600  feet. 

Ralston. — The  Ralston  Coal-field  is  only  an  extension  of  that  of  Towanda  Westward  along  the  Second  Basin. 
Ralston  is  situated  at  the  mouth  of  Stony  or  Rocky  Run  on  Lycoming  Creek,  26  miles  above  Willianisport  on 
the  line  of  the  WUliamsport  and  Elmira  Railroad.  The  hills,  which  are  aboiit  1000  feet  high,  contain  at  their 
base  the  red  rocks  lying  at  the  bottom  of  the  Vespertine  sandstone  series,  and  surmounted  by  the  conglomerate 
limestone. 

The  centre  of  the  coal-basin  crosses  Lycoming  Creek,  near  the  mouth  of  Dutchman's  Rmi,  one  mUe  above 
Stony  Run.    The  anticlinal  axis,  forming  the  S.  margin  of  this  basin,  crosses  near  the  mouth  of  Pleasant 
VOL.  II.  3  T 
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Stream,  while  the  other  axis,  bounding  it  on  the  N.,  passes  near  the  mouth  of  Roaring  Creek.  The  Mils, 
including  the  Coal-measures,  occupy  a  range  of  country  E.  and  W.  nearly  10  miles  in  length;  but  the 
coal  is  not  continuous  over  aU  this  extent,  being  interrupted  by  deep  vaUeys  of  denudation.  The  principal 
localities  of  the  coal  are  on  a  branch  of  Stony  Run,  between  that  stream  and  Dutchman's  Run,  on  Red  Run, 
the  other  side  of  Lycoming  Creek,  and  on  Frozen  Run,  near  AstonviUe.  From  Ralston,  a  waggon-road,  at  a 
grade  of  one  foot  of  elevation  to  every  17,  ascends  3  miles  to  the  mines.  The  height  of  the  coal  above  the  creek 
at  Ralston  is  about  875  feet,  while  Ralston  itself  lies  808  feet  above  the  tide. 

The  mines  of  M'^Intyre  and  Robinson  are  situated  on  Stony  Run,  3  miles  from  Ralston.  The  coal-bed 
worked  by  them  varies  from  2|-  to  3  feet  2  inches  in  thickness  ;  the  coal  is  highly  columnar,  and  yields  a 
White-Ash.    Iron  ore  is  fomid  in  the  same  position  as  at  Ralston. 

On  the  road  leading  to  the  mines,  and  below  the  conglomerate,  in  a  bed  of  dark  shale,  there  is  a  valuable  band 
oiiron  ore,  lying  only  4  feet  beneath  the  rock,  from  which  it  is  separated  by  a  layer  of  brown  shale.  It  occurs  in 
irregular  knotty  lumps,  closely  bedded  in  a  soft  reddish  and  white  shale.  It  forms  about  one-half  of  the  stratum, 
and  consists  of  nearly  a  white  crystalline  protocarbonate  of  iron,  somewhat  resembling  a  fine-grained  sandstone. 
This  is  apt  to  be  encrusted  with  the  brown  or  red  oxide.  These  balls  are  very  solid  and  heavy,  becoming  more 
massive  as  we  penetrate  deeper  in  from  the  outcrop.  In  the  other  half  of  the  bed,  which  is  principally  shale,  occur 
scattered  balls  of  the  same  ore,  of  a  blotched  red  and  white  appearance.  This  ore  is  admirably  suited  for  the 
manufacture  of  foundry  iron.    This  is  the  valuable  Umbral  red-shale  ore. 

The  Serai  conglomerate  in  this  region  varies  from  45  to  100  or  more  feet  in  thickness  :  the  top  of  the  rock 
is  marked  by  a  terrace,  gently  receding  from  the  front  of  the  hill  to  an  abrupt  slope,  formed  by  a  bed  of  white 
pebbly  sandstone.  Between  these  two  sandstone  beds  we  find  a  seam  of  rather  slaty  coal,  from  18  to  30  iuches 
thick,  underlaid  by  30  inches  of  slate.  Over  the  sandstone  occm-s  another  bed  of  coal,  several  feet  thick,  but 
not  of  superior  quality,  the  lower  part  of  it  consisting  of  slaty  cannel  coal,  and  the  rest  being  rather  hard.  It 
includes  two  bands  of  slate  :  one  8  inches,  the  other,  near  the  bottom,  3  inches  thick. 

Another  coal-seam,  between  1  and  2  feet  thick,  occurs  from  5  to  7  feet  above  the  former.  It  contains  3 
inches  of  slate  near  the  middle,  but  supplies  an  excellent  coal  for  cooking,  and  is  much  superior  to  the 
seam  beneath  it. 

Above  this  coal  we  find  a  bed  of  shale,  containing  large  nodular  balls  of  iron  ore,  and  a  little  higher  another 
seam  of  coal  one  foot  in  thickness. 

A  complete  section  of  the  strata  in  the  descending  order  at  the  Ralston  Old  INIines,  on  the  3000-acre  tract, 
is  appended  : — 

Thin  bedded  shelly  sandstone,  4  feet;  Shale,  with  ball-ore,  10  feet;  Coal,  1  foot; 
Black  slate  and  shale,  20  feet;  Balls  of  ore,  5  inches;  Slate,  3  feet ;  Sandstone,  1  foot 
G  inches  to  4  feet ;  Coal,  2  feet ;  Fire-clay,  good,  3  feet ;  Strong  slate,  4  feet ;  Coal, 
2  feet  8  inches  ;  Fire-clay  and  sandy  shale,  10  feet ;  Coal,  1  foot  6  inches  ;  Conglomeritic 
sandstone,  millstone  grit,  24  to  30  feet ;  Coal,  1  foot  to  1  foot  3  inches  ;  Clay-slate  and 
shale,  10  feet  ;  Coal,  10  iuches  ;  Shale,  4  feet;  Coal,  8  inches ;  Clay-slate,  3  to  4  feet ; 
Strong  brown  saudstoue,  4  feet ;  Seral  Conglomerate,  7  to  8  feet ;  Slaty  clay,  6  to 
8  inches. 

Umbral. — Ore,  some  places  3  to  4  feet,  here  2  feet ;  Bluish  and  greenish  clay-shale, 
40  feet ;  Thiti  course  of  balls  of  good  ore  in  ground,  1  foot  ;  Clay-shale  and  black  slate, 
10  feet ;  Sandstone,  3  feet;  Hard  micaceous  shelly  sandstone,  7  feet  ;  Hed  ore>-balls,  cold- 
short, in  ground,  2  feet ;  Green  sandstone,  10  to  14  feet ;  Red  shale  or  marl,  40  to  50  feet. 

Crowning  the  highest  part  of  the  hills  occurs  a  bed  of  conglomerate,  60  feet  in 
thickness,  less  coarse  than  the  main  Seral  conglomerate. 

The  dip  of  the  strata  at  the  mines  on  Stony  Run  is  gently  Westward  ;  on  Dutch- 
man's Run  on  the  opposite  side  it  is  towards  the  E.S.E.,  while  a  few  miles  farther  up  the  main  branch  of  Stony 
Run  it  is  toward  the  N.W.  about  4°. 
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Fig.  344.  —  Ralston  Old  Mines. 
1  inch  =  100  feci. 
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A  somewliat  curious  feature  of  this  liill  are  the  swamps  occurring  on  its  very  summit ;  the  largest 
occupying  several  acres,  entirely  destitute  of  timber,  and  containing  a  deposit  of  peat  at  least  15  feet  in  depth. 

On  Eed  Run  the  strata  are  neai-ly  the  same  as  at  Ralston.  Beneath  the  conglomerate,  the  shale  containing 
the  iron  ore  is  34  feet  thick,  and  underneath  that  is  a  sandstone  100  feet,  succeeded  by  another  bed  of  red  shale. 
These  two  red  shales  correspond  with  those  at  Farrandsville,  to  be  hereafter  described,  excepting  that  the  iron 
ore  occurs  at  the  latter  place  in  the  lower  bed. 

On  Dutchman's  Run  a  remarkable  slide  in  the  face  of  the  hill  has  laid  bare 
the  Ponent,  Vespertine,  and  Serai  conglomerate  series. 

The  following  strata  are  displayed  on  the  Raih'oad  between  Astonville  and  the 
mines,  near  Ralston  : — 


Coali  I  4-2  0-^; 


Serai 


Coal-Measures  < 


Umbral  , 


Vespertine. 


Feet. 

In. 

Coarse  sandstone, 

30 

0 

Coal,  ..... 

.   1  ft.  4 

in.— 2 

0 

Fire-clay,  .... 

5 

0 

Coal — 4  inches  of  bony  in  middle. 

2—2 

6 

Fire-clay  and  slate, 

5 

0 

Coarse  and  pebbly  sandstone, 

25 

0 

Coaly  and  bituminous  slate, 

2 

0 

.  Pea-conglomerate  and  sandstone, 

45 

0 

''Blue  and  red  shale, 

2—3 

0 

Iron-ore,  .... 

1—2 

0 

Ball-ore  in  bluish  shale, 

2 

0 

Blue  shale,  &c.. 

30 

0 

Blank,  ..... 

100  ? 

White  conglomerate, 

20 

0 

Grey  and  greenish   coarse  sandstone, 

often  thickly 

bedded,  and  obliquely  laminated,  . 

350 

0 

Red  and  greenish  shales  and  ferruginous  sandstone,  with 

,  Lepidodendron, 

85—90 

0 

j  Greenish  flaggy  sandstone,  with  beds  of  grey  sandstone 
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The  coal  of  the  Astonville  Mines  is  opened  in  several  drifts.  It  is  in  two 
benches — the  lower  about  2  or  2|-  feet ;  the  upper,  from  16  inches  to  2  feet.  The 
fire-clay  between  is  5  feet  thick.  In  the  lower  coal  about  midway  is  a  bony  layer 
of  4  inches.  Two  drifts  have  been  opened  at  an  interval  of  about  300  yards. 
The  coal  is  shot  down  steep  slopes  or  inclined  planes. 

The  ore  is  drifted  on  just  under  the  conglomerate,  which  is  pebbly  in  its 
lower  layers,  but  a  coarse,  heavy-bedded  Pea-conglomerate,  for  nearly  50  feet 
above  this.  The  matrix  of  the  ore  is  a  fine  blmsh  and  red  mottled  argillaceous 
shale.  The  ore  lies  from  4  to  6  feet  below  the  rock.  It  is  a  brown  and  grey 
carbonate  in  a  bed,  not  concretionary,  from  1  to  2  feet  thick,  but  is  now  faulty  and 
thin.  Below  the  stratified  ore,  and  nearly  in  contact  with  it,  is  a  nodular  ore  of  a 
concretionary  form,  and  more  ponderous.  It  also  is  a  grey  and  brown  carbonate. 
These  nodules  are  irregularly  placed  at  intervals  in  the  shale.  Below  the  level  of 
the  Ore-drift  the  rocks  are  concealed  for  about  30  feet ;  but,  from  the  aspect  of  the 
surface,  I  make  no  doubt  this  interval  is  occupied  by  shales.    At  30  feet,  a  drift, 
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mined  for  ore  unsuccessfully,  has  brought  to  light  bluish-grey  argillaceous  shales,  with  some  impressions  of 
Lepidodendron.    These  shales  are  evidently  somewhat  calcareous. 

Just  S.  of  the  locality  of  the  mines  there  is  a  deep  ravine,  in  which  a  brook  descends,  and  which,  on 
account  of  the  amount  of  the  fallen  conglomerate,  shows  no  exposures  except  just  below  the  Bridge,  where  there 
is  a  mass  of  flaggy  Umbral-like  sandstone,  included  in  the  section.  On  the  opposite  or  S.  side  of  the  ra\ine  on 
the  RaUi-oad,  the  first  rocks  to  be  seen  are  immense  blocks  of  a  very  white  Pea-conglomerate,  which  has  the 
appearance  of  dipping  N.,  but  may  be  the  Serai  which  has  slipped  do^ra. 

A  short  distance  S.  of  this,  the  rock  is  undoubtedly  in  place,  and  is  here  a  coarse,  thick-bedded,  light-grey 
sandstone.  The  mass  of  this  is  not  less  than  from  75  to  100  feet,  and  is  succeeded,  further  S.,  by  a  more  greenish 
and  flaggy  rock,  but  stiU  generally  coarse.  Lithologically,  these  rocks  present  more  clearly  the  characteristics  of 
the  Vespertine  Strata  than  any  other,  and  as  such  we  have  chosen  to  regard  them. 

Directly  behind  the  Ralston  House  at  the  foot  of  the  hiU,  a  crumbly  red-shaJe  is  seen  underlying  the 
heavy  cliff*  of  flaggy  grey  and  greenish  sandstone.  J ust  at  the  top  of  this  is  a  peculiar  bluish-grey  breccia, 
apparently  calcareous,  associated  with  an  impure  iron-ore.  This  rock  weathers  very  ragged  and  pitted,  and  is 
doubtless  the  same  as  that  marked  in  the  section  as  in  the  shales  at  the  top  of  the  Ponent. 

As  the  rocks  of  the  Ralston  Hill  dip  N.,  while  those  on  the  RaUroad,  for  some  miles  N.  of  Ralston,  dip  S., 
Ralston  must  be  on  the  S.  side  of  the  synclinal,  which  includes  the  coal  in  the  higher  levels. 

Frozen  Run  enters  Lycoming  Creek  on  the  W.  side  below  Stony  Run. 

There  are  two  furnaces  at  Astonville,  a  small  one  using  charcoal,  which  has  been  in  operation  successfidly, 
and  a  complete  fmuace,  14)  feet  across  the  boshes,  adapted  to  hot-blast.  This  was  chilled  in  the  first  blast,  and 
is  not  now  (1854<)  in  operation.  It  was  to  use  anthracite  mixed  with  the  coal  of  the  bill.  The  ore,  when  roasted, 
looks  grey  and  vitreous.    Three  tons  of  ore  are  required  to  yield  one  ton  of  metal  at  the  charcoal  fuxnace. 

The  strata  in  the  hUl  at  Cartei'sville,  on  the  Lycoming  Creek,  l~i  miles  above  Ralston,  are  as  follows  : — 

Coal,  .... 
Blank,  said  to  contain  kidney  ore,  . 
;i„,^^  Coal — slaty,  and  not  mined, 

Ore 

Slate  and  sandstone, 
Coal — in  one  bench  good,  . 
Slate,  .... 
Coal — good,  and  harder  than  the  above. 
Slates,  passing  into  slaty  sandstone, 
/  Sandstone,  becoming  pebbly, 
\  Pea-conglomerate,  thick-bedded, 
Bluish  and  red  shale, 
Shaly  ore,  .... 
Red  and  blue  mottled  shales,  about 

Coarse  greenish-grey,  somewhat  pebbly  micaceous  sandstone,  ob 

liquely  bedded,  and  containing  vegetable  impressions. 
Blank,  ..... 
Coarse  white  sandstone,  lower  beds  pebbly, 
Blank,       .  .  .  .  • 

Umeral.  <^  Coarse  sandstone— thin-bedded  impressions. 
Bluish  flaggy  sandstone, 
Conglomeritic  sandstone,  . 
Blank,  ..... 

Bluish  and  olive  micaceous  flaggy  sandstone  (seen  at  quarry)— some 

beds  argillaceous,  abounding  in  vegetable  impressions. 
Blank,  containing  a  few  beds  of  micaceous  sandstone, 
This  brino-s  us  to  the  base  of  the  cliff ;  below  this  red  shale,  and  a 
^      mass  of  shaly  gravel  intervenes  to  base  of  Umbral— about 
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There  can  be  little  doubt  that  the  two  lower  seams  at  CartersviUe  are  identical  with  those  worked  together 
in  the  cMfts  of  the  Ralston  Hill — the  interval  in  the  latter  place  having  diminished.  On  the  highest  part  of  the 
Ralston  Hill,  the  upper  or  five-feet  seam  of  CartersviUe  is  said  to  have  been  found.  At  CartersviUe  there  is  a 
seven-inch  coal  over  the  highest  noted  in  our  section.  At  the  latter  locality,  ore  Uke  that  at  Ralston  is  found, 
about  80  feet  beneath  the  lowest  coal.  It  lies  in  red  and  purple  olive  mottled  shales,  and  in  general  is  more  argilla- 
ceous than  at  the  AstonvUle  opening,  though  some  masses  are  soUd,  containing  white  and  brownish  carbonate  of 
iron.  Its  thickness  varies  from  1  foot  to  2  feet  6  inches.  There  are  two  openings  upon  the  bed,  entering  W.  by  N. 
The  more  S.  of  these  has  been  driven  but  a  few  yards.  The  ore  jiroved  more  shaly  and  impure  than  that  of 
the  other  opening ;  the  nodules  are  often  crumbly  shale,  bluish  and  mottled  purple,  charged  throughout  with 
carbonate  of  iron.    The  average  thickness  of  the  bed  in  the  two  drifts  is  about  18  inches. 

The  furnace  at  CartersviUe  is  a  very  solid  structure  of  the  Umbral  Sandstone  of  the  quarry ;  it  measures 
12  feet  in  the  boshes. 

The  Vespertine  Rocks  between  Ralston  and  CartersvUle  dip  very  gently  W.  by  N. 

On  the  railroad  between  Ralston  and  Canton  there  are,  by  estimation,  from  550  to  600  feet  of  Ponent 
sandstones  and  shales  visible  ;  passing  these,  olive  and  reddish  shales  and  flags  may  be  seen 
to  the  thickness  of  120  feet,  full  of  Fucoids,  then  50  feet  of  heavy-bedded  greenish  sandstone, 
foUowed  by  reddish  sandstone  50  feet  thick,  after  which  the  road  passes  tln-ough  75  feet  of  red 
shales  and  greenish  sandstones,  and  then  olive  and  red  sandy  slate. 

Near  Alba,  oUve  shales  of  the  Vergent  are  seen  dipping  N.  Between  Alba  and  Troy,  and  f^;,  347_  _  seiiaid": 
at  the  latter  place,  are  North-dipping  red  shales  and  sandstones  of  the  Ponent  and  Vespertine   Br^n^^"  of°To°wanda 

series  Creek,  2  miles  S.  of 

Canton. — liJic/i=40 

Returning  S.,  and  crossing  Laurel  HUL,by  the  road  up  Trout  Run,  a  N.  dip  is  observed 
on  the  S.  side  of  the  stream,  and  a  S.  dip  on  the  N.  side,  indicating  this  as  the  position  of  the  syncUnal  axis  of 
the  Coal-basin.  Ascending  the  hill,  we  have  indications  of  the  presence  of  Ponent  rocks,  for  an  elevation  of 
from  300  to  400  feet.  Thi's  is  siicceeded  by  Vespertine  strata,  on  the  upper  side  of  which  we  find  two  bands 
of  the  Umbral  red  shale.  Iron  ore,  in  loose  pieces,  was  found  near  the  uj^per  of  these  beds  of  red  shale,  and 
not  far  from  the  summit  of  the  hiU,  which  is  sm-mounted  by  coarse  white  sandstone  and  Serai  conglomerate. 
Above  this  last  rock,  one  of  the  lower  beds  of  coal  may  possibly  exist,  where  the  knobs  rise  to  a  sufficient  height 
from  this  level.  There  can  be  Uttle  doubt  that  the  red  shale  below  the  conglomerate  includes  a  band  of  iron  ore 
similar  to  that  found  at  Ralston. 

The  country  S.  of  Laurel  HUl  is  extremely  rough,  being  covered  by  the  Umbral  and  Serai  series ;  but 
that  N.  of  the  hUl  is  more  gently  undulating,  Ponent  strata  alone  capping  the  hiUs,  and  producing  a  soU 
fit  for  farming.  The  N.  anticlinal  axis  of  the  Ralston  Basin  crosses  the  road  a  little  S.  of  the  county  Une, 
while  the  S.  axis  passes  near  the  head  of  Trout  Run. 

The  next  place  in  our  progress  W.,  where  this  basin  contains  coal,  is  on  the  First  Fork  of  Pine  Creek.  Heavy 
masses  of  conglomerate  strew  the  flats  along  the  First  Fork,  about  3  mUes  from  the  mouth  of  Bear  Run,  which 
heads  near  Larry's  Creek.  We  no  longer  find  the  Ponent  Rocks  above  the  streams,  but  they  rise  to  theii-  level 
near  the  Block-House  Fork,  and  a  Httle  below  the  old  English  mUls.  The  hUls  are  between  700  and  800  feet 
high,  containing  about  100  feet  of  the  conglomerate,  suppoi-ting  100  feet  more  of  higher  strata.  On  a  stream 
known  as  Three-mUe  or  Porcupine  Run,  opposite  Wolf  Run,  the  conglomerate,  and  above  it  the  brown  sand- 
stone, are  weU  exposed.  Between  them  no  bed  of  coal  was  discovered ;  but  above  the  sandstone  a  coal-seam 
was  found  consisting  of  two  bands,  each  about  1  foot  thick,  separated  by  a  layer  of  hard  shale.  The  lower 
band  in  this  seam  is  a  beautiful  black  shining  coal.  Below  it  Ues  a  bed  of  hard  blue  shale.  Much  search  was 
made  for  iron  ore,  but  without  success.  Whether  other  beds  of  coal  exist  in  this  neighbourhood  is  uncertain, 
but  the  country  seems  well  deserving  of  further  investigation.  The  conglomerate  caps  the  hUls  on  both  sides  of 
the  fork,  a  little  distance  N.  and  S.  from  the  spot  where  the  coal  was  found.  On  the  E.  side  of  the  fork,  and  on 
the  Block- House  Branch,  the  indications  of  coal  are  less  promising  than  on  the  W.  side.  An  imsuccessful  search 
was  made  for  the  iron  ore  of  the  Umbral  Red  Shale.    A  ferruginous  band  in  the  red  shale,  about  150  feet  beneatli 
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the  conglomerate,  implies  that  ore  might  be  found  here  if  an  adequately  minute  exiiloration  were  made,  assisted 
by  proper  diggings.  Specimens,  seemingly  of  good  quality,  were  found  sticking  in  the  uptui-ned  roots  of  trees 
between  Porcupine  Run  and  the  old  English  mills. 

About  the  time  these  discoveries  on  the  First  Fork  of  Pine  Creek  were  made,  a  person  seeking  for  limestone 
on  a  wild  tract  a  few  miles  to  the  W.,  stumbled  upon  a  bed  of  coal ;  a  continuation,  perhaps,  of  the  seam  above 
described.  In  tracing  the  basin  in  that  dii-ection,  other  beds  were  discovered  and  opened,  to  which  I  shall  now 
refer.  The  localities  are  at  the  sources  of  Otter,  Day's,  and  English's  Euns,  which  empty  into  the  First  Fork,  and 
of  Trout  Eun,  which  empties  into  Big  Pine  Creek,  below  the  Second  Fork.  The  surface  is  gently  rolling,  but 
very  elevated  ;  the  obscmity  of  the  exposures,  and  a  considerable  amount  of  dip  in  the  strata,  cause  the  tracing 
of  the  coal  in  this  neighbourhood  to  be  rather  difficult,  as  a  section  made  across  the  basin  here  would  show. 

On  the  very  highest  lands  to  the  N.  and  N.W.,  the  serai  conglomerate  either  caps  the  summits  or  leaves 
very  little  room  for  the  "  brown  rock  "  which  overlies  it.  A  dip  to  the  S.  carries  down  these  rocks,  and  soon 
brings  in  the  coal  at  a  level  considerably  below  the  tops  of  the  hills ;  but  the  ground  continuing  to  slope  also  to 
the  S.  and  E.,  it  becomes  difficiilt  to  determme  how  far  the  coal  extends  in  those  directions.  About  3  miles  N. 
on  the  road  towards  Babb's,  the  hill  suddenly  falls  off  about  200  feet,  exposing  the  lower  band  of  the  Umbral, 
and  the  upper  part  of  the  Vespertine  Eocks,  brought  to  this  elevation  by  the  S.  dip.  Still  farther  North,  the 
level  of  the  country  is  much  lower.  Where  the  road  crosses  Otter  Eun,  the  "  brown  rock  "  above  the  conglomerate 
just  rises  to  the  surface,  forming  the  lower  part  of  the  bank  ;  above  this  is  the  lowest  coal-seam,  which  is  2  feet 
6  inches  thick,  containing  a  thin  band  of  fire-clay,  and  underlaid  by  another  bed  of  fire-clay  2  feet  thick.  The 
outcrop  of  another  coal-seam  shows  itself  a  little  higher  up  in  the  same  digging.  The  fire-clay  mentioned  is 
of  good  quality,  suitable  for  the  manufactm-e  of  fire-bricks.  Another  coal-bed  was  found,  25  feet  above  the 
last,  in  a  neighbouring  bench  in  the  hiU.  It  was  opened  too  neai;  the  siu-face  for  us  to  ascertain  its  quality  ; 
its  thickness  is  3  feet  8  inches,  including  2  inches  of  slate.  Below  it  lies  a  bed  of  fire-clay,  similar  to  that  of 
the  Middle  Coal-seam.  The  extent  of  this  upper  bed  cannot  be  great,  but  the  other  beds  probably  underlie 
50  or  more  acres  of  surface. 

Tracing  the  conglomerate  towards  the  N.,  it  appears  near  the  top  as  a  coai-se  pebbly  rock,  and  lower  down 
as  a  reddish  brown  sandstone.  The  thickness  of  the  whole  stratum  is  about  150  feet.  On  the  N.  slope  of  the 
hUl  towards  the  old  English  settlement,  the  Umbral  shales  appear.  About  200  feet  lower  down  the  soil  indicates 
the  lower  red-shale  bed,  and  here  possibly  the  iron  ore  may  exist.  The  hills  N.W.  of  the  coal-openings  rise 
more  suddenly,  and  contain  the  conglomerate.  How  much  farther  the  Coal-measures  extend  towards  the  S. 
and  E.  can  only  be  ascertained  by  systematic  diggings  and  accurate  measurement  beyond  the  resources  of  the 
survey.  At  some  places  in  those  directions  the  elevation  seems  to  be  as  great  as  at  the  coal,  but  a  change  of  dip 
must  occur  before  we  proceed  far  in  that  com-se.  The  brown  sandstone  is  exposed  below  the  coal  on  Otter 
Emi. 

Coal  may  hereafter  be  found  at  other  points  on  these  high  lands  between  the  Fii-st  Fork  and  Big  Pine  Creek, 
but  it  cannot  occupy  much  extent  of  surftice.    It  may  be  worth  the  attention  of  the  owTiers  of  lands  lying  at  the 
head  of  the  S.W.  Branch  of  Otter  Run,  or  about  5  miles  from  Callahan's,  to  excavate  for  coal,  as  the  appearances 
there  are  indicative  of  the  Coal-measures,  and  the  conglomerate  does  not  reach  to  the  highest 
summits  of  the  country.    Examinations  were  made  there,  both  for  the  coal  and  the  iron  ore 
of  the  Umbral  series.    A  pit  dug  in  the  red  shale  about  12  feet,  did  not,  however,  bring  either 
^  0  substance  to  light ;  but  it  is  probable  that,  if  the  ore  exists  at  all  in  this  neighbom-hood,  it 
is  chiefly  in  the  lower  bed  of  red  shale,  for  we  subsequently  found  it  there  on  the  W.  side  of 
Rui^T^""'  ^   Pine  Creek,  nearly  opposite  Callahan's.    At  this  spot  it  is  not,  however,  well  exposed,  being 
only  about  6  inches  thick,  and  composed  of  hollow  elliptical  nodules,  containing  sometimes 
an  undecomposed  blue  centre. 

Tome's  Creek  enters  Pine  Creek  on  its  W.  side,  heading  near  the  corner  of  Lycoming  County.  The  anti- 
clinal axis  N.  of  the  Coal-basin  we  have  been  describing  crosses  the  main  creek  just  above  their  jmiction. 
Ascending  the  mountain  by  a  road  crossing  over  to  the  Coudersport  Road,  the  Ponent  rocks  show  themselves  for 
the  first  two-thirds  of  the  way  up.    Near  the  top  of  the  formation  we  meet  with  two  beds  of  theblue  calcareous 
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conglomerate,  and  another  about  100  feet  higher  up,  among  the  lower  beds  of  the  Vespertine  series,  which  con- 
tinues for  100  feet  more.  Above  this  we  find  a  bed  of  iron  ore  in  the  Umbral  shales,  at  one  time  dug  in  several 
places  :  it  varies  in  thickness  from  2  to  3  feet.  From  the  iron  ore  to  the  top  of  the  hill — a  vertical  space  of 
40  feet — the  rock  is  the  white  Serai  conglomeritic  sandstone,  presenting  at  the  summit  may  pebbles. 


CHAPTER  III. 

THE  THIRD  COAL- BASIN  WESTWARD  TO  PINE  CREEK. 

The  next  Coal-basin  towards  the  N.,  or  the  third  in  order,  is  that  of  Blossl^urg,  on  the  Tioga  River. 

The  hills  on  the  S.  side  of  the  river,  for  a  few  miles  above  Blossburg,  are  capped  by  the  conglomerate  ;  the 
Umbral  red-shale  rocks  come  out  on  their  S.  slopes,  the  dip  to  the  N.  being  considerable.  No  coal  has  been 
found  on  that  side  of  the  river,  excepting  near  Blossburg,  though  it  may  possibly  exist  S.  of  the  valley,  near 
its  source.  The  coal-formation  extends  E.  nearly  to  the  head-waters  of  Tioga  River,  but  has  not  the  thickness 
which  it  attains  farther  W. 

On  a  stream  called  Little  Falls  Run,  9  miles  above  Blossburg,  openings  were  made  some  years  ago,  under 
the  direction  of  one  of  the  mining  companies  of  Blossburg,  which  developed  a  seam  of  coal  about  3  feet  thick, 
and  some  small  bands  of  iron  ore.  A  bed  of  conglomerate,  20  feet  thick,  occurs  here  between  the  layers  of  slaty 
sandstone,  dividing  this  last  rock  into  two  portions  :  the  lower  is  of  considerable  thickness  ;  the  upper  one  sus- 
tains the  seam  of  coal. 

Above  the  coal  rests  a  bed  of  black  shale  nearly  20  feet  thick,  containing  kidney-formed  iron-ore  of  excel- 
lent quality,  though  not  abundant,  above  which  are  three  layers  of  a  poorer  species  of  iron  ore  in  flat  slabs, 
measuring  4  inches  in  thickness.  Over  the  shale  with  ore  lies  a  bed  of  slaty  sandstone,  extending  to  the 
summit  of  the  hill 

The  dip  of  the  beds  at  this  place  is  towards  the  N.  At  the  E.  side  of  this  hill  the  sandstone  which  forms 
the  summit  contains  some  small  pebbles,  and  somewhat  resembles  a  conglomerate  :  it  includes,  also,  some  small 
bands  of  coal. 

The  next  stream  towards  the  W.,  which  furnishes  a  good  view  of  the  strata,  is  Fellow's  Run  ;  but  no  coal 
has  been  opened  upon  it.  About  three  miles  above  its  mouth  this  stream  forms,  by  three  bold  leaps,  a  cataract  of 
60  feet  in  depth.  Below  the  lowest  of  these,  the  conglomerate  and  sandstone  rock  rises  in  perpendicular  walls  to 
the  height  of  the  top  of  the  waterfall,  or  to  a  level  of  430  feet  above  the  bridge  at  Blossburg ;  while  the  elevation 
of  the  same  on  IMorris's  Run,  lying  farther  W.,  is  about  300  feet. 

The  following  section  of  the  strata  at  Monis's  Run  was  fui'nished  by  Mr  Young  : — 


Feet. 

Coal,  all  good,    ...  4 

Sandstone,  somewhat  pebbly,    .  8 — 10 

Shales,  with  balls  of  iron  ore,   .  4 — 5 

White  and  grey  sandstone,       .  6  — 8 

Bituminous  slate,        .          .  1 

Coal,    ....  1 

Bituminous  slate,        .          .  2 

Coal,     ....  0 

Slate  and  sandstone,     .          .  16 

Coal,  resting  on  fire-clay,         .  1 

Slate,  ....  3 

Slate,  with  balls  of  ore,           .  4 

Strong  slate,  .  .  10 
Coal,  in  two  benches,  5  ft.  6  in.  to  6 
Slate  and  fire-clay,  with  8  inches 

coal  in  middle,        .          .  16  0 


In. 

0 
0 
0 
0 
3 
5 
6 
2 

0 
4 
0 
0 
0 
0 


Feet.  In. 

Coal,  ....  3—5  0 
Pebbly  sandstone,        .  .         40  0 

Shale,  ...  10 

Coal,  .  .         IG  in.  to  1  6 

Slate,  .  .  .  10 

Coal,  .  .  .  0  15 

Slate,  .  .  .  15—20  0 

Conglomerate,  .  .  6  0 

Iron  shale,  with  very  little  ore,  3  0 

Coal,       .       .  .  .  0  10 

Clay-slate,       .  .  .  GO 

Green  sandstone,         .  .         15  0 

Red  shale  or  marl,       .  .  30 — 35  0 

Sandstone,  with  3  feet  of  sandy 
limestone. 


4  O' 

"7^ 

15: 
0  2 

-in  n 
■  i;  0 


Fig.  349.— Morris's  Kuu 
Strata,  near  Blossbui-g. 
1  inch  =  100/cc<. 
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The  highest  Coal-measures  in  the  Blossburg  Basin  lie  between  Morris  and  Coal  Euns,  and  are  165  feet 
above  the  Blossburg  Main  Coal ;  but  at  Blossburg  the  highest  stratum  is  about  120  feet  above  that  bed  The 
capping  rock  here,  at  Morris's  Run,  is  a  pebbly  sandstone. 

It  will  be  observed  that  there  is  some  want  of  harmony  between  the  preceding  Section  and  the  following, 
representing  the  stratification  at  Blossburg,  for  which  we  are  indebted  to  Messrs  Humphreys  and  John  Evans. 
The  main  beds  of  coal  are,  however,  the  same  ; — 


Serai 

merate, 
27 /set 


Urnbral  238  0- 


-22  0 

10  0 
-7  0 
-2C  0 


.  15  0 
25  0 

16  0 
' ;)  0 
•  7  0 

20  0 


WW. 


J:  eet. 

in. 

Keet 

In. 

Coal,  all  good, 

3 

6 

PGa-coDglomeratej  .        •  • 

7 

0 

22 

0 

Whit.p  Sfmrlstonp  in  "nnrt,  siiitablft 

IT  1-1.1  Li        OC4il-l  VLO         XJv./^     ill     l-ZU-X  V     O  I.4.J.  LiC4i  V/ 

Coal,  3  feet  6  inches,  good, 

41  0 

0 

for  TY1  fi If  1  Ti o"  (ylass 

20 

0 

Slate  and  Sandstone, 

.  10 

0 

Shales,  with  lean  oolitic  ore. 

1 

6 

 blank. 

Ore,       .       .       .       .  U 

 2 

0 

Pebbly  sandstone,  . 

7 

0 

Red  and  mottled  shale. 

6 

0 

Coal,  .... 

0 

10 

Ore,  ..... 

0 

6 

Sandstone, 

.  20 

0 

Shale,  ..... 

10 

0 

Coal,  dirty. 

2—5 

0 

Shale,  with  coarse  nodular  ore. 

2 

0 

Slate  and  sandstone, 

.  30 

0 

Argillaceous  sandstone  and  slate, 

20 

0 

Coal,     .       .       .1  foot  3 

in.  to  1 

6 

Shale,  with  18  inches  of  grey  ore. 

4 

0 

Fire-clay, 

3 

0 

Slate,  w"ith  7  inches  of  ore, 

G 

0 

Slate,  .... 

.  20 

0 

Slate,  

6 

0 

Coal,  3  feet,  good,  the  Morris  Bed,  3 

6 

Dark  brown  micaceous  sandstone. 

20 

0 

Fire-clay, 

.  4—6 

0 

Red  shale  and  green  slate, 

5 

0 

Coal,  .... 

2 

0 

Greenish  grey  sandstone  to  level 

Argillaceous   sandstone  and 

slate. 

of  railroad,  .... 

150 

0 

with  two  thin  coals,  . 

12—15 

0 

Red  shale,       .       .       about  4 

—5 

0 

Coal,  thickest  at  Bear  Creek, 

3—4 

0 

Vespertine  sandstone,  calcareous 

Micaceous  sandstone,  thin-bedded,  2-5 

0 

bed  30  feet  from  bottom. 

150 

0 

Shale,  with  1  foot  kidney  ore. 

15 

0 

Red  shale  and  marl,       .  30- 

-35 

0 

Coal,  kidney  bed,    .       .  4 

in.  to  1 

6 

Green  flaggy  sandstone. 

Impure  fire-clay,  . 

2 

0 

As  some  anticipations  exist  that  the  coal  will  be  developed  in  Elk  Mountain, 
the  S.  margin  of  the  basin,  it  may  be  desirable  to  present  in  this  place  a  general 
description  of  its  summit. 

Near  the  top  of  a  high  ridge  between  the  forks  of  Carpenter's  Eun,  a  tributary 
of  the  Tioga  from  the  S.,  occurs  a  stratum  of  fine-grained  white  sandstone,  which 
readily  disintegrates  into  good  glass-maker's  sand.  Below  this  we  meet  many  loose 
pieces  of  conglomerate,  which  occm-s  in  place  100  feet  higher  up,  constituting  benches 
within  50  feet  of  the  summit,  and  about  500  feet  above  the  Tioga  Eiver.  Tliis  rock 
is  about  50  feet  in  thickness,  being  in  some  places  a  coarse  conglomerate,  in  others 
passing  into  sandstone  ;  it  caps  the  whole  ridge  opposite  the  mouth  of  FeUow's  Eun, 
for  a  mile  or  more  back  from  the  river.  Its  dip  is  towards  the  N.N.W.  The  same 
rock  has  been  encountered  farther  E.  on  the  same  side  of  the  Tioga,  forming  the 
summit  of  the  hills.  It  is  in  vain,  therefore,  to  look  for  workable  coal  in  these  posi- 
tions ;  the  most  that  can  be  hoped  for  being  a  small  imperfect  seam,  about  10  inches  thick,  which  is  occasionaUy 
found  beneath  the  stratum. 

The  rocks  in  the  bottom  lands  along  the  river  above  Blossbiu-g  belong  to  the  Vespertine  series,  and  contain 
some  layers  srutable  for  whetstones.    The  Ponent  rocks  do  not  show  themselves. 

Coal  Eun,  upon  which  some  of  the  mines  above  Blossburg  are  situated,  enters  the  Tioga  from  the  N.E.  Its 


Fig.  350.— Blossburg  Strata. 
1  inch  =  200  feet. 
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source  is  not  quite  a  mile  from  the  river.  The  hills  around  it  are  400  feet  above  Blossburg.  A  nearly  continuous 
section  of  the  strata  was  obtained  on  this  run.  The  highest  bed  measured  is  at  an  elevation  of  about  284  feet 
above  the  river,  above  which  occurs  a  considerable  thickness  of  rocks  without  exposures. 
The  section  (see  Fig.  351)  is  as  follows  : — 

Brown  sandstone,  with  kidney  ore  shut  out  by  the  sandstone ;  shelly,  thin.  Coal,  chiefly  cannel,  3 
feet;  fire-clay,  2^  feet ;  shale,  lo  feet.  Coal  (the  fire-clay  coal),  18  inches  ;  fire-clay,  2^  feet;  shale, 

2  feet ;  nodular  ore  band,  4  inches ;  shale,  3  feet.  Coal,  3^  feet  (the  Morris  Coal)  ;  fire-clay,  2}, 
fe^t  slate,  10  feet.  Sandstone,  vegetable  remains,  30  feet  ;  fire-clay,  6  inches.  Coal,  cannel  (in- 
cluding two  seams  of  slate  12  and  3  inches  thick),  3  feet  10  inches.  Shale,  with  rich  kidney  ore 
(aggregate  thickness,  6  inches  in  3  feet  of  shale),  32  feet.  Coal,  too  far  below  the  ore  to  be  worked 
with  it,  1  foot ;  this  is  the  kidney  coal.  Sandstone,  30  feet.  Coal,  cannel,  2  feet ;  Olive  shales, 
thickness  unknown.  Sandstone,  with  vegetable  remains,  passing  downwards  into  conglomerate- 
Then  the  Vespertine  red  shales  are  seen  alternating  with  sandstone  strata.  Fig.  351.— Coal  Run. 

The  difficulty  of  identifying  the  beds  abeady  noticed  with  any  in  the  column  here  given,  in  the  absence  of 
all  traces  of  calcareous  strata,  will  be  at  once  apparent. 

The  beds  of  the  next  section  (Fig.  352)  are  not  open  to  the  same  indefiniteness  as  to  stratigraphical 
position  ;  they  evidently  coincide  with  those  in  the  Towanda,  Otter  Run,  and  Morris  Run. 

Coal  is  obtained  on  Bear  Creek,  North  of  Coal  Run,  on  the  same  side  of  the  river. 
A  thick  bed  of  sandstone,  part  of  which  is  pebbly  and  about  50  feet  thick,  foi^ms  the  uj)per 
part  of  the  hill,  under  which  we  have,  after  a  few  feet  of  intervening  unknown  rocks, 

Coal,  variable,  sometimes  1-foot  shale,  embracing  4  inches  of  iron  ore,  10  to  12  feet.  Coal, 

3  feet  7  inches;  fire-clay,  2  to  3  feet;  Coal, lower  half  cannel,  14  inches;  dark  sandstone,  12 
feet.  Coal,  H  feet.  Interval.  Sandstone,  imbedding  pebbles,  30  feet.  Shale,  3  to  4  feet,  con- 
taining iron  ore.    Sandstone,  conglomerate  ;  Umbral  shales.  352.— Bear  Creek. 

The  upper  coal  occurs  on  the  South  side  of  the  creek,  where  it  is  1  foot  6  inches  thick  ;  but  on  the  North 
side  it  is  entirely  wanting.  The  ore  in  the  next  stratum  is  good,  but  small  in  quantity  ;  this  bed  is  also  visible  on 
Coal  Run.  The  next  bed  is  the  main  coal-seam  of  Blossburg  ;  it  has  been  opened  m  five  different  drifts,  two  on 
the  South  side  and  three  on  the  North  side  of  the  creek,  at  an  elevation  of  about  280  feet  above  the  railroad,  not 
quite  a  mile  distant.  The  quality  of  this  coal  is  somewhat  injured  by  the  amoimt  of  sulphuret  of  iron  occasionally 
present,  from  which,  however,  the  chief  part  of  the  bed  is  comparatively  free,  having  a  fine  brilliant  lustre.  A  fault, 
crossing  the  three  drifts  on  the  North  side  of  the  creek  in  a  N.E.  and  S.W.  course,  throws  down  the  coal  3  feet. 
Large  quantities  of  this  coal  are  carried  down  the  Tioga  valley  in  the  winter.  The  fire-clay  under  this  coal  con- 
tains Stigmaria  ficoides.  At  its  outcrop  occurs  a  large  deposit  of  exceedingly  tough  clay  derived  from  this 
bed,  well  adapted  for  the  manufacture  of  fire-bricks. 

The  18-inch  seam  of  coal  has  been  partially  mined.  The  sandstone  which  underlies  it  is  rather  remarkable, 
passing  in  its  lower  bed  into  a  coarse  conglomerate. 

Under  the  latter  lies  another  sandstone,  and  beneath  that  the  Umbral  red  shale. 

Beneath  the  Serai  conglomerate  a  band  of  iron  ore  was  struck,  which  upon  being  pursued  into  the  hill 
thinned  entirely  away.    Its  appearance  justifies  further  exploration. 

The  shale  containuig  this  ore  is  nearly  5  feet  thick  ;  at  its  outcrop  the  ore  consists  largely  of  long  elliptical 
balls  of  a  very  argillaceous  brown  ore,  lying  closely  adjacent  to  each  other,  and  forming  more  than  one-half  of 
the  stratum.  Each  elongated  nodule  exhibits  externally  a  series  of  concentric  crusts,  which  readily  peel  off  by 
exposure  to  the  atmosphere.  Beneath  the  balls  lies  a  nearly  solid  layer  of  a  heavy  yellowish -grey  ore,  about 
6  inches  thick,  having  a  true  oolitic  structure.  These  beds  appear  to  be  shut  out  by  the  overhanging  sandstone 
at  a  short  distance  fi'om  the  surface.  Other  excavations  have  been  made  for  ore  in  the  other  red  bands  lower 
down  in  the  series,  but  unsuccessfully.  The  conglomerate  and  sandstone  of  the  two  beds  described,  strew  the 
hill-sides  in  great  quantity,  and  furnish  an  excellent  biiilding-material. 
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Fig.  354.— E;vst  Creek. 


Half  a  mile  N.  of  Bear  Creek,  and  parallel  with  it,  is  the  denuded  valley  of  East  Creek,  on  the  N.  side  of 
which  the  hill  is  capped  by  a  thick  bed  of  sandstone  passing  towards  its  lower  part  into  a  conglomerate. 
Underneath  this  lies  a  stratimi  of  brown  shale,  15  feet  thick,  containing  four  bands  of  nodular  ore,  included  in 
a  thickness  of  7  feet  of  shale,  the  aggregate  thickness  of  the  ore  being  13  inches.  This  bed  of  ore  is  the  most 
promising  hitherto  met  -with  in  the  region.    The  chemical  composition  of  the  ore  we  may  hereafter  funiish. 

Below  the  shale  is  a  thin  layer  of  sandstone  ;  then  a  black  shale,  including  a  thin  seam  of  camiel  coal ; 
and  15  feet  under  this,  another  seam  of  ore  15  inches  thick,  it  is  said,  occurs ;  and  beneath  it  again  a  bed  of 
coal  21  inches  in  thickness. 

A  considerable  S.  dip  occurring  between  East  Creek  Hill  and  Bear  Creek  Hill,  the  sandstone  capping  the 
summit  of  the  former,  is  probably  the  same  as  that  which  underlies  the  coal-openings  along  the  latter.  On 
Limestone  Hill,  half  a  mile  further  N.,  the  highest  rocks  are  the  thin-bedded  Vespertine  sandstones  extending 
from  -witliin  200  feet  of  the  base  to  the  summit.  At  its  base  the  limestone  so  often  found  at  the  alternation 
of  the  Ponent  and  Vespertine  series,  shows  itself  with  a  thickness  of  at  least  8  feet,  consisting  of  heterogeneous 
materials,  closely  cemented  by  calcareous  matter.  It  has  a  variegated  asjiect,  like  certain  breccias.  It  is  a 
durable  rock,  weU  adapted  for  building-stone,  but  is  too  impure  to  be  converted  into  lime.  It  is  underlaid  by 
a  bluish  micaceous  sandstone,  furnishing  an  excellent  building-stone.  The  dip  here  is  at  an  angle  of  5°  towards 
the  S.S.E. 

North  of  Limestone  Hill,  some  of  tlie  lower  layers  of  the  Ponent  series  appear  above  the  bed  of  the  valley. 
In  one  particular  band  of  red  micaceous  sandstone  occur  numerous  nmti- 
lated  remains  of  a  highly  curious  fossil  fish,  the  HoloptycMus.  Further 
N.,  still  lower  rocks  appear. 

The  following  section  exhibits  the  alternation  of  Vespertine  and 
Ponent  strata,  displayed  at  Blossburg  : — 

Brown  concretionary  calcareous  Conglomerate,  0 ;  Greenish-greyflaggy 
Sandstone,  20  feet ;  Brecciated  or  lower  calcareous  Conglomerate,  1  to  4  feet ; 
Ve^ertiMMi'cf  Pon^  Greenish  and  bluish-grey  micaceous  Sandstone,  20  feet ;  Eed  Marl,  streaked 
^  '^^^  blotches,  10  feet ;  Red  marly  Shale,  30  feet ;  Grey  micaceous  sandy 

Slate,  2  feet ;  Greenish-grey  micaceous  Sandstone,  0. 

The  plane  of  contact  of  the  Vespertine  and  Ponent  strata  rises  N.  350  feet  to  the  mile. 

On  the  W.  side  of  the  Tioga  River,  between  tlie  heads  of  Johnson's  Creek  and  Boon's  Creek,  3  miles  fi-om 
Blossburg,  the  Coal-measures  occupy  the  hills,  though  little  is  known  of  them  at  this  locality.  The  following- 
account  of  the  stratification  on  Johnson's  Creek  was  furnished  by  the  superintendent  of  the  mines  at  Blossburg. 

Near  the  summit  occurs  a  shale  containing  nodular  iron-ore  ;  below  this,  a  bed  of  coal  2  feet  2  inclies  thick  ; 
then  15  or  20  feet  of  sandstone  ;  then  another  coal-seam  embracing  2  feet  5  inches  of  coal,  15  inches  slate,  and 
22  inches  coal, — in  all,  a  bed  about  6  feet  in  thickness. — (See  Fig.  355.) 

On  West  Hill,  near  the  mouth  of  Johnson's  Creek,  there  is  a  sandstone  passing  into  fine-grained  conglo- 
merate about  50  feet  in  thickness,  underlaid  by  ■!<  feet  of  olive-coloured  shale,  containing  about  2  feet  in  the 
aggregate  of  iron  ore  near  its  outcrop.  The  lower  portion  of  this  ore  is  of  a  greenish-grey  colour ;  the  upper 
is  reddish,  and  sometimes  oolitic  in  its  structure.  At  the  outcrop  the  greenish-grey  kind  is  1  foot  4  inches  thick, 
the  red  ore  9  inches.  The  whole  bed  shows  signs  of  diminishing  in  thickness  when  followed  in  towards  the 
hiU,  but  possibly  it  may  again  augment.  At  the  foot  of  the  hill  a  considerable  deposit  of  hog  ore  has  been 
collected,  apparently  from  this  stratum. 

Crossing  this  coal-basin  at  a  point  further  W.,  in  a  S.E.  direction  from  the  S.W.  corner  of  Charleston 
Township,  the  following  features  present  themselves  :  The  hills  in  this  part  of  the  township  are  capped  by  the 
Serai  conglomerate,  the  material  used  in  the  construction  of  the  Court-house  at  Wellsborough.  Passing  S.R, 
crossing  the  forks  of  the  First  Fork  or  Babb's  Creek,  the  conglomerate  is  seen  to  occupy  the  tops  of  all  the 
high  ridges,  being  nowhere  met  with  below  the  summits.  The  upturned  roots  of  the  trees  furnish  no  indications 
of  coal  smut.    S.  to  the  head-waters  of  the  First  Fork,  near  the  Blossburg  Road,  the  conglomerate  caps  the 


Fig.  355. — Johnson's 
CVeek. 
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summits.  In  so  wild  a  country  it  is  impossible  always  to  pronounce  with  positiveness  upon  the  non-existence 
of  coal  in  a  part  of  a  basin  like  this,  where  a  slight  clip  may  bring  in,  unpcrceived,  the  lower  part  of  the  Coal- 
measures.  This  neighbom-hood  was  carefully  examined,  and  if  the  coal  does  prevail,  it  cannot  cover  much 
extent.  Further  W.  the  Coal-measures  have  been  discovered  across  Wilson's  or  Yarnall's  Creek  entering  the  First 
Fork  at  Babb's,  and  heading  towards  Wellsborough,  and  the  coal  opened  on  the  W.  side  of  the  stream.  On 
the  E.  or  opposite  side,  coal  smut  was  also  found  by  us  at  the  mouth  of  Wilson's  Creek.  The  dip  is  gently  N. ; 
and  about  5  miles  above  or  towards  the  N.  it  is  S.,  forming  the  basin,  in  the  centre  of  which  lie  these  insulated 
patches  of  Coal-measures.  The  tops  of  the  hills  at  the  two  boundaries  mentioned  consist  of  the  conglomerate, 
or  the  brown  rock  above  it,  on  the  very  highest  knobs,  gradually  descending  to  a  rather  lower  level  in  the  basin, 
.  they  have  over  them  for  a  considerable  extent  of  surface  a  moderate  thickness  of  strata,  which  may  be  found 
to  contain  one  seam  of  coal. 

Between  100  and  200  feet  below  the  conglomerate  there  occur  abundant  signs  of  a  bed  of  iron  ore,  visible 
along  the  brow  of  the  hills  on  each  side  of  Wilson's  Creek.  Some  amount  of  excavation,  however,  would  be 
requisite  to  develop  it.  Along  Wilson's  Creek  the  Vespertine  series  is  not  very  thick — the  hills  containing 
the  Coal-measures  being  apparently  not  more  than  600  feet  high,  while  the  Ponent  red  shales  just  appear  above 
the  bed  of  the  valley. 

The  coal  occurs  between  2  and  3  miles  above  Babb's,  at  the  mouth  of  Wilson's  Creek. 
It  overlies  a  bed  of  sandstone  reposing  above  the  conglomerate.  The  floor  of  the  coal  is  a  dark 
brown  shale.  The  seam  is  double,  the  upper  portion  being  1  foot  in  thickness,  the  lower,  18 
inches,  both  of  good  quality.  They  are  separated  by  a  band  of  dark  shale  1  foot  in  thickness  ; 
the  roof  of  the  coal-bed  consists  of  black  shale  full  of  vegetable  fossils.    The  hill  rises  only  ^  , 

^  ''    Fig.  S&o.  — \v  ilson  s 

about  30  feet  higher  than  the  level  of  the  coal,  and  presented  no  indications  of  another  seam,  Creek, 
or  of  a  band  of  iron  ore,  though  much  search  was  made. 

Half  a  mile  N.  from  the  opening  made  in  the  coal,  the  conglomerate  rock  is  finely  exposed,  exliibiting  itself 
in  a  bed  about  35  feet  thick.  Eeceding  a  little  from  the  front  of  the  hiU,  a  bench  rises  about  thu'ty  feet  from 
the  conglomerate.  On  the  top  of  this  flat  the  upturned  roots  of  the  fallen  trees  disclose  numerous  fragments 
of  iron  ore.  The  indications  of  ore  are  tolerably  abundant  from  this  point  across  to  the  Stony  Fork,  and  the 
smut  of  the  coal  is  also  traceable  throughout  the  same  tract ;  but  whether  more  than  one  coal-bed  occm-s,  cannot 
be  ascertained  without  much  excavation.  The  conglomerate  lies  high,  but  some  points  of  the  surface  tower 
a  little  above  it.  The  outline  of  these  high  lands  is  imdulating,  the  growth  is  open,  and  would  furnish  much 
timber  adapted  for  making  charcoal  On  both  sides  of  the  Stony  Fork  the  conglomerate  crowns  most  of  the 
hills  until  we  advance  several  miles  up  the  stream,  where  the  lower  rocks  form  the  surface.  This  formation  is 
well  exposed  in  this  vicinity,  forming  often  an  irregular  line  of  escarpment  around  the  brow  of  the  hill  for 
many  mUes  in  extent,  where  enormous  blocks,  dislodged  from  the  stratum,  open  lanes  and  passages  between 
them  and  the  main  bed. 

In  the  bed  of  the  valley  of  Stony  Fork,  the  impure  calcareous  rock  near  the  top  of  the  Ponent  series 
sometimes  .shows  itself  About  3  miles  from  the  mouth  on  the  E.  side,  a  very  ferruginous  spring  appears, 
depositing  a  large  mass  of  brown  ochre.  A  little  above  this  spring  an  excavation  was  made  in  search  of  ore, 
and  a  band  of  small  compact  nodules,  whitish  within  and  coated  with  a  brown  crust,  was  found  imbedded  in 
a  shale.  After  penetrating  to  a  depth  of  a  foot  and  a  half,  a  copious  influx  of  water  arrested  the  digging. 
This  band  of  ore  is  conceived  to  be  a  continuation  of  that  already  discovered  in  so  many  places  in  the  Umbral 
red  shales.  The  same  band  was  found  some  years  since,  several  miles  to  the  W.,  on  Pine  Creek.  On  the  W 
side  of  Stony  Fork  the  red  shale  below  the  conglomerate  is  very  ferruginous. 

Between  the  layers  of  the  conglomerate,  and  but  a  short  distance  from  the  bottom,  was  found  a  tliin  band 
of  black  shale,  readily  mistaken  at  first  for  the  outcrop  of  a  seam  of  coal.  As  it  is  somewhat  continuous,  though 
only  1  foot  thick,  it  is  desirable  thus  to  mention  its  position,  corresponding  as  it  does  with  the  small  seam  of  coal 
everywhere  underlying  the  conglomerate,  and  representing  at  this  great  distance  E.  the  Shai'on  series  of  INIercer 
and  Fayette  coimties  to  the  W.  and  S. 
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Over  the  conglomerate  on  the  same  side  of  the  stream,  the  ground  rising  20  or  30  feet,  a  few  pieces  of 
kidney  ore  were  discovered.  Upon  trial,  the  bed,  however,  proved  to  be  thin  and  irregular,  being  a  band  in  the 
bro-\vn  sandstone.  Signs  of  the  same  seam  were  met  with  in  other  places,  in  a  corresponding  position  in  the 
strata,  but  they  nowhere  gave  promise  of  being  productive. 

At  the  mouth  of  the  Second  Fork  of  Pine  Creek,  the  rocks  dipping  gently  to  the  N.,  the  Ponent  series 
extends  from  the  bed  of  the  valley  a  considerable  way  up  the  hills,  the  conglomerate  capping  only  the  highest 
knobs,  and  no  Coal-measures  appearing  above  this  along  Pine  Creek.  The  only  chance  we  have  of  finding  them 
is  above  the  head  of  Elk  Run,  Avhich  enters  Pine  Creek  a  mile  and  a  half  above  the  mouth  of  the  Second  Fork. 
Here  a  bed  of  iron  ore  was  opened  a  few  years  ago  below  the  conglomerate,  being  probably  the  same  found 
upon  Stony  Fork.  It  was  mined  for  a  sliort  distance  in,  by  a  regular  drift,  and  proved  to  be  between  3  and  4 
feet  in  thickness  ;  the  whole  of  which,  however,  is  not  ore,  a  portion  consisting  of  imbedding  shale. 

On  Big  Pine  Creek,  about  4  miles  above  the  mouth  of  the  Second  Fork,  the  rocks,  previously  nearly 
horizontal,  dip  S.,  bringing  in  the  conglomerate  on  the  summits  of  the  hiUs,  about  2  miles  below  this  place 
on  the  E.  side  of  the  stream.  This  very  shallow  basin  in  the  rocks  wiU  therefore,  probably,  not  yield  any  coal 
along  Pine  Creek. 


CHAPTER  IV. 

THE  FOURTH  BASIN  WESTWARD  TO  PINE  CREEK. 

The  third  axis,  which  crosses  the  Tioga  River  between  Covington  and  Mansfield,  traverses  the  middle  of 
the  Wellsborough  Valley  as  far  as  the  Round  Islands  where  it  crosses  Pine  Creek.  The  WeUsborough  Valley, 
as  here  referred  to,  includes  not  merely  that  lying  under  our  view  as  we  look  down  from  the  hill-top,  one  nule 
from  the  village  on  the  Covington  Road,  but  also  the  whole  tract  of  hilly  land,  and  bottom,  about  10  miles  wide, 
which  lies  between  this  ridge  and  the  mountain  plateau  of  the  coal-basin  on  the  N.,  now  to  be  described  This 
interval  is  composed  of  the  upper  300  feet  of  the  Vergent  series,  some  layers  of  which,  particidarly  those 
adjoining  the  stratum  of  limestone  above  mentioned,  aie  very  rich  in  fossUs.  These  rocks  are  thrown  into  a 
broad  arch  by  the  third  great  axis  of  the  region.  The  hills  lying  at  the  base  of  the  two  mountain-ranges  on 
the  opposite  sides  of  the  valley,  are  composed  in  part  of  Ponent  rocks,  and  show  this  formation  much  thinner 
on  the  N.  than  on  the  S.  side  of  the  valley :  its  precise  thickness  could  be  readily  obtained ;  but  a  mile  N.  of 
Wellsborough  it  was  not  supposed  to  exceed  100  feet. 

The  Vergent  series  is  not  extensively  developed  where  this  axis  crosses  Pine  Creek,  and  a  satisfactory  reason 
may  be  had  by  observing  the  W.  dip  of  the  axis  itself.  A  few  miles  from  Covington,  distant  about  half  a  nule 
S.  of  the  road,  the  top  and  sides  of  a  hUl,  by  their  peculiarly  I'cgular  and  well-marked  slopes  and  bends,  show 
the  dip  without  need  of  exposures.  It  plainly  exhibits  the  dip  of  the  strata  within  it  to  be  about  TO''  \V.  by  S. 
This  hill  is  nearly  upon  the  summit-line  of  the  axis.  Were  it  to  continue  W.  with  no  modification  or  irre- 
gularity, the  geographical  level  of  two  points  on  the  same  geological  level  woidd  vary  by  nearly  10,000  feet. 
We  must  therefore  conclude  that  at  this  point  the  axis  has  a  sudden  flexure  dowTiward  to  the  W.,  while  the 
superior  height  of  the  Vergent  rocks  upon  Tioga  River,  above  that  which  they  attain  on  Pine  Creek,  proves  that 
the  axis,  on  the  whole,  slopes  several  hundred  feet  to  the  W.  in  that  distance. 

From  the  hiUs  aff'ording  the  view  of  Wellsborough  above  mentioned,  facing  N.,  one  may  discern  a  range  of 
very  high  land,  ranging  at  the  nearest  point  within  5  or  6  miles  of  the  point  of  view,  and  opened  by  three  con- 
spicuous gaps.  One  of  these  is  that  of  the  Tioga  River ;  a  few  miles  W.  is  a  double  one  ;  and  the  third  marks 
the  issue  of  the  Big  Marsh  Creek.  The  moimtain  is  seen  to  continue  to  the  W.  of  the  latter  along  the  X.  side 
of  Pine  Creek,  and  is  stiU  cut  transversely  at  intervals  by  the  N.  smaller  tributaries  of  that  stream. 

From  one  of  the  hills,  a  few  miles  S.  of  the  Cowanesque,  we  see  looking  S.  the  N.  border  of  this  same 
moimtain-range  ;  it  is  equally  straight  and  regular  in  its  summit  outline,  and  gapped  in  fewer  places.  This 
mountain- chain  is  6  or  8  miles  broad,  like  the  others  akeady  described,  and  is  not  only  split  down  lengthwise  to 
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its  base  by  Crooked  Creek,  but  deeply  furrowed  by  dozens  of  its  tiny  branches  and  their  water-courses.  This 
is  one  of  the  most  curious  facts  observable  in  Tioga  County,  and  well  illustrates  the  influence  of  its  geology  upon 
the  topography  of  the  country.  Not  only  do  most  of  the  streams  head  upon  Axis  No.  3,  and  flow  N.  to  Big 
Marsh  and  Crooked  creeks,  and  S.  to  the  Second  Fork,  but  in  the  valley  N.  of  the  mountain-chain, — we  here 
mean  the  valley  through  which  Axis  No.  5  runs, — the  streams  head  on  that  axis  also,  and  flow  down  the 
N.  and  S.  slopes  into  Crooked  and  Pine  creeks  and  the  Cowanesque.  And  we  may  say  that  it  is  in  oljedience  to 
this  general  law  that  Pine  Creek,  in  the  upper  part  of  its  course,  flows  E.,  that  is,  along  the  centre  line  of  the 
Fourth  Basin,  and  not  S. 

The  only  point  where  we  found  coal,  and  e^ddently  the  only  place  where  there  is  any  likelihood  of  finding- 
it,  is  at  a  low  knob  upon  the  N.  side  of  the  mountain,  2  miles  up  the  North  Branch  of  Crooked  Creek,  above 
its  forks,  and  9  miles  from  "Wellsborough. 

Here  is  a  coal-bed  overlaid  by  20  or  30  feet  of  sandstone,  its  outcrop  describing  a  wide  circle  about  half  a 
mile  in  diameter.    Its  thickness  is  not  known. 

Westward  of  this,  between  Long  Eun  and  Big  Marsh  Creek,  the  top  of  the  mountain  is  capped  in  many 
places  by  this  same  bed  of  coal,  about  2  feet  in  thickness.  The  conglomerate  in  the  first  position  (near  Wells- 
borough)  does  not  deserve  that  name  ;  one  passes  it  in  going  up  to  the  coal,  and  only  recognises  it  by  the  steeper 
slope  which  it  causes,  and  its  proximity  to  the  coal.  It  is  about  60  feet  thick,  fine  in  its  texture,  and  is  under- 
laid by  red  and  green  shale,  without  the  appearance  of  iron-ore.  It  is  possible,  however,  that  this  coal-bed 
may  be  the  one  that  underlies  the  main  Serai  conglomerate,  in  which  case  the  latter  cannot  be  said  to  be  jiresent 
on  the  mountain. 

Upon  Pine  Creek  this  rock  is  a  coarse  and  true  conglomerate,  and  appears  in  biilk  upon  most  of  the  hills 
N.  and  S.  of  Pine  Creek  going  W.  This  part  of  the  basjn  could  not  be  well  explored,  because  of  the  extreme 
wildness  of  its  state  at  present,  and  more  labour  and  an  expensive  outlay  of  time  did  not  seem  to  be  demanded 
by  the  very  inferior  value  of  its  economical  geology.  Only  one  seam  of  coal  is  likely  to  be  found  upon  a  few 
spots  on  its  highest  planes,  and  that  one  is  seldom  worth  the  working. 


CHAPTER  V. 

THE  FIFTH  COAL-BASIN  W.  TO  THE  GENESEE  FJVER. 

Upon  the  highest  knob  of  the  low  mountain-land  which  bounds  the  broad  anticlinal  valley  of  the  Fourth 
Axis  on  the  N.,  within  sight  from  Krioxville  (a  little  village  upon  the  Cowanesque  at  the  mouth  of  Troup's  Eun), 
there  is  a  platform  of  whitish  sandstone,  covering  perhaps  50  acres,  and  from  10  to  15  feet  in  height.  This 
platform  probably  conceals,  and  has  protected,  a  remnant  of  the  lowest  bed  of  coal — viz.  that  just  described  in 
the  last  chapter  as  in  a  similar  position. 

The  Serai  conglomerate  appears  only  as  a  well-marked  terrace  of  coarse  white  sandstone,  passing  insensibly 
downward  into  Vespertine  grey  sandstones,  as  do  the  latter  into  Vergent  flaggy  grey  and  olive  sandstones. 

Of  the  Umbral  Eed-shale  ore  no  traces  were  here  observed  ;  but  7  mUes  W.  of  Knoxville,  on  the  top  of  a 
hill  on  the  S.  side  of  the  Cowanesque  Creek,  upon  the  road  which  leads  over  to  Mixtown  Settlement,  large  blocks 
of  white  sandstone  assert  the  presence  of  the  Serai  conglomerate,  and  on  the  S.  side  of  the  hill  appear  red  and 
variegated  shales,  vsdth  small  pieces  of  iron  ore  of  poor  quality,  and  not  in  abundance.  It  was  in  descending  this 
hill,  among  the  outcrop  fragments  of  the  grey  Vespertine  rocks,  that  a  fine  fragment  of  Holoptychius  was 
found. 

About  8  miles  N.W.  from  the  Big  Meadows  occurs  a  bed  of  iron  ore,  from  which  a  large  deposit  of  brown 
ochre  has  been  produced.  Much  ore  has  been  taken  from  this  spot.  The  ore-band  has  not  been  fuUy  developed  ; 
it  occurs  within  100  feet  of  the  summit  of  the  hiU,  lying  probably  below  the  conglomerate,  though  that  rock 
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does  not  appear.  About  2  tons  only  of  loose  nodular  ore  have  been  excavated.  20  feet  below  this  bed,  a  bench 
or  broad  terrace  occupies  the  flank  of  the  hill,  embracing  about  20  acres  of  surface ;  it  is  covered  by  a  rich 
deposit  of  the  bog-ore,  to  a  depth  averaging  perhaps  2  feet.  Higher  on  the  hill  a  small  seam  of  coal,  1  foot  in 
thickness,  occurs,  which  is  of  limited  extent.  Near  the  sunmiit  of  the  hill  are  indications  of  another  bed  of 
iron  ore. 


CHAPTER  VI. 

COUNTEY  BETWEEN  PINE  CREEK  AND  THE  SUSQUEHANNA  WATERS. 

The  great  rolling  plateau  of  the  Alleghany  Mountain,  in  which  Pine  Creek  and  the  Susquehanna  River, 
with  its  nmnerous  branches,  cut  their  way  1000  feet  below  its  general  surface,  has  not,  until  within  a  few  years 
past,  received  any  contributions  from  the  foreign  or  domestic  centres  of  emigration.  It  remains  ahnost  what  it 
was  a  century  ago,  an  unbroken  forest,  tenanted  by  the  panther,  bear,  deer,  wolf,  and  fox. 

The  soil  is  cold,  but  produces  excellent  wheat — not,  however,  in  heavy  crops.  The  gi'asses  are  the  natural 
staple  of  the  cleared  bottom-lands  of  Pine  Creek. 

Across  this  region  the  Jersey  Shore  and  Couderspoit  Tmnpike  passes,  ascending  its  S.  escarpment,  where 
Pine  Creek  issues  from  it,  4  miles  froni  Jersey  Shore.  The  ascent  is  2  miles  long  ;  the  whole  distance  to  Couders- 
port,  about  80  miles.  For  68  miles  of  this  road,  at  the  time  of  our  last  visit  in  1846,  the  traveller  passed  the 
doors  of  only  six  houses,  while  thirteen  other  families  resided  at  greater  or  less  distances  from  it,  in  the  forest 
to  the  right  and  left.  Three  of  these  were  Irish  settlers  living  at  the  head  of  Chatham's  Eun,  and  holding  cor- 
respondence with  the  world  through  Jersey  Shore.  Four  others,  the  extreme  E.  families  of  the  settlement,  were 
upon  the  S.  Fork  of  Kettle  Creek,  a  settlement  numbering,  in  1846,  thirty-three  families,  and  commimicating,  by 
canoe  navigation,  through  an  uninhabitable  gorge  of  8  miles,  or  by  "Boon's  Eoad,"  14  miles  across  the  moun- 
tain, with  the  main  Susquehanna,  above  Young- Woman's  Town.  In  such  a  country,  with  the  small  means  at 
om-  command,  little  coidd  be  accomplished  beyond  merely  noting  the  general  phenomena,  suflficiently  indeed,  as 
in  the  end  appeared,  to  enable  us  to  announce  the  economical  value  of  its  geological  contents. 

A  low  ridge,  perhaps  100  feet  in  height,  called  the  Sandstone  Ridge,  and  ranging  from  the  head  of  Queen's 
Run  E.,  upon  the  general  table-land,  terminates  with  a  beautifid  rounded  and  terraced  end,  at  the  turnpike  neai- 
M.  Focht's  hoiise,  11  miles  from  Jersey  Shore,  and  5  miles  back  from  the  edge  of  the  mountain,  if  measm-ed 
diagonally  along  the  turnpike.  Here,  upon  the  turnpike,  and  marked  by  the  bench  in  the  ridge's  S.  side,  is  the 
outcrop  of  what  is  probably  the  only  coal-bed  in  the  region.  Its  outcrop  is  repeatedly  marked  upon  the  turn- 
pike between  this  place  and  Mr  Hearod's  old  settlement,  23  miles  farther  on.  It  is  always  seen  to  be  covei-ed  by 
reddish  friable  shales.  In  many  places  it  appears  to  be  rather  two  beds  than  a  single  one,  separated  by  several 
feet  of  intermediate  rocks. 

Mr  Hearod's  tavern  is  situated  in  the  Third  Basin,  and  the  coal,  1  foot  thick,  was  once  opened  upon  his  land. 
It  outcrops  in  a  well-marked  bench  upon  the  road,  1  mile  N.  of  his  house.  Here,  as  in  many  other  places,  the 
disintegi'ation  of  the  Serai  conglomerate  produces  a  fine  white  sand,  well  adapted  to  the  purposes  of  the  glass- 
maker.  It  is  said  that,  in  sinldng  the  well  at  Mr  Hearod's  clearing,  coal  of  good  quality,  and  3  feet  thick,  was 
struck  at  a  depth  of  20  feet  below  the  surface.  This  would  show  its  place  to  be  from  40  to  50  feet  above  the 
conglomerate. 

The  turnpike  enters  Potter  County  at  its  S.  corner,  and  leaves  it  at  its  N.W.,  not  far  from  Olean  Point  or 
Hamilton  VUlage,  in  the  State  of  New  York. 

After  passing  the  N.  outcrop  of  Hearod's  Coal-bed  before  mentioned,  one  passes  8  mdes  over  Vespertine 
sandstones,  and  also  flats  covered  with  a  reddish  ii-ony  soil,  doubtless  due  in  some  measure  to  the  presence  of 
Umbral  red  shales.  All  this  distance  the  land  is  very  high,  and  gently  rolling  ;  but  now  suddenly  commences 
a  deep  descent  to  the  bed  of  Kettle  Creek,  by  the  valley  of  one  of  its  tributai'ies,  which  excellently  illustrates  the 
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sharp  ploughing  action  of  the  denuding  floods,  which  swept  across  the  country,  leaving  it  ravined  and  trenched 
as  we  see  it. 

The  abrupt  heading-up  of  such  a  valley  upon  the  comparatively  dead  level  of  the  table-land  is  remarkable, 
and  may  be  compared  with  the  ravines  (on  an  infinitely  smaller  scale)  effected  in  the  soft  banks  of  the  streams 
of  the  sea-coast,  by  the  yearly  rain-drainage,  wherever  the  cultivation  of  the  soil  had  been  neglected. 

The  third  axis  crosses  the  road  between  the  forks  of  Kettle  Creek,  bringing  in  sight  in  its  deep  valley  the 
upper  rocks  of  the  Vergent  series. 

After  crossing  the  West  Branch,  the  road  rises  again  to  the  summit-level,  and  is  made  to  follow  for 
several  mUes  the  crest  of  a  "  hog-back,"  where  the  traveller  looks  right  and  left  down  two  steep  slopes  into  two 
parallel  valleys,  each  many  hmidred  feet  below  him.  This  is  composed  of  Vespertine  grey  sandstone,  excepting 
two  long  flats  covered  mth  the  above-mentioned  red  soil,  and  two  small  unconnected  patches  of  Serai  conglo- 
merate, which  here  seems  to  be  a  fine-grained  white  sandstone. 

The  conglomerate  does  not  occur  again  on  the  road  to  Coudersport,  although  the  latter  keeps  upon  the  high 
groimd  across  the  fourth  axis,  and  into  the  Fifth  Basin.  There  the  road  descends  into  the  valley  of  the  Alleghany 
River,  where  the  upper  mixed  strata  of  the  Vergent  series  appear  upon  it. 

It  wUl  thus  be  seen  that  on  this  road  there  appears  no  sign  of  coal  in  the  Fourth  or  Wellsborough  Basin, 
although  the  mountains  in  that  basin,  at  the  elbow  of  Pine  Creek,  contain  the  lower  bed,  as  does  also  the  high 
land  crossed  by  the  road  at  Hearod's,  in  the  next  basin  to  the  S.  It  remains  yet  to  be  seen  if  the  coal  appears 
where  the  basin  is  crossed  by  the  Driftwood  Branch  of  Sinnemahouing.  The  wildness  of  the  country  efi'ectually 
prevented  a  nearer  approach  to  certainty,  though  such  might  readily  be  obtained  by  a  camping  party. 


CHAPTER  YII. 

FIRST  BASIN  TRACED  FROM  THE  SUSQUEHANNA  S.  TO  CAMBRIA  COUNTY. 

The  rocks  along  the  Susquehanna  River  are  the  argillaceous  sandstones  forming  the  thick  bands  at  the 
alternation  of  the  Ponent  and  Vespertine  series,  dipping  at  a  considerable  angle  to  the  N.W.  At  the  mouth  of 
Lick  Run  these  give  place  to  Vespertine  rocks,  having  their  usual  character  of  a  brown  slaty  sandstone,  but 
containing  a  few  bands  of  a  sUicious  conglomerate,  somewhat  like  the  Serai  conglomerate,  though  darker. 
Above  this  sandstone  lie  the  Umbral  red  shales  in  two  separate  strata,  alternating  with  a  grey  sandstone,  refer- 
able either  to  the  Vespertine  or  Serai  series.  The  lowest  of  these  red  shales  is  a  bed  C5  feet  in  thickness,  con- 
taining two  seams  of  iron  ore:  one  only  about  6  inches  thick;  the  other,  20  feet  above  it,  being  about  10  inches. 
The  ore  is  apparently  good,  but  probably  not  sufficiently  abundant  to  be  valuable. 

A  similar  ore  has  been  discovered  on  Queen's  Run,  li  miles  N.E.  of  the  Queen's  Run  Mines,  where  it 
promises  a  greater  quantity.  Between  the  two  seams  of  ore  occur  buff'-coloured  and  red  shales.  Overlying  this 
red  shale  is  a  thick  stratum  of  grey  sandstone,  analogous  to  the  Vespertine  grey  sandstone,  about  250  feet  thick. 
This  supports  another  thinner  bed  of  Umbral  red  shale.  At  the  mouth  of  Queen's  Run  the  Vespertine  sandstone 
contains  a  seam  of  fire-clay  4  or  5  feet  thick,  which  is  a  little  too  sandy,  but  may  be  worth  working,  if  mixed 
with  a  more  argillaceous  variety.  At  the  mines  on  Lick  Run  the  strata  have  been  bored  from  the  highest 
ground  down  to  the  upper  bed  of  the  red  shale.  At  different  points  where  this  was  done  the  strata  do  not  pre- 
cisely correspond.  One  of  the  most  important  of  the  beds,  a  seam  of  coal,  is  absent  over  a  considerable  extent 
owing  to  a  dislocation  in  the  strata,  or  to  other  causes  not  yet  ascertained.  In  one  of  the  knobs,  where  the 
position  of  the  coal  appears  to  be  represented  by  slate  and  sandstone,  we  have  the  follo\ying  section  (see 
Fig.  357). 

Soil,  21  inches.  Coal,  not  under  sufficient  cover  to  be  hard,  5  to  G  feet  (here  only  l.'j  feet).  Fire-clay,  C|  feet. 
Brown  Slate,  5  feet.    {Coal  should  here  occur  1 9  feet  beneath  the  brown  slate,  C  feet  thick,  and  containing  I G  inches  of 
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slate,  but  it  is  absent).  Dark  slates  and  flaggy  sandstones,  76^  feet, 
inches.    Coal,  3i  to  5  feet. 


Coal,  2  feet  4  inches.   Dark  slate,  9  feet  7 


I  6-6  <yj 


CL  Coal  2  4- 
Br.Cual  3  6-5  O 


FlG.  357.— Lick  Run,  Far- 
randsville. 


This  is  the  lowest  coal-bed  of  the  basin,  as  it  was  mined  by  the  Farrandsville  Com- 
pany for  the  use  of  their  furnace,  Avhere  it  underwent  the  coking  process  without  the  aid 
of  ovens.  It  was  then  sent  by  an  inclined  plane  and  raili'oad  to  the  furnace  at  the  base 
of  the  mountain.  The  second  coal-seam  in  the  ascending  order  was  not  worked,  the  coal 
being  impure ;  but  the  third,  where  the  ground  is  sufficiently  elevated  to  embrace  it,  has 
been  wrought  to  some  extent,  yielding  a  better  coal  than  either  of  the  other  two.  It  is 
now,  however,  nearly  exhausted.  Thi.s  upper  coal-seam,  lying  usually  near  the  sm-face  of 
the  highest  ground,  has- generally  an  unsound  roof,  which  unfits  it  to  be  mined.  It 
measures  commonly  6  feet  in  thickness.  It  is  removed  to  expose  the  fire-clay  which 
lies  immediately  beneath  it,  found  to  be  of  superior  quality  for  the  manufacture  of  fii-e- 
brick.  This  fire-clay,  from  6  to  7  feet  thick,  is  destitute  of  grit,  and  fm-nishes  an  admir- 
able fire-brick.  Under  it  lies  a  bed  of  shale,  containing  a  layer  of  nodular  iron-ore  of  no 
great  purity  or  richness. . 

Beneath  the  lowest  bed  of  coal  slaty  sandstone  and  .shales  occupy  a  thickness  of  46i 
feet,  succeeded  by  25  feet  of  red  shales,  this  by  upwai'ds  of  200  feet  of  grey  sandstone, 
and  this  again  by  the  lower  bed  of  red  .shale.  It  is  very  remarkable  that  we  nowhere  find  the  rocks  occupying 
the  position  of  the  Serai  conglomerate,  possessing  the  conglomerate  character,  while  in  every  other  neighbour- 
hood in  the  same  basin,  as  at  the  First  Fork  of  Pine  Creek  and  on  the  Tangascootac,  as  we  shall  show  hereafter, 
this  rock  exists  in  its  true  type  and  features. 

At  Queen's  Run  the  same  beds  of  coal  and  fire-clay  occm-  which  we  see  at  Farrandsville,  with  this  difference 
that  the  uppermost  coal-seam  is  there  under  an  ample  covering,  and  ranges  over  a  tolerably  extensive  surface, 
being  the  only  bed  at  present  mined.  Its  thickness  varies  from  5  feet  to  3  feet  9  inches.  The  coal  is  superior, 
and  finds  a  ready  market  along  the  Susquehanna. 

The  fire-clay  at  this  place  is  occasionally  8  feet  thick.  A  bed  of  coal  about  4|  feet  thick  occurs  not  far 
beneath  it.  This  does  not  appear  in  the  Coal-measures  above  Farrandsville.  The  other  beds  in  the  series  are 
supposed  to  occur  here,  though  their  existence  has  not  been  positively  ascertained.  At  the  mouth  of  Queen's 
Run  fire-bricks  have  been  made  to  a  moderate  amount,  and  at  Farrandsville  on  a  more  extensive  scale. 

The  smelting  furnace  at  Farrandsville  is  l^uilt  of  stone,  lined  with  the  fire-brick;  it  is  54  feet  high.  The 
diameter  of  the  boshes  was  originally  17  feet,  but  was  reduced  to  ]  3.  A  powerful  steam-engine  ha\ing  10  boilers, 
and  estimated  at  170  horse-power,  when  aU  are  in  action,  propelled  the  blast.  From  the  description  given  of 
the  Coal-measm-es  of  Farrandsville,  it  would  appear  that  they  furnish  neither  iron  ore  nor  limestone ;  hence  the  ore 
used  in  this  fm-nace  was  brought  from  Montour's  Eidge  in  Columbia  Coimty,  being  the  fossiliferous  ore  of  the 
Sm'gent  shales.  An  inferior  species  was  also  procured  on  Larry's  Creek  from  the  lower  beds  of  the  Ponent  series  ; 
the  former  was  transported  about  100  miles,  the  latter  23  miles.  Limestone  from  Nittany  Valley  was  used 
as  a  flux.  The  proportions  of  the  materials  employed  in  making  one  ton  of  cast-u'ou,  in  October  1839,  were  as 
follows  : — 

Coke,  6500  hogsheads,  2900  tons;  Fossiliferous  Ore,  3200  hgds.,  U28  tons;  Larry  Creek  Ore,  3500  hgds., 
1562  tons  ;  Limestone,  4500  hgds.,  2009  tons. 

After  the  furnace  had  been  in  blast  some  time  the  cast-iron  produced  was  of  a  superior  quality  as  a  foundry 
iron,  and  the  yield  was  about  50  tons  per  week. 

The  extreme  horizontality  of  the  rocks  observable  in  ascending  the  Susquehanna  from  Queen's  Run,  is 
undoubtedly  due  to  the  dying  down  of  one  of  the  broad  axes  of  Tombs'  Run  Valley,  which  crosses  Pine  Creek 
about  7  miles  above  its  mouth,  and  passes  under  the  turnpike  AY. 

Tangascootac. — Passing  to  the  W.  side  of  the  Susquehamia,  the  Coal-measures  next  appear  on  the  Alle- 
ghany Mountain,  on  the  S.  side  of  the  Tangascootac  Creek.    This  stream  runs  nearly  centrally  along  the  basin 


ANGASCOOTAC. 


529 


for  5  miles,  with  a  margin  of  comparatively  broad  and  regular  bottom-lands  on  each  side.  Owing  to  the  greater 
amount  of  denudation  in  the  lower  part  of  the  valley,  the  Coal-measures  do  not  there  occur  ;  but  higher  up  they 
expand  over  a  considerable  extent  of  country,  and  acquire  a  thickness  of  several  hundred  feet.  The  forest  growth 
near  the  S.  Fork  is  open,  consisting  of  fine  hard  wood  and  scattering  white  pines,  and  the  surface  changes  from  the 
steep  mountain  acclivities  seen  nearer  the  river,  to  gently-rolUng  hills  and  extensive  plains.  The  rocks  along  the 
valley  of  the  Susquehanna  for  about  G  miles  belong  exclusively  to  the  Vespertine  series.  At  the  mouth  of  the 
creek  this  formation  rises  nearly  to  the  top  of  the  Alleghany  Mountain,  and  caps  the  hill  on  the  N.  side  of  the 
stream.  The  first  appearance  of  conglomerate  is  where  it  covers  the  E.  extremity  of  the  Alleghany  Mountain. 
Tracing  it  W.  it  gradually  comes  in  at  a  greater  distance  below  the  summit,  until,  3  miles  from  the  river,  the 
Coal-measures  occupy  the  mountain-top,  and  the  white  pebbly  sandstone  of  the  Serai  conglomerate  lies  under  the 
summit,  and  crops  out  high  up  on  the  S.  side. 

The  hills  on  the  N.  side  of  the  Tangascootac  do  not  reach  the  elevation  of  the  Alleghany  Mountain  until 
we  advance  N.  several  miles,  when  a  change  of  the  dip  to  the  S.  brings  up  the  lower  rocks,  but  witli 
an  extremely  gentle  dip.  Along  the  N.  side  of  the  creek  the  knobs  are  capped  by  Serai  conglomerate  as  far 
up  the  valley  as  the  forks.  A  little  below  this  the  Coal-measures  first  appear  on  the  N.  side  of  the  stream,  and 
finally,  farther  towards  the  W.,  they  occupy  all  the  high  ground  between  the  heads  of  the  two  forks,  but  no  coal 
occurs  to  the  N.  of  the  North  Fork,  the  hills  there  being  capped  by  the  conglomerate. 

The  most  eastern  coal-beds  opened  are  S.  of  the  First  Fork,  at  an  elevation  of  about  530  feet  above  the 
stream,  which,  in  the  course  of  2^  miles  to  its  mouth,  descends  30  feet.    The  upper  bed  lies  beneath  a  thick 
stratum  of  brown  sandstone.    It  appears  to  be  4  feet  thick,  but  at  some  distance  in  from  the  outcrop  a  fault 
.  causes  it  locally  to  be  only  2  feet.    The  quality  of  this  coal  is  excellent ;  it  is  imderlaid  by  a  bed  of  good  fire- 
clay.   There  occur  about  35  feet  of  other  strata  covering  this  bed  over  an  area  of  perhaps  50  acres. 

Another  coal-seam,  somewhat  slaty,  3  feet  in  thickness,  lies  about  30  feet  lower  down,  at  no  great  distance 
under  which  is  the  conglomerate,  forming  a  stratum  nearly  100  feet  in  depth.    This  rock  is  here  a  fine  sandstone, 
containing  white  pebbles,  and  disintegrates  into  a  fine  sand,  well  adapted  for  making 
glass. 

The  next  openings  are  on  the  S.  side  of  the  creek,  two  miles  above  the  forks.  The 
upper  bed  occurs  near  the  top  of  the  hill  ;  it  is  4  feet  thick,  including  some  .small 
seams  of  slate  and  fire-clay.  Over  it  lies  a  soft  and  very  tenacious  slate-clay,  4  feet 
thick.  The  coal  is  good  ;  it  breaks  into  rectangular  pieces,  and  contains  much  mineral 
charcoal,  occasionally  in  seams  nearly  half  an  inch  in  thickness,  showing  the  fibrous 
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structure  of  the  coal  vegetation.    It  is  beautifully  marked  by  thin  alternating  lamina     Fig.  358.— Tangascootac 
of  dull  splint  and  sjjlendent  glance  coal.  A  bed,  supposed  to  be  the  same,  has  been  opened 

at  a  lower  level  in  a  N.W.  direction,  that  being  the  com-se  of  the  dip.  At  this  latter  place  its  total  thickness  is 
4  or  5  feet,  including  1  foot  of  dividing  fire-clay. 

Between  20  and  30  feet  under  this  occurs  another  coal-seam,  not  well  exposed,  but  apparently  2  feet  thick  ; 
upon  it  rests  2  feet  of  fire-clay,  and  over  that  1  foot  of  black  slate,  surmounted  by  more  than  10  feet  of  blue 
slate.    The  rocks  underneath  the  coal  are  entirely  concealed,  but  the  conglomerate  cannot  be  far  below. 

On  the  S.  side  of  the  Alleghany  Mountain  there  are  two  small  benches  near  the  summit,  at  some  height 
above  the  steep  slope,  caused  by  the  conglomerate.  The  lower  of  these  contains  the  "brown  I'ock,"  while  the 
upper  one  probably  embraces  a  bed  of  coal. 

The  hills  N.  of  the  North  Fork  constitute  the  N.  margin  of  this  coal-basin.  They  are  higher  than  the  hills 
around,  being  capped  by  the  conglomerate.  Between  the  N.  and  S.  forks  Coal-measures  extend  through  the 
hiUs  for  some  distance.  Indications  of  i?'o?i  07'e  present  themselves  in  the  Umbral  Red  Shales,  in  a  ravine  2 
miles  above  the  forks.  Between  5  and  6  miles  from  the  mouth,  the  Coal-measures  are  within  75  feet  of  the 
beds  of  the  streams,  the  hills  rising  about  250  feet  higher.  Further  W.,  the  surface  becomes  smoother,  and 
the  extent  of  country  «mbracing  the  Coal-measures  much  greater.  The  distance  across  the  basin,  from  the 
Alleghany  Mountam  to  the  hills  N.  of  the  North  Fork,  is  apparently  about  5  miles,  but  the  actual  area  of  the 
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coal  is  more  circumscribed,  owing  to  the  numerous  valleys  of  denudation.  In  the  district  described,  the  indica- 
tions of  iron  ore  among  the  Coal-measures  are  unpromising. 

This  basin  is  prolonged  across  the  head-streams  of  Beech  Creek,  and  embraces  the  Coal-measures  at  Snow- 
shoe  and  Philipsburg,  which  will  now  be  considered,  premising  that,  where  the  waters  of  Beech  Creek  inter- 
lock with  those  of  Tangascootac,  we  find  that  the  Coal-measures,  hitherto  formiuo-  a  narrow 
strip  along  the  S.  Branch  of  the  TaiJgascootac,  gradually  widen  and  recede  from  the  moun- 
tain as  we  trace  them  towards  the  S.W.    As  the  main  stream  of  Beech  Creek  flows  close 
,  0-70  0  to  the  N.W.  foot  of  the  momatain,  we  meet  with  none  of  the  productive  Coal-measures 
immediately  on  either  side  ;  its  hills  consisting  of  the  sandstones  of  the  Serai  conglomerate, 
no  coal  nor  any  indications  of  it  could  be  detected.    The  nearest  outcrop  of  a  coal-seam  is 
one  which  occurs  a  little  N.  of  the  turnpike,  and  which  is  about  4  miles  N.W.  of  the  E- 
Fig.  359.— Beech  Creek,    summit  of  the  mountain.    This  coal  lies  between  60  and  70  feet  above  the  top  of  the 
silicious  conglomerate.    The  Ijed  is  4  feet  4  inches  tjiick,  and  contains  a  thin  seam  of  slate. 
The  coal,  which  is  good,  has  been  mined  to  some  extent.    It  may  be  traced  over  a  con- 
,,.3^, siderable  range  of  country,  by  a  bench  or  little  terrace,  which  marks  its  outcrop  near  the 
summits  of  the  hills.    This  indentation  near  the  tops  of  the  hills,  rising  and  becoming  in- 


FiG  360— Snowshoe    '^1^^^"^'^*'     ^he  edge  of  the  coal-basin,  disappears  entirely  about  H  miles  E.N.E.  of  Snow- 
shoe.    Three  quarters  of  a  mile  N.  of  the  spots  where  the  coal  is  opened,  we  discern  the 
smut,  which  marks  the  outcrop  of  the  coal  at  "  Lucas's  Sugar  Camp,"  where  an  excavation,  formerly  made, 
has  now  caved  in,  hiding  the  thickness  of  the  coal.    The  report  throughout  the  neighbourhood  is,  that  the  bed 
is  9  feet  thick,  and  contains  a  band  of  clay  8  inches  thick. 

At  the  principal  mine,  which  is  on  the  turnpike,  the  coal-bed  is  6  feet  thick,  including  a  layer  of  cannel 
coal,  6  inches  thick,  which  runs  through  the  middle.  The  roof  here  is  also  of  slaty  cannel  coal,  the  body  of 
the  seam  being,  however,  a  beautifully  brilliant  and  pure  glance-coal,  eminently  suited  to  gas-making.  It  has 
a  very  sensible  dip,  inclining  at  an  angle  of  several  degrees,  and  to  an  unusual 'quarter,  the  N.E.  and  N.  Dming 
the  winter  months  coal  in  consideiable  quantity  is  transported  from  this  mine  to  the  country  E.  of  the  Alleghany 
Mountain.    It  is  quite  probable  there  may  be  one  or  two  coal-seams  beneath  the  main  coal. 

Overlying  the  seam  just  described,  we  find,  where  the  hills  are  high  enough,  another  bench  or  indentation, 
marking  a  coal-seam,  between  20  and  30  feet  above  the  former.  This  coal  ajjpears  to  be  thin  and  unpromising. 
Iron  ore,  though  in  small  quantity,  occurs  in  a  bed  of  brown  shale  beneath  the  first  or  lower  coal-seam.  This 
district  is  now  about  to  be  fully  developed  under  the  auspices  of  a  Philadelphia  Company. 

In  the  country  extending  many  miles  N.E.  from  Snowshoe,  we  find  a  range  of  "  highlands  "  along  the 
heads  of  the  N.W.  Branches  of  Beech  Creek,  where  the  rocks  next  beneath  the  Coal-measures  occupy  the  entire 
sm-face.  These  owe  their  elevation  to  the  range  of  the  first  axis  W.  of  the  Alleghany  Mountain.  Like  the  rest 
of  the  high  belts  between  the  coal-basins,  the  surface  of  this  region  is  rugged  and  stony,  and  ill  adapted  to  tillage, 
while  it  is  wholly  worthless  in  mineral  productions.  The  iron  ore  appertaining  to  the  Umbral  Red  Shale  may 
be  met  with  in  its  usual  position,  just  below  the  conglomerate,  but  possesses  little  value  in  a  country  so  mid 
and  destitute  of  coal.  Indications  of  this  ore  appear  in  springs,  depositing  much  bog-ore  in  a  more  accessible 
region  lying  S.  of  the  turnpike.  These  occur  between  the  two  branches  of  the  Moshannon,  on  the  line  separating 
the  lauds  of  Jacob  Gratz,  Esq.,  from  those  of  the  Portland  Lumber  Company,  and  again  about  a  mile  up  the 
Big  Moshannon,  S.  of  the  point  where  the  "  Indian  Path  "  crosses  it. 

In  tliis  neighbourhood,  the  first  coal  which  shows  itself,  as  we  pass  W.  from  the  ridge  of  the  Alleghany, 
occms  in  the  hills  along  the  Indian  Path,  near  the  mouth  of  the  Little  Moshannon.  Two  benches,  marking  two 
different  coal-seams,  were  traced  along  these  hills.  Descending  to  the  Little  Moshannon,  we  meet  the  "  brown 
rock,"  or  the  sandstone  below  the  lowest  coal-seam,  finely  exposed  in  the  steep  hill-slopes;  and  just  beneath  this, 
the  coarser  beds  of  the  Serai  conglomerate.  The  strata  here  dip  4°  to  the  N.E.  Indications  of  two  good  coal- 
beds  were  met  with,  where  the  "  Indian  Path  "  diverges  from  the  Karthaus  Road. 

Prom  a  little  above  the  mouth  of  the  Little  Moshannon,  nearly  to  Pliilipsburg,  no  coal  was  discovered  along 
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the  S.E.  side  of  the  Main  or  Big  ]\Ioshaimon,  but  at  Philipsburg  and  S.,  up  Cold  Stream,  coal  occurs  abun- 
dantly to  within  U  miles  of  the  E.  crest  of  the  mountain.  Six  miles  N.E.  of  Philipsburg  there  are  indications 
of  the  Umbral  ore  upon  the  turnpike  near  the  Moshannon  ;  it  lies  under  the  coarse  sandstone  of  the  Serai  con- 
glomerate, which  here  constitutes  the  principal  part  of  the  hills.  This  ore  is  deserving  of  thorough  investigation. 
Below  this,  on  the  Creek,  springs  depositing  bog-ore  are  frequent.  The  red  shale  forms  the  bottom  of  the  valley 
of  the  Little  Moshannon  near  its  mouth. 

Philipsburg. — The  principal  mines  wrought  in  the  valuable  district  around  Philipsburg  are  on  the  N.  side 
of  the  Moshannon,  opposite  the  village. .  The  following  section,  compiled  from  measurements 
obtained  at  the  spot,  will  show  the  number  and  relative  position  of  the  several  beds  : —        ,  n.l^^mmm 

Covering  rocks,  thickness  not  gi-eat ;  Coal,  4  feet  ;  Fire-clay,  2  feet ;  Calcareous  Slate,  8  rJ^^: 
inches  ;  Blue  compact  Shale,  or  indurated  clay,  14  inches  ;  Ferruginous  Shale,  2  feet  ;  Limestone,  ' 
blue,  ferruginous,  5  feet;  Sandstone  and  Slate,  19  feet ;  Coal,  good,  4  feet  4  inches  ;  Fire-clay,  2  ~= 
feet;  Limestone,  ferruginous,  passing  into  iron  ore,  2  feet;  Sandstone,  16  feet ;  Coal,  in  Creek  pt^ii^^°rg^™°"' 
bed,  20  inches.— (See  Fig.  361.) 

The  midfUe  coal-seam,  represented  in  the  above  section,  the  only  one  now  wrought,  is  mined  to  a  considerable 
extent.  It  is  4  feet  4  inches  thick,  is  of  sound  texture  and  excellent  quality  throughout,  and  will  afford  solid 
blocks  of  coal  the  whole  thickness  of  the  bed,  and  as  much  as  8  feet  in  length.  The  upper  coal-bed  of  the  section 
is  stated  to  have  been  open  formerly,  and  foimd  4  feet  thick.  From  the  low  position  of  these  beds,  they  nmst 
range  through  a  ^vide  extent  of  country.  A  shaft,  sunk  by  us  2  miles  W.  of  the  above  locality,  brought  to  light 
a  bed  of  coal,  which  is  either  the  uppermost  of  the  section  or  a  still  higher  seam.  The  strata  passed  through  will 
be  seen  from  the  following  section  : — 

Olive  Shale,  10  feet;  Coal,  4  feet;  Fire-clay,  2  feet ;  Decomposed  ferruginous  calcareous  Sandstone,  3^  feet; 
Nodular  Limestone  in  shale. 

Throughout  the  country  immediately  N.  of  Philipsburg,  a  brown  iron-ore  is  found  loose  in  the  fields  ;  it  is 
possibly  derived  from  the  ferruginous  stratum  mentioned  in  the  section.  The  appearances  at  several  localities 
are  such  as  should  induce  a  more  thorough  examination  by  the  proprietors.  One  spot  is  on  the  turnpike,  3 
miles  N.W.  of  Philipsburg,  and  another  2  miles  N.  of  the  village.  Examinations  were  once  made  at  the  latter 
place  for  hematitic  ore,  with  the  anticipation  that  it  would  prove  like  that  of  the  limestone  valleys  E.  of  the 
mountain ;  but  the  operations  were  abandoned.  A  third  locality  is  on  Geerhart's  Farm,  near  the  Creek,  1  i 
miles  S.W.  of  Philipsburg.  Here  loose  pieces  of  limestone  occm-,  associated  with  the  ore.  It  is  probable  that 
aU  these  exposures  belong  to  the  same  part  of  the  formation. 

Coal  occurs  in  abundance  on  the  farm  of  John  Goss,  about  5  miles  W.S.W.  from  Philipsburg,  and  6  miles 
from  the  summit  of  the  mountain.  This  is  on  the  N.W.  side  of  the  Moshannon,  1|  miles  S.E.  of  a  high  ridge, 
supposed  to  contain  the  first  axis.    The  following  section  exhibits  the  geological  position  of  the  coal  at  this  place  : — 

Coarse  brown  Sandstone  ;  Black  Slate  ;  Coal  too  near  the  surface  to  be  wrought,  7  feet  ;  Interval,  20  feet,  rock 
unknown ;  Coal,  2  feet ;  Interval,  1.5  feet ;  Coal,  6  feet  2  inches  ;  Slate,  8  inches  ;  Coal,  2  feet ;  Limestone,  thickness  un- 
known ;  Ore.— (See  Fig.  363.) 

The  lowest  coal-seam  being  separated  into  two  beds,  only  the  uppermost,  which  is  6  feet  thick,  is  worked. 
It  affords  an  excellent  sound  coal,  free  from  sulphur  and  slate.  This  seam  exhibits  that  tendency  to  a  columnar 
structure  which  is  so  common  a  feature  in  the  coal  of  all  the  basins  immediately  contiguous  to  the  Alleghany 
Mountain.  From  its  low  position,  in  reference  to  the  other  strata,  it  ranges  over  a  considerable  extent  of  coimtry. 
The  uppermost  coal-seam  in  the  section  occurs  so  near  the  top  of  the  hiU  as  to  be  too  soft  and  dirty  to  work  ; 
from  the  same  cause  it  does  not  spread  over  much  extent  of  surface. 

Coal  occurs  at  two  or  three  other  places  in  this  neighbourhood,  showing  a  thiclvuess  of  about  4  feet  ;  but 
whether  these  localities  belong  all  of  them  to  one  seam  or  to  two,  could  not  be  ascertained. 

From  Philipsburg,  S.W.,  the  centre  of  the  basin  coincides  very  nearly  with  the  general  course  of  the  Moshan- 
non Creek,  the  strata  on  each  side  dipping  gently  towards  the  stream.    The  coal-beds  along  the  S.E.  side  of 
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Fig.  362.-Coal  Hill. 


the  basin  have  been  developed  in  the  dividing-ridge  between  Cokl  Stream  and  Trout  Run,  called  "  Coal  Hill." 
The  lowest  bed  at  this  place  has  its  outcrop  about  a  mile  and  a  half  N.W.  of  the  summit.  It  was  found  to  con- 
tain 5|  feet  of  coal,  resting  on  more  than  6  feet  of  excellent  fire-clay.  The  fire-clay  lies  withm  6  or  8  feet  of 
the  top  of  the  Serai  conglomeritic  rock,  the  "  Brown  Rock"  being  here  absent. 

About  50  feet  above  this  coal-bed  occurs  another,  9  feet  thick,  divided  into  tAvo  seams,  by  10  inches  of 
interposed  slate,  2  feet  from  the  bottom.  The  upper  division,  6  feet  tldck,  is  alone  worked. 
This  coal  is  of  sounder  textm^e  than  most  of  that  near  the  mountain,  admitting  of  being 
mined  in  large  square  blocks.  It  is  free  from  sulphuret  of  iron.  This  same  bed  has  been 
opened  2  miles  nearer  to  Philipsburg  ;  it  and  the  lowest  seam  have  been  estimated  to 
occupy  as  much  as  4  square  miles  of  surface  in  the  country  between  Trout  Run  and  Cold 
Stream.  The  thick  upper  bed  here  mentioned  lies  at  a  level  250  feet  below  that  of  the 
summit  of  the  mountain  at  "  Emigh's  Gap,"  which  is  about  \  miles  distant.  In  Coal  Hill 
we  have  indications  in  the  benches  on  the  siu-face,  of  at  least  three  other  coal-seams — the 
smuts  of  oidy  two  of  which  are  penetrated  ;  one  proved  to  be  18  inches  thick,  and  the  other 
4  inches  ;  no  attempt  was  made  to  open  the  ujjpermost.  These  benches,  or  indentations  on 
the  sides  of  the  hills,  when  distinctly  marked,  are  unerring  indications  of  the  presence  of 
beds  of  coal.    The  dip  is  about  5°  N.W.— (See  Fig.  362.) 

Examinations  were  made  in  this  vicinity  in  search  of  the  iron  ore  of  the  Umbral  red 
shale,  some  old  openings  giving  promise  that  the  ore  might  here  be  found.    The  excava- 
tions, commenced  by  ourselves,  were  prosecuted  with  much  spirit  by  !Mr  Philips.    Ore  has 
been  found  in  several  spots  accompanying  the  white  and  red  clay,  or  decomposed  shale,  immetliately  below  the 
grits  of  Serai,  but  the  coming  on  of  winter  prevented  the  proprietor  from  determining 
the  thickness  of  the  deposit  and  quality  of  the  ore.    A  rather  thick  ferruginous  bed 
does  occur  here,  but  no  specimens  have  yet  come  to  hand,  enabling  us  to  pronomice  upon 
its  value.    Should  this  locality  of  the  Umbral  ore  prove  productive,  the  place  would  unite 
many  advantages  for  the  estabUshment  of  iron  works,  lying  near  the  fertile  valleys  E.  of 
the  mountaia,  .and  possessing  an  abundant  supply  of  coal,  excellent  fire-clay  and  sandstone, 
a  sufficiency  of  limestone  and  excellent  timber,  both  oak  and  pine,  and  an  ample  water-power 
on  Cold  Stream.  The  country  here  abounds  in  excellent  white  pine,  which  is  always  best  towards  the  heads  of  the 
streams.    Cold  Stream  now  drives  a  large  sawmill  and  a  forge.    During  the  vsdnter  months,  coal  in  considerable 
amount  is  hauled  by  the  route  of  Miller's  Gap,  into  the  valleys  S.E.  of  the  mountain,  where  it  is  sold  at  the  rate 
of  fifteen  cents  per  bushel. 

On  the  Eastern  Fork  of  the  W.  Branch  of  Muddy  Run,  on  the  comity-line  dividing  Clearfield  from  Cambria, 
there  occurs  a  large  deposit  of  rich  bog-ore,  covering  about  2  acres,  and  farther  do^TO  the  run,  for  a  mile  and  a 
half,  the  springs  in  many  places  deposit  the  same  ore  in  the  form  of  a  red  ochre.  This  material  is  probably 
derived  from  the  Umbral  red  shale,  the  surface  on  the  Western  flank  of  the  mountain  sloping  rapidly  to  this  point. 
A  sandstone,  corresponding  in  character  to  the  Serai  conglomerate,  shows  itself  in  the  steep  slope  above  the  flats 
of  the  stream  ;  it  is  probably  between  30  and  35  feet  thick.  Four  other  benches  appear  higher  up,  the  second 
of  these,  ascending,  is  watered  by  a  spring,  and  the  third  and  fomth  exhibit  signs  of  coal  and  fire-clay.  It  is  said 
that  springs  depositing  bog-ore  occur  in  many  places  along  the  summit  of  the  mountain,  in  a  position  answering 
to  that  of  the  Umbral  ore,  and  in  some  places  in  sight  of  the  furnaces  and  forges  in  the  valleys  below. 

Mount  Pleasant. — In  this  neighbourhood  we  meet  with  numerous  indications  of  coal  and  limestone,  though 
the  inhabitants  have  rarely  been  at  the  trouble  to  develop  either.  Only  one  coal-bed,  2  feet  thick,  has  hitherto 
been  opened,  though  the  benches  in  the  hdls,  and  the  smut  exposed  in  the  fields,  imply  the  existence  of  three 
other  seams. 

Along  Clearfield  Creek,  near  Blain's  Run  and  Turner's  Run,  coal,  fire-clay,  and  limestone  are  abundant,  and 
judging  from  the  evidences  of  iron  ore,  enough  of  this  mineral  may  possibly  be  found  to  make  this  a  valuable 
locality.    A  Uttle  up  Blain's  Run  there  is  a  bed  of  good  coal,  5  feet  thick,  near  the  level  of  the  stream,  and  under 
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it  14  feet  of  fire-clay,  a  part  of  which  is  well  adapted  for  making  stone-ware,  and  the  rest  fire-brick.  A  manu- 
factory of  the  latter,  owned  by  Mr  Campbell,  was  established  here,  which  yielded  sometimes  fifteen  hundred  bricks 
per  day.  Different  varieties  of  good  stone-ware  have  also  been  manufactured  to  some  extent.  Other  seams  of 
coal  and  indications  of  iron  ore  occur  higher  up  in  the  same  hUl,  above  the  coal  already  spoken  of 

Farther  down  Clearfield  Creek,  a  Little  above  Porter's  Run,  there  are  three  beds  of  coal,  two  of  which  are 
each  2  feet  tliick,  the  other  3  feet.  There  is  also  a  bed  of  limestone  4>  feet  thick.  Good  kidney-ore,  sometimes 
in  one,  sometimes  in  three  bands,  may  be  traced  along  the  edge  of  the  creek  for  several  miles.  The  nodules  are 
occasionally  very  large,  but  it  is  feared  the  quantity  is  insufficient  to  warrant  mining.  In  this  neighbourhood 
other  beds  of  limestone  were  met  with. 

On  the  top  of  the  hill  near  the  Little  Meeting-house,  at  Mount  Pleasant,  and  occupying  the  highest  position 
in  the  neighbourhood,  is  a  tliin  bed  of  very  impure  limestone,  of  a  brown  and  greenish  colour,  which  breaks  into 
square  massive  chunks.    It  is  useless  for  any  economical  purposes. 

Farther  down,  probably  80  feet,  are  slight  indications  of  a  coal-bed.    It  has  not  been  explored. 

Near  the  level  of  the  run  at  Mount  Pleasant  is  another  bed  of  limestone,  having  above  it  a  coal-seam,  with 
fire-clay  interposed.  Above  the  whole  is  a  bed  of  sandstone.  The  mineral  characters  lead  us  to  suppose  these 
beds  to  be  Freeport  Limestone  and  Upper  Freeport  Coal.  If  so,  as  the  strata  outcrop  towards  the  Alleghany 
Mountain,  another  bed  of  limestone  ought  to  be  elevated  in  the  trough  ;  but  the  thick  soU  and  detritus  from  the 
limestone  hills  beyond  cover  up  its  outcrop. 

The  limestone  bed  seen  on  the  Ebensburg  Turnpike,  2  miles  W.  from  the  summit,  is  beheved  to  be  the  same 
as  that  of  Mount  Pleasant.  Its  mineral  character  is  precisely  the  same,  and  it  is  overlaid  by  sandstone,  but  the 
coal  and  fire-clay  are  absent.    Some  40  or  60  feet  lower  down  is  a  coal-seam  of  inconsiderable  thickness. 


CHAPTER  VIII. 

SECOND  BASIN  TRACED  FROM  THE  SUSQUEHANNA  S.W.  INTO  CAMBRIA  COUNTY. 

The  rocks  upon  the  Susquehanna  from  the  mouth  of  the  Tangascootac,  are  almost  horizontal,  but  an  axis 
(No.  1)  may  be  observed  crossing  the  river  within  3  or  4  miles  above  the  mouth  of  Rattlesnake  Run.    Here  the 
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Fig.  364. — Section  along  the  Susquehanna  West  Branch  at  Rattlesnake  Run,  showing  the  Vesjiertine  Cliffs. 


upper  members  of  the  Ponent  series  form  the  base  of  the  mountain,  while  the  massive  Vespertine  grey  sandstone 
stand  out  upon  the  precipitous  sides,  half-way  up  their  slopes.  For  beauty  and  majesty  the  scenery  is  not  sur- 
passed by  that  of  any  other  portion  of  the  Union  ;  while  the  clearness  with  which  its  features  are  defined  will 
afford  the  student  of  diluvial  agencies  the  amplest  scope  for  minute  and  varied  observation.  The  entrance  into 
the  main  valley  of  innumerable  side-drains,  down  the  channels  of  which  currents  of  every  variety  of  volume,  force, 
and  direction  have  swept,  complicates  the  problem,  and  at  the  same  time  greatly  heightens  the  interest  excited 
in  its  solution.  The  conflict  and  reactions  of  currents  have  frequently  given  birth  to  eddy-formed  hUls  of  the 
most  regular  and  interesting  shapes,  widespread  plateaus,  scooped  hollows  in  the  mountain-sides,  and  lines  of 
perpendicular  escarpment,  not  simply  displaying  fine  exposures  for  the  fossilist,  but  features  worthy  of  accurate 
investigation  by  the  natural  philosopher.  The  section  above  (Fig.  364)  represents  some  of  these  cliffs  in  the 
neighbourhood  of  the  entrance  of  the  Rattlesnake  Run  Valley  ;  the  following  (Fig.  365)  shows  a  series  of  em- 
bouchures upon  the  same  E.  side  of  the  valley,  but  higher  up  towards  Young  "Woman's  Town. 

The  grey  Vespertine  rocks,  forming  the  cliffs  shown  in  this  Section,  are  about  50  feet  thick,  and  everywhere 
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superposed  upon  a  stratum  of  conglomerate  from  5  to  10  feet  thick  :  this  is  first  remarked  upon  the  river  at  a 
spot  just  hehw  Farrandsville.    Among  the  alternations  below  this  conglomeritic  layer,  as  they  are  seen  upon  the 


(AneddyhiUI  llAxit  liattlanake  Run 

Fig.  365. 

road  after  it  has  passed  Rattlesnake  Run,  going  Northward,  may  be  observed  whitish  flaggy  sandstone  with  a 
marked  Vergent  lithological  tj^e,  tinted  red  where  weathered.  Below  this  massive  stratum  occur.  Red  sandstone, 
2.0  feet ;  Red  shales,  20  feet ;  Massive  red  sandstone,  10  feet ;  contorted  irreg-ularly-depcsited  grey  sandstone,  20 
feet.  Red  sandstones  in  regular  series,  and  very-  massive,  follow  the  above  as  the  main  body  of  the  Ponent  series, 
and  descend  below  water-level. 

Coal  is  not  found  anywhere  between  Tangascootac  and  Yoimg  Woman's  Town  ;  but  a  company,  owning 
lands  about  the  head  of  Hiner's  Run,  are  said  to  have  been  engaged  in  opening  seams  identifiable  with  those  of 
Lick  and  Queen's  runs. 

Blocks  of  the  Serai  conglomerate  occur  everywhere  along  the  river,  especially  through  "  the  narrows,"  or 
dry  road  along  the  mountain-side  below  Rattlesnake  Run,  and  above  Farrandsville.  The  pebbles  are  larger  than 
a  common  pea. 

Upon  the  surfaces  of  this  rock,  lying  beside  the  road,  where  the  State  Engineer  Corps  were  engaged  in 
blasting  out  the  bed  of  the  Erie  Extension  Canal,  may  be  observed  abundant  sections  of  a  species  of  silico-ferru- 
ginous  concretions,  sometimes  concentric,  and  of  all  sizes  from  a  diameter  of  5  inches  downwards. 

Immediately  N.  of  the  river,  above  the  mouth  of  Young  Woman's  Creek,  the  basin  is  very  shallow,  only  a 
thin  remnant  of  the  Coal-measures  capping  the  veiy  highest  hills.  W.  of  the  mouth  of  Kettle  Creek,  coal  was 
once  opened  3  miles  from  the  river  up  Cook's  Run,  where  it  was  stated  the  coal  was  4  feet  2  inches  thick,  divided 
in  the  middle  by  2  inches  of  slate.  At  a  somewhat  lower  position  in  the  hiU,  between  the  Serai  conglomerate 
and  the  "  brown  rock,"  a  bench  occurs  which  may  denote  another  coal,  though  none  is  at  present  known  to  exist 
here.  A  bed,  corresponding  to  that  above  mentioned,  is .  said  to  have  been  once  opened  on  the  S.  side  of  the 
river,  opposite  the  mouth  of  Cook's  Run. 

A  little  S.E.  of  the  last  locality  the  land  rises  by  the  cropping-out  of  the  lower  formations  that  fold  gently 
over  the  anticlinal  axis  separating  the  First  and  Second  basins.  At  the  mouth  of  the  Sinjiemahoning  the  red  and 
grey  flaggy  rocks  reach  a  height  of  fully  150  feet  above  the  water,  but  only  emerge  above  the  river-flats  at  the 
mouth  of  Cook's  Run.  The  hills  around  the  head  of  Cook's  Run  are  very  high,  but  consist  of  formations  which 
forbid  the  hope  of  finding  coal.  The  Umbral  iron-ore  may  perhaps  underlie  the  conglomerate  on  the  hiUs, 
though  the  probability  is  slender  of  its  being  of  sufficient  thickness  to  be  profitable. 

From  a  point  several  miles  below  Karthaus,  the  Coal-measiu-es  in  the  river-hills  are  qiute  productive, 
embracing  several  bands  of  iion  ore,  limestone,  and  some  excellent  coal-seams  ;  and  near  Three  Rims  we  have, 
besides,  promising  indications  of  the  ore  peculiar  to  the  upper  Umbral  red  shales. 

The  coal-basin  deepening  gradually  as  we  ascend  the  river,  the  large  upper  bed  at  Karthaus  does  not  enter 
the  hills  ixntil  we  pass  above  the  neighbourhood  of  Three  Runs.  At  the  latter  locality  occurs  a  bed  of  coal  3 
feet  2  inches  thick,  which  has  been  opened,  associated  with  a  layer  of  limestone  and  one  of  fire-clay.  Openings 
were  once  made  into  a  coal-bed  and  band  of  iron  ore  on  the  S.  side  of  the  river,  at  a  point  high  lip  in  the  hills  ; 
but  the  success  of  the  exploration  is  unknown.  Tracing  the  coal-rocks  back  from  the  river  for  2  or  3  miles  in 
this  direction,  we  find  them  gradually  rising  until  they  appear  finally  only  in  the  highest  knobs,  beyond  which 
they  are  succeeded  by  the  coarse  beds  of  the  Serai  conglomerate,  expanded  over  the  elevated  tract  designated 
"  Highlands  "  on  the  State  Map. 

On  Birch  Island  Run,  which  enters  the  Susquehanna  below  Karthaus  near  the  county-line,  and  30  miles 
N.E.  of  Clearfield,  several  beds  of  coal  have  been  developed  on  the  property  of  Dr  Lorain.  The  most 
important  of  these  is  opened  on  the  hill  between  the  forks  of  the  stream.  The  bed  is  said,  by  those  who  proved  it, 
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to  be  6  feet  thick,  and  is  regarded  as  the  big  Karthaus  Bed  A  still  higher  seam — 4  feet  thick — is  found  in 
the  hill-tops,  about  30  feet  over  the  large  bed.  Iron  ore  is  found  associated  with  the  shales  enclosing  it. 
Beneath  the  large  coal— tO  feet — a  stratum  of  limestone  3  feet  thick  outcrops.  On  the  same  property  farther 
W.  two  other  coal-beds  have  been  opened.  Tliey  are  reported  as  measuring  2^  and  4  feet  respectively,  and 
occupy  a  position  lower  in  the  series  than  the  large  seam. 

At  Karthaus  the  coarse  sandstones  and  pebbly  rocks  of  the  upper  part  of  the  Serai 
conglomerate  occupy  the  bed  of  the  Susquehanna.    The  strata  here  dip  about  5°  towards 
the  N.W.,  and  preclude  therefore  any  hope  of  finding  the  iron  ore  associated  with  the 
upper  layers  of  the  Umbral  red  shales.    At  Tlu^ee  Runs  lower  down  the  river  the  gentle 
rismg  of  the  strata  may  bring  this  part  of  the  series  into  view,  as  "already  mentioned.  The 
ore  was  here  sought  for  just  previous  to  the  abandonment  of  the  enterprise  at  Karthaus. 
A  still  more  suitable  spot  will  be  on  the  S.E.  side  of  the  river,  directly  opposite  the  Kart- 
haus Mines,  on  a  small  run  divided  from  the  river  by  two  knolls.  Here  the  conglomerate  v.kc.^  io- 
forms  a  perpendicular  wall  25  feet  high,  the  stratum  dipping  at  an  angle  of  5°.  The 
Umbral  iron-ore  should  be  searched  for  immediately  at  the  base  of  this  rock.    Mr  John  ^-  ^-  '■■  *  °" 
James,  the  chief  miner  of  the  Karthaus  Furnace,  when  it  was  in  operation,  compiled  with 
considerable  care  a  general  section  of  the  strata  from  the  water-level  to  the  summits  of  the  k.  c 
hills  near  the  fm-nace.    This,  with  a  few  trivial  additions  to  the  column,  is  as  follows  : — 

Slaty  Sandstone  (up  to  the  summit  of  the  hill,  565  feet  above  the  river)  said  to  contain 
a  coal-bed  2  feet  thick,  79  feet.  Black  Slate,  1  foot.  Coal  (elevation,  479  feet),  6  feet ;  fire- 
clay, poor,  2^  feet.  Brown  Sandstone,  45  feet.  Coal,  10  inches;  fire-clay,  2  feet.  Limestone, 
silicious,  3^  feet.  Shale,  1  foot.  Brown  Sandstone,  26  feet.  Coal,  3  feet.  Slate,  feet.  Grey  Sand- 
stone, 37  feet.  Coal,  3  feet  2  inches  ;  shale,  containing  26  inches  of  good  kidney-form  iron-ore  (ele- 
vation, 345  feet),  11  feet.  Coal,  1  foot.  Brown  Sandstone  and  Slate,  21  feet.  Coal,  1  foot  ;  slate, 
3  inches.  Co«Z,  2|  feet  j  fire-clay,  2|  feet.  Brown  Sandstone,  35  feet.  Coal,  1 1  feet ;  fire-clay, 
ferrugiuous,  3  feet;  shale,  containing  25  inches  of  good  iron-ore,  called  the  "red  ore  band'' 
(elevation,  268  feet),  11  feet  9  inches.  Shale  and  slates,  22  feet.  Coal,  1  foot.  Sandstone,  "the  Brown  Eock." 
thin.    Serai  Conglomerate,  down  to  the  river,  240  feet. — (See  Fig.  366.) 
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Fig.  366. — Karthaus. 
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There  are  in  all  10  coal-seams  of  gi-eater  or  less  size  in  tliis  part  of  the  basin.  The  thick  bed  near  the  top 
is  the  only  one  hitherto  mined.  Lying  near  the  summits  of  the  hills,  it  does  not,  in  the  immediate  vicinity  of 
the  furnace,  occupy  more  than  about  43  acres,  though  it  enters  a  few  small  knobs  to  the  N.  and  to  the  S.W., 
where  the  covering  strata  are  tlnn.  This  bed  is  altogether  G  feet  thick,  but  this  includes  1  foot  of  inferior 
coal,  near  the  top,  which  is  not  mined ;  the  remainder  of  the  seam  consists  of  very  excellent  coal,  adapted  to 
making  a  superior  coke.  Lower  down  in  the  measures  occur  two  important  beds  of  iron  ore.  One  of  these,  at 
an  elevation  of  345  feet  above  the  river,  is  estimated  to  contain  in  all  2  feet  of  good  blue  kidney-ore  in  11  feet 
of  shale.  The  other  stratum  lies  at  an  elevation  of  268  feet.  It  also  exhibits  about.  2  feet  of  good  kidney  ore 
in  a  stratum  of  shale  less  than  12  feet  thick.  This  band  is  locally  called  the  "  red  ore,"  and  is  of  a  different 
variety  from  that  above  it ;  they  are  both  of  excellent  quality. 

The  limestone  of  this  neighbom-hood  is  for  the  most  part  inferior  ;  only  one  bed  of  it,  3i  feet  thick,  occurs 
in  the  series.  Besides  the  thick  ujjper  coal  there  are  three  others  of  a  size  suitable  for  mining,  one  of  which  is 
3i  feet  thick,  and  the  two  others  each  3  feet ;  but  none  of  these  sup^^ly  as  jjure  a  coal  as  the  main  seam. 

Nine  miles  above  this,  on  the  river,  the  "  red  ore  "  has  been  found,  and  is  stated  to  be  thicker  than  at 
Karthaus.  Three  miles  higher  up  there  occurs  a  bed  of  coal  near  the  summits  of  the  highest  hills,  which 
measures  4  feet  4  inches  in  thickness  ;  this,  there  is  some  reason  to  suppose,  is  part  of  the  main  Karthaus  seam. 
Between  the  two  localities  mentioned  appears  a  bed  of  limestone.  In  this  neighbourhood  the  Serai  conglome- 
rate and  sandstone  occupy  a  position  near  the  flats  of  the  river.  The  Coal-measures  sjsread  but  a  moderate  dis- 
tance from  the  river  on  either  side,  the  underlying  conglomerate  rising  out  and  capping  the  hills  everywhere  from 
3  to  5  miles  fi'om  the  river. 
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Much  difficulty  was  experienced  in  the  district  around  the  town  of  Clearfield  in  identifying  the  coal-seams 
of  neighbouring  localities,  and  after  close  investigation,  aided  by  frequent  diggings,  the  stratification  remains 
quite  obscure. 

The  largest  and  best  coal-seam  in  this  division  of  the  basin  is  that  on  the  property  of  Mr  Thomas  Reed, 
near  the  bridge  over  the  Susquehanna,  two  miles  from  Curwinsville.  It  Hes  between  80  and  90  feet  above  the 
river,  dijiping  at  a  considerable  angle  to  the  N.W.  The  coal-bed  is  here  3  feet  6  inches  thick.  We  have  been 
told  that  1 00,000  Inishels  of  this  coal  have  descended  the  Susquehanna  to  Harrisburg.  It  forms  an  excellent 
fuel,  as  it  contains  but  little  sulphur.  Like  most  of  the  coal-beds  of  the  S.E.  bituminous  basins,  it  affects  a 
species  of  columnar  structure,  being  traversed  by  innumerable  vertical  fissures  which  lender  it  somewhat  friable. 
For  its  composition  consult  the  chapter  of  analyses. 

Near  Curwinsville  a  coal-seam  has  been  opened  atout  70  feet  above  the  river,  upon  the  hill-side,  by  William 
Irvin.  The  bed  measures  from  24  to  30  inches,  but  is  not  considered  good.  The  same  seam  has  been  wrought 
by  Isaac  Bloom,  a  mile  lower  down  the  river.  Here  the  coal  is  much  better,  and  is  only  20  feet  above  water-level. 
Between  these  two  points,  at  Holden's,  the  same  seam  is  40  feet,  and  on  Reed's  land,  H  miles  from  Curwinsville, 
it  is  but  12  feet  above  the  river.    These  facts  indicate  a  decided  E.  dip  of  the  coal. 

The  next  workable  seam,  the  equivalent  of  Reed's  Bed  before  mentioned,  is  perhaps  100  feet  above  the 
former.  It  has  been  opened  both  above  and  below  Curwinsville  on  the  higher  river-hills.  The  nearest 
mine  is  that  of  P.  Cams,  one  mile  S.E.  of  the  town.  The  seam  at  this  point  measures  3  feet  3  inches,  including 
a  band  of  slate,  the  usual  companion  of  the  bed,  2  inches  thick  and  9  inches  from  the  bottom.  Higher  up  the 
river  it  has  been  opened  by  Dr  Hoyt,  and  by  Mr  Bloom,  from  whose  mines  large  quantities  were  sent  down  the 
river  in  former  years,  and  by  others  4  or  5  miles  higher  up  it.  Underneath  this  coal  is  a  bed  of  limestone 
3  or  4  feet  in  thickness. 

The  following  is  a  section  of  the  coal  strata  in  the  vicinity  of  Curwinsville,  compiled  by  estimation : — 

Uuknown  strata  in  the  highest  hills,  100  feet  ;  Coal,  3  feet  3  inches  ;  Fire-clay,  2  feet  6  inches  ;  Limestone,  3  to  4 
feet ;  Shale,  including  two  thin  layers  of  coal,  25  -i-  feet ;  Unknown  strata,  75  feet  ;  Lower  Coal,  2  feet  to  2  feet  6 
inches  ;  Sandstone,  50  +  feet ;  Shale,  25  feet  to  river. 

One  and  a  half  miles  above  Cui'winsville,  on  the  river,  an  old  salt-boring  is  said  to 
have  penetrated  a  6-feet  bed  of  coal,  at  a  depth  of  100  feet.  This  stratum  should  be  per- 
haps 80  or  90  feet  below  the  river  at  the  town. 

High  on  Anderson's  Creek  Hill,  about  2h  miles  W.  of  Curwinsville,  a  coal  crops  out 
upon  the  turnpike.  About  40  feet  below  this  are  indications  of  ii-on  ore.  A  thick  covering 
of  debris  prevents  a  close  inspection  of  the  strata  upon  this  steeply-escarped  hiU-side. 

On  the  N.  side  of  the  river,  three-quarters  of  a  mile  above  the  town  of  Clearfield, 
occurs  a  stratum  of  fire-clay,  of  good  quality,  and  8  feet  thick.  Its  position  is  a  few  feet 
above  the  river-bank.  Oolitic  iron-ore,  seemingly  of  good  quality,  abounds  in  the  upper 
part  of  the  fire-clay,  2  feet  of  which  contains  about  1  foot  of  ore.  A  layer  of  similar  oolitic 
ore,  supposed  to  be  the  same,  exists  on  Clearfield  Creek,  near  the  water-side,  at  the  point 
of  the  Long  Bend,  amounting  to  nearly  2  feet  of  ore-balls  in  close  contact.  In  the  steep 
hill  above  this  bed  several  seams  of  coal  have  been  opened  by  Joseph  Irwin,  and  the 
following  strata  are  developed,  as  shown  also  in  the  accompanying  vertical  section  (Fig. 

F:o.  367.-Cunvinsvine.     ^67)  :- 

Hill-top,  20  +  feet  ;  Coal  smut,  0  ;  (F.)  Limestone,  nodular,  0  ;  Slaty  sandstone  and  shale,  100  +  feet ; 
(L.F.)  Coal,  18  inches  ;  Fire-clay,  2  feet  ;  Sandy  shale,  25  feet ;  Compact  obliquely-bedded  Sandstone,  25  feet  ;  Slate, 
25  feet;  (Kitt.)  Coal,  8  inches  ;  Slate,  5  feet  ;  Limestone,  6  to  7  feet  ;  Calcareous  iron-ore,  2  feet  ;  Sandy  shale,  60 
feet ;  Coal,  4  feet  6  inches,  in  two  benches,  the  lower  pyritous  ;  Fire-clay,  4  feet ;  Slaty  sandstone,  100  +  feet  ;  Coal 
1  foot  6  inches ;  Slate  with  ore  nodules,  12  feet ;  Coal,  6  inches  ;  Slate,  3  feet  to  river  at  low  water. 
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The  only  coal-bed  of  the  above  series  opened  for  mining  is  the  large  one  beneath  the  thick  limestone.  The 
limestone  is  quite  pure,  and  burns  to  a  good  lime. 

At  the  town  of  Clearfield  a  seam  of  good  coal  is  wrought  to  some  extent  on  the 
land  of  Mr  Moore.  It  lies  between  40  and  50  feet  above  a  stratum  of  sandstone  that 
occupies  the  bed  of  the  river,  and  measures  2  feet  10  inches  in  thickness.  The  outcrop 
of  another  shows  itself  near  the  top  of  the  hill,  a  mile  S.  of  the  town ;  this  seam  has 
nowhere  been  accurately  developed  On  the  hill-top,  E.  of  the  town,  a  coal  measur- 
ing several  feet,  is  said  to  have  been  opened  years  ago.  Two  small  beds  are  found 
below  Mr  Moore's,  but  are  imimportant.  No  limestone  has  yet  been  detected.  Moore's 
coal-seam  is  conceived  to  be  the  same  with  Owen's  Bed,  2  miles  up  Clearfield  Creek, 
where  the  coal  is  3  feet  thick,  and  of  excellent  quality.  Over  it  are  the  indications  of 
three  other  seams.  It  has  been  mined  in  another  place,  3  miles  up  the  creek,  where 
its  thickness,  however,  only  amoimts  to  20  inches.  Though  several  other  coal-beds 
occur  here,  this  lower  one  is  the  thickest  thus  far  discovered. 

Besides  the  band  of  iron  ore  already  noticed,  several  varieties  of  this  mineral 
occur  along  Clearfield  Cieek.  A  rather  peculiar,  rough-looking  ore,  in  large  masses, 
some  of  them  more  than  100  pounds  in  weight,  strew  the  surface  of  a  tract  of  land 
lying  a  mile  S.  of  the  old  turnpike.  The  mineral  is  heavy,  but  evidently  not  very 
rich  in  iron.  A  somewhat  similar  ore,  possibly  a  part  of  the  same  bed,  is  to  be  seen 
on  the  E.  side  of  the  creek,  at  Beer's,  where,  though  the  surface-indications  are 
encouraging,  the  quantity  of  the  ore  has  not  been  proved.  A  peculiar  compact  shale 
or  indurated  slate-clay,  of  a  bright  blue  colour,  accompanies  these  ores,  and  is  likewise 
found  in  association  with  another  variety,  3  miles  up  Little  Clearfield  Creek.  Here  the 
shale,  which  is  12  feet  thick,  is  less  blue  ;  scattered  through  it  are  small  balls  of  ore. 
Beneath  this  is  a  considerable  quantity  of  a  coarse  ore,  in  very  elongated,  somewhat 
cylindrical  masses,  like  bars  of  pig-metal.  It  does  not  appear  to  be  rich.  On  the  old 
milestone  W.  of  Philipsbm-g,  appear  two  seams  of  good  kidney-ore,  requiring  further  digging  in  order  to  deter- 
mine their  value.  On  the  new  turnpike,  near  Roaring  Run,  a  spring  issues  from  immediately  beneath  loose 
masses  of  conglomerate,  and  deposits  the  red  oxide  of  iron  in  a  large  bog.  This  spring  forms  a  stream  which 
propels  Bloom's  sawmill. 

It  is  probable  that  we  have  here  the  line  of  contact  of  the  Serai  conglomerate  with  the  Umbral  red  shales, 
and  the  presence  of  the  usual  band  of  ore  at  that  place  in  the  series. 

Between  Little  Clearfield  Creek  and  Mount  Pleasant,  the  whole  country  consists  of  Coal-measures,  none  of 
the  lower  formations  showing  themselves  in  the  position  of  the  anticlinal  axis,  which  elsewhere  separates  the 
First  and  Second  basins.  The  chief  feature,  indicating  the  existence  of  an  anticlinal  axis  between  Philipsbm-g  and 
Clearfield,  is  a  high  dividing-ridge,  where,  however,  none  of  the  lower  rocks  make  their  appearance.  The 
obscurity  in  the  outcrop  of  the  strata  along  Little  Clearfield  Creek  prevented  our  ascertaining  clearly  the  strati- 
fication in  that  neighbourhood,  to  determine  which  would  have  required  more  time  than  we  had  at  command. 

This  valley  shows  several  good  beds  of  limestone  and  some  coal.  At  Mr  Wright's,  above  Porter's  Run, 
there  are  three  coal-seams,  two  of  which  measure  each  2  feet,  and  the  other  3  feet  thick.  There  is,  besides  a 
bed  of  limestone  4  feet  thick,  one,  and  in  some  places  three,  layers  of  good  kidney-ore,  lying  in  shale,  which  can 
be  traced  along  the  banks  of  the  creek  for  several  mUes  ;  the  lumps  are  occasionally  very  large,  but  the  whole 
quantity  hardly  sufficient  to  pay  for  mining.  Going  from  Mount  Pleasant  towards  Curwinsville,  a  limestone  and 
an  overlying  coal  vein,  separated  from  each  other  by  only  a  short  interval,  are  seen  in  many  places.  It  is  supposed 
to  be  the  Freeport  Limestone,  with  its  Upper  Freeport  Coal,  and  is  undoubtedly  the  same  bed  with,  the  one  near 
the  run  at  Mount  Pleasant. 

Near  Curwinsville  these  strata  occupy  a  higher  level,  being  somewhat  nearer  to  the  second  anticlinal  axis. 
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Fig.  308.— Clearfield  Creek. 
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THIRD  BASIN  SOUTH  OF  THE  SINNEMAHOXING. 


According  to  the  section  made  at  Karthaus,  the  lower  ferriferous  limestone  is  wanting  in  that  locality,  as  the  bed 
of  limestone  noticed  in  that  neighbourhood  is  estimated  at  178  feet  above  the  second  great  Coal-measure  sand- 
stone, which  is  precisely  the  position  for  the  Freeport  Limestone. 


CHAPTER  IX. 

THIRD  BASIN,  FROM  THE  SINNEMAHONING  SOUTHWARD  INTO  INDIANA  COUNTY. 

Between  the  Karthaus  Hills  of  Coal-measures,  in  the  Second  Basin,  and  those  of  Bennett's  Branch,  in  the 
Third,  there  passes  a  wide  tract  of  elevated  barren  country,  consisting  of  the  coarse  rocks  of  Serai  conglomerate, 
which  are  here  lifted  to  the  surface  by  a  broad  and  flat  anticlinal  axis.  This  axis  of  elevation,  dividing  the  two 
coal-fields,  crosses  the  E.  Branch  of  Sinnemahoning  a  few  miles  above  its  mouth  ;  then,  curving  gently  South- 
v/ard,  it  passes  the  main  Sinnemahoning  at  the  mouth  of  the  Driftwood  Branch,  to  range  in  a  W.S.W.  dii'ection, 
through  the  high  land  dividing  the  waters  of  Clearfield  Creek  from  those  of  Bennett's  Branch.  The  belt  of  country 
immediately  along  this  line  presents  few  mineral  features  of  importance.  The  Serai  sandstone  and  Conglo- 
merate cap  the  highest  hills.  Indications  of  iron  ore  occm-  in  a  few  bog-ore  springs,  visible  near  the  Sumema- 
honing ;  but  the  great  height  and  steepness  of  the  hills,  at  the  very  summits  of  which  it  must  lie,  would 
render  the  ore,  even  if  abundant,  difficidt  of  access. 

The  sjTiclinal  axis  marking  the  middle  of  the  Third  Coal-basin  crosses  the  E.  Branch  of  the  Sinnemahoning, 
about  10  miles  above  its  mouth,  and  the  Driftwood  Branch  at  the  same  distance  from  its  outlet,  following  the 
course  of  the  stream.  On  the  W.  side  of  the  Driftwood  Branch  one  bed  of  coal  has  been  discovered  and  opened 
near  the  level  of  the  highest  lands.  A  body  of  productive  Coal-measures  may  possibly  exist  between  this  and 
Bennett's  Branch,  though,  from  the  obvious  shallowness  of  the  basin  here,  the  existence  of  such  appears  impro- 
bable. The  country  is  excessively  wild  and  rugged.  The  apparent  extension  of  the  Coal-measiires  for  5  or  6 
miles  N.W.  of  Bennett's  Branch,  up  Hicks'  Emi  and  Trout  Run,  is  a  matter  which  claims  some  attention  on  the 
part  of  the  proprietors  of  lands  in  this  quarter. 

At  Caledonia,  on  Bennett's  Branch,  the  basin  becomes  productive,  the  stratification  embracing  coal,  iron 
ore,  and  limestone.  This  place  is  on  the  main  stream,  about  6  miles  above  the  mouth  of  Trout  Run.  The  hills 
on  either  side  attain  an  elevation  of  about  5.50  feet,  which  they  preserve  for  3  or  4  miles  back  from  the  stream. 
On  the  S.E.  margin  of  the  basin,  the  rough  rocks  of  the  Serai  conglomerate  are  visible  on  the  Kaithaus  road, 
4  miles  S.  of  Bennett's  Branch,  dipping  gently  to  the  N.W. ;  and  tliis  dip  continues  to  the  N.  side  of  the  stream, 
the  Vespertine  strata,  2  miles  above  Trout  Run,  showing  an  inclination  of  nearly  5°  in  that  direction.  This  N. 
dip,  however,  must  soon  change  ;  for  on  Wolf  Run,  between  6  and  7  miles  N.W.  of  Bennett's  Branch,  the  coarse 
rocks  of  the  Serai  conglomerate  again  rise  in  the  contraiy  dii'ection,  and  cap  the  higher  hills  that  bound  the 
basin  on  the  N.W. 

Although  the  conglomerate  at  Caledonia  (Warner's)  lies  but  little  above  the  flats  which  border  the  stream, 
yet  4  mUes  lower  down  the  valley,  in  a  N.E.  direction,  the  subjacent  Vespertine  rocks  appear  at  least  200 
feet  above  the  level  of  the  water.  This  is  due  chiefly  to  the  gradual  ascent  of  the  basin  in  that  direction,  and 
slightly  to  the  fall  of  the  stream  ;  hence  the  probability  of  finding  only  a  very  limited  amount  of  Coal-measure 
stUl  further  to  the  N.E.,  on  Trout  Run  and  Hicks'  Run. 

In  the  grey  slaty  Vespertine  sandstones  there  occurs  a  bed  of  inferior  sandy  limestone  about  4  feet  thick. 
This  contains  many  fossil  shells  and  other  marine  remains,  including  those  of  one  or  two  species  of  fishes. 
Associated  with  this  limestone  we  find  many  little  yellowish  balls  of  excellent  iron-ore.  Between  these  and  the 
Serai  rocks  we  meet  with  indications  of  the  bed  of  iron  ore  everywhere  so  prevalent  in  Umbral  red  shales,  which 
formation  itself  seems  to  have  thinned  out.  Up  a  little  run,  to  be  seen  1  h  miles  below  Caledonia,  we  find  a 
deposit  of  the  soft  bog-ore,  derived,  as  usual,  from  springs  flowing  out  of  this  pait  of  the  strata.   We  discovered 
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a  fine  natural  exposure  of  the  bed  of  hard  ore  about  1  h  miles  above  Caledonia,  on  the  edge  of  Bennett's  Branch. 
At  the  latter  place  the  current  has  cut  away  the  loose  rock  and  covering  soil,  leaving  the  ore  in 
vievr  under  the  overhanging  Serai  sandstone,  the  bottom  of  which  is  within  8  feet  of  the  water. 
Immediately  beneath  the  sandstone  lies  1  foot  of  black  shale,  and  under  this  3  feet  of  brown 
shale,  containing  scattered  nodules  of  the  ore,  underlaid  by  a  solid  bed  of  the  ore,  forming,  with 
a  very  little  shale,  a  bed  between  3  and  4  feet  thick.  This  overlies  a  band  of  fire-clay.  The 
ore  somewhat  resembles  that  found  at  Astonville,  and  described  in  my  fourth  Annual  Report. 
A  recent  slide  of  earth  and  loose  rock,  somewhat  concealing  the  layer,  prevented  our  ascertaining  donia. 
its  thickness  with  perfect  precision. — (See  fig.  369.) 

The  Serai  conglomerate,  the  exact  thickness  of  which  was  not  satisfactorily  determined,  varies  from  a  mode- 
rately coarse  sandstone  to  a  rough  quartzose  conglomerate  in  which  the  pebbles  are  occasionally  larger  than  a 
turkey's  egg.  Large  masses  lie  loosely  scattered  in  great  abundance  :  they  present  blocks  of  all  sizes  and  every 
degree  of  relative  fineness  of  texture,  and  admit  of  being  easily  split  into  fragments  adapted  to  almost  any  build- 
ing pui'pose.  The  whole  stratum  is  probably  about  100  feet  thick,  its  lower  edge,  at  Caledonia,  occurring  about 
40  feet  above  the  level  of  the  stream.  Above  its  top,  the  strata,  which  should  contain  coal,  offer  no  exposures 
throughout  a  thickness  of  many  feet.  Near  the  head  of  a  small  stream,  4  miles  below  Caledonia,  the  upper  edge 
of  the  sandstone  is  caught,  lying  about  300  feet  above  the  flats  ;  and  very  near  this  is  a  bed  of  compact  yellowish 
shale,  4  feet  thick,  externally  somewhat  resembling  a  limestone.  In  no  other  place  was  this  bed  or  any  other 
visible  near  the  top  of  the  Serai  conglomerate.  The  first  stratum  met  with  in  the  ascending  order  was  a  dark- 
blue  shale,  which  occurs  about  40  feet  above  the  conglomerate.  We  had  some  reason  to  suppose  that  the  inter- 
val contains  a  bed  of  coal.  From  the  level  of  this  shale  upward,  a  tolerably  minute  sectioji  of  the  strata  was 
procured  by  the  aid  of  a  pick  and  shovel,  and  the  results  contrasted  with  observations  made  in  adjacent  ravines  and 
gorges.  Some  of  the  beds  thus  developed  were  found  exposed  on  Warner's  Run,  and  other  thin  layers  were 
•detected  on  Mead's  Rmi,  lyiog  a  mUe  to  the  E.  Erom  these  various  data  the  following 
somewhat  detailed  section  of  the  rocks  has  been  comjiiled.  The  more  complete  portion  of 
the  section  terminates  at  the  great  bed  of  sandstone,  100  feet  thick  ;  but  we  have  intro- 
duced several  of  the  overlying  beds  in  the  order  in  which  they  were  observed  ascending 
the  high  lands  N.  of  the  sources  of  the  above  streams  : — 

White  Sandstone,  coarse,  approaching  a  conglomerate,  50  feet.  Coal,  indicated  by  a 
bench,  0.  Yellowish  Sandstone,  40  feet  (a  bed  oi  Limestone  either  above  or  below  this  stratum). 
Brown  Shale,  thickness  unknown.  Coal,  2\  feet  (opened  at  Bockaway's  on  the  turnpike) ; 
fire-clay,  6  inches.  Sandstone,  grey,  slaty,  with  some  interstratified  shale,  100  feet.  Black 
and  dark  shales,  containing  kidney-form  iron-ore,  20  feet.  Coal,  3  feet  (upper  6  inches  slaty)  ; 
fire-clay,  H  feet ;  fire-clay  blue,  good  quality,  upper  part  containing  many  iron  nodules,  8  feet. 
Ore  Stratum,  with  fire-clay  (in  all  .3i  feet),  comprising — Oolite  iron-ore,  3  inches  ;  blue  clay, 
12  inches  ;  oolite  ore,  6  inches  ;  blue  clay,  6  inches  ;  oolite  ore,  3  inches  ;  blue  clay,  12  inches, 
upon  compact  shale,  blue  and  yellow,  resembling  externally  a  limestone,  its  upper  part 
containing  oolitic  iron  ore,  8  feet ;  olive  shale,  containing  shelly  ore,  8  feet ;  sandstone  stratum, 
1  foot ;  shale,  with  abundant  ore,  lower  part  massive  and  silicious,  45  feet ;  olive  shale,  15 
feet.  Coal,  li  feet;  blue  slaty  sandstone,  5  feet.  Limestone,  10  inches;  clay,  12  inches; 
Limestone,  3  feet;  fire-clay,  1  foot  ;  dark  shale  (with  ore  in  its  lowermost  4  feet),  10  feet; 
olive  shale,  2  feet.  Coal,  inferior  quality,  li  feet ;  black  shale,  3  feet.  Coal,  good,  5  feet ; 
black  shale,  2  feet.  Sandstone,  10  feet ;  black  shale,  4  feet ;  sandstone  and  olive  shale,  with 
nodules  of  iron,  30  feet.    Limestone,  4  feet ;  sandstone,  10  feet ;  blue  shale,  6  feet. 

In  the  accompanying  Section  (fig.  370)  names  are  given  to  all  the  coal-beds,  but  these 
must  not  be  implicitly  accepted. 

On  several  of  the  adjoining  runs,  the  iron  ore  has  been  dislodged  from  its  shale  in 
gi-eat  abundance,  and  the  indications  are  such  that  we  believe  it  might  be  profitably  mined  in  several  di-ifts 
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on  tlie  same  stream.  On  the  Clearfield  Road,  one  mile  from  Caledonia,  there  is  an  exposure  of  iron  ore  on 
the  road-side,  but  the  exact  place  in  the  series  occupied  by  this  section  has  not  yet  been  ascertained.  It  has 
been  thought  to  be  the  same  band  as  the  "  red  ore  "  of  Karthaus.  Its  position  is  not  far  above  the  upper  edge 
of  the  Serai  conglomerate.  It  consists  of  balls  of  heavy  ore  imbedded  in  shale,  one-fourth  of  the  lower  3^  feet 
of  which  consists  of  the  ore.    The  excavation  made  to  expose  it  evidently  did  not  bring  the  whole  of  it  to  light. 

The  5-feet  bed  of  coal  was  discovered  and  opened  by  us  where  the  above  section  was  made,  but  we  after- 
wards ascertained  that  it  had  been  uncovered  on  other  streams.  This  seam,  consisting  of  sound  coal  without 
any  slate,  measures  in  one  place  5  feet  2  inches  in  thickness.  The  lower  limestone  is  blue,  but  it  is  not  com- 
pact or  close-grained.  The  upper  limestone,  probably  the  best  of  the  two,  is  less  blue,  and  of  a  finer  texture. 
The  blue  and  yellow  compact  shale,  somewhat  resembling  a  limestone,  is  a  curious  layer ;  it  is  often  variegated, 
resembling  occasionally  a  breccia,  and  is  susceptible  of  a  good  polish. 

Iron  ore  occurs  abundantly  in  the  shales  above  the  second  limestone  ;  but  in  consequence  of  the  difficulty 
we  encountered  in  opening  these  beds  and  ascertaining  the  exact  quantity  of  ore,  we  cannot  venture  to  say  more 
tlian  that  the  indications  are  very  promising.  The  quantity  of  the  oolitic  ore  is  considerable.  The  fii^e-clay  on 
Mead's  Run  is  a  rather  thick  bed,  and  resembles  precisely  that  worked  at  Parrandsville.  The  3-feet  bed  of  coal, 
containing  in  its  upper  part  6  inches  of  cannel  coal,  supplies  a  fuel  much  esteemed  by  the  blacksmiths :  besides 
occurring  at  tliis  locality,  it  is  found  4  miles  N.  of  Bennett's  Branch,  at  a  spot  one  mile  E.  of  the  turnpike.  In 
the  upper  part  of  the  Coal-measures  we  met  with  one  or  more  beds  of  fossiliferous  limestone. 

The  facilities  for  mining  the  iron  ore,  coal,  and  limestone,  in  this  neighbourhood,  are  certainly  considerable  ; 
and  these  minerals  all  lie  convenient  to  an  ample  water-power,  which  might  be  derived  either  from 
Bennett's  Branch  or  Laurel  Run,  affording,  if  necessary,  a  fall  of  50  feet,  and  water  enough  for  extensive  iron- 
works. The  iron  might  be  conveyed  to  market  by  the  Susquehanna  on  rafts,  the  timber  of  which  will  pay,  it  is 
thought,  aU  the  expenses  of  the  transportation.  But  these  could  only  run  during  the  spring,  and  occasionally  in 
the  summer,  in  times  of  freshet.  During  the  winter,  it  is  said,  there  is  good  sledding  along  the  river  on  the  ice.- 
To  reach  a  western  market,  it  would  be  requisite  to  haul  the  metal  about  20  miles  upon  a  pretty  good  road  to 
the  Clarion  River,  whence  it  could  be  sent  in  rafts  and  arks  from  Eidgeway  to  Pittsburg.  The  neighbouring 
country  is  capable  of  maintaining  ultimately  a  considerable  population. 

The  basin  of  which  we  have  here  been  treating  extends  to  the  S.W.  up  Bennett's  Branch.  It  was  foimd 
to  be  rich  in  coal  and  limestone  for  10  or  12  miles  above  Caledonia.  But  the  natural  exposures  of  the  strata 
near  the  som-ces  of  the  streams  are  very  few.  The  basin,  both  on  the  N.W.  and  S.E.  sides,  is  bounded  by  high 
barren  table-lands,  in  belts  about  5  miles  wide,  capped  by  Serai  conglomerate.  The  ridge  of  high  lands  on  the 
N.W.  is  called  Elk  Mountain.  A  few  of  the  knobs  on  the  flanks  of  these  broad  ridges  probably  contain  one  or 
more  of  the  lower  coal-seams. 

Coal-measures  are  found  nearly  4  miles  W.  of  Caledonia  upon  the  flank  of  Elk  Moimtain,  where  it  is 
crossed  by  the  Ridgeway  Turnpike.  The  lower  strata  outcrop,  near  the  fork  of  the  road  leading  from  the 
turnpike  to  Winslow's,  at  the  mouth  of  Trout  Run.  In  the  hills  upon  the  latter  stream,  coal  has  been  opened 
above  Winslow's ;  and  even  as  far  as  Spring  Run,  it  is  said  to  be  found  flanking  the  third  axis. 

The  country  above  Luthersburg  will  be  described  at  the  close  of  the  next  chapter. 


CHATTER  X. 

THE  FOURTH  BASIN  SOUTH-WESTWARD  INTO  JEFFERSON  COUNTY. 

The  Third  Axis,  bounding  this  basin  on  the  S.,  crosses  the  Driftwood  about  7  miles  below  Portage 
(Emporium).  Here  it  caps  all  the  hills  with  Vespertine  sandstones.  But  a  little  N.  of  it  some  remnants  of 
Coal-measures  encircle  the  heads  of  a  few  little  streams,  and  contain  one  bed  about  50  feet  over  the  conglo- 
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merate,  yielding  4  feet  9  inches  of  tolerable  coal,  with  a  seam  of  slate,  li  inches  thick,  running  through  its 
middle.    Its  roof  is  blue  slate,  and  a  stratum  of  sandstone  30  feet  thick  caps  the  hill.  No 
limestone  is  visible.    Everywhere  along  the  high  edges  of  the  hills  (which  are  here,  and  N. 


above  the  Portage,  between  500  and  700  feet  high),  under  the  bench  of  Serai  conglomerate,  4  n- 
— or  white  sandstone  rather,  for  that  is  its  character  here — there  issue  springs  depositing  vast 
quantities  of  bog-ore.    It  being  but  15  miles  from  Caledonia,  where  the  Umbral  red-shale 
ore  is  so  thick  and  abundant,  the  reasonable  supposition  is,  that  up  the  Driftwood,  in  this 
neighbourhood,  the  ore  might  be  obtained  in  large  quantities. 


North  of  this,  as  far  as  Portaoe,  the  hills  are  cai^ped  by  Serai  conglomerate.  Three  miles       '^'^•"■'^'^  Empo- 

^  i  i  o  num,  3d  Basm. 

above  Portage,  West  Creek  enters  the  Driftwood  from  the  W.    In  its  valley  ranges  the  N. 
boundary  of  the  basin,  axis  No.  4,  which  brings  up  about  20  feet  of  Vergent  rocks  above  the  water-level,  while 
the  rest  of  the  hiU-side  is  made  up  of  Ponent,  but  principally  of  Vespertine  rocks.     The  Ponent  formation 
is  here  rapidly  thinning  toward  the  N.W.  across  the  basins. 

The  S.  dips  are  everywhere  about  5°  N.  of  the  S.  axis ;  a  Vergent  stratum  exhibits  a  dip  of  6"  to  the 
N.N.W. 

The  Vespertine  sandstones  are  about  400  (?)  feet  thick  upon  the  Driftwood  at  the  third  axis. 

Five  miles  N.W.  of  Bennett's  Branch,  ranges  the  summit  of  the  high  ridge  designated  on  the  map  of  the 
State  as  the  Elk  Mountain.  Its  elevation  above  the  stream  is  not  far  short  of  600  feet.  The  sandstone  and 
conglomerate  rocks,  constituting  the  Serai  conglomerate,  here  reach  the  surface,  and  form  a  rough  and  stony 
belt  nearly  4  miles  wide.  The  rise  of  the  strata  on  the  N.W.  side  of  the  Bennett's  Branch  Basin  is  tolerably 
rapid.  About  half-way  across  the  broad  anticlinal  elevation  of  Boon's  or  Elk  Mountain  there  occurs  a  considerable 
exposure  of  red  soil,  derived  either  from  the  Umbral  red-shale  and  iron-ore  stratum,  or  from  the  upper  layers  of 
the  conglomerate — which  latter  formation,  however,  it  can  hardly  be. 

The  fourth  axis,  which  separates  the  Fourth  and  Fifth  basins,  after  indicating  its  presence,  as  we  have 
shown,  upon  West  Creek,  by  elevating  strata  beneath  the  Coal-measures,  leaves  the  valley  of  that  stream,  and 
ranges  S.W.  At  Roselay  the  Serai  conglomerate  strews  the  surface  over  a  broad  expanse.  The  precise  line  of 
the  axis  is  not  easily  defined  in  the  wild  country  through  which  it  passes  to  the  S.  of  St  Mary's,  but  it  again 
appears  upon  the  Centreville  (Kersey)  and  St  Mary's  Road,  at  the  crossing  of  Laurel  Run.  In  this  neighbour- 
hood the  Serai  conglomerate  occupies  a  place  low  in  the  hills  upon  the  water-courses,  and  the  Coal-measures 
are  cut  out  over  a  comparatively  narrow  belt.  We  find  the  conglomerate  cropping  on  the  Centreville  and 
Ridgeway  Turnpike  at  the  forking  of  the  Brandy  Camp  or  Brookville  Road.  On  the  latter  road,  nearly  a  mile 
S.  of  the  turnpike,  it  may  be  seen  dipping  10°  S.E.  into  the  Fourth  Basin,  or  that  of  Little  Toby  Creek.  To  the 
W.  of  this  line,  towards  Ridgeway,  the  sm-face  is  sheeted  by  that  formation,  which  gently  undulates  into  the 
Fifth  Basin.  There  is,  therefore,  but  little  hope  of  finding  valuable  coal-strata,  except  on  the  higher  grounds, 
where  the  conglomerate  has  disappeared  S.W.  of  the  fork  of  the  Brandy  Camp  Road.  But  a  small  part  of  the 
Serai  conglomerate  stratum,  along  the  line  which  we  have  been  tracing,  is  pebbly,  the  chief  portion  being  a  coarse 
yeUowiish  sandstone,  marked  with  ferruginous  streaks.  At  the  upper  edge  of  the  stratum  is  a  layer  of  compact 
white  silicious  sandstone.  Tliis  bed,  when  it  disintegrates,  forms  a  remarkably  pure  white  sand,  which  in  some 
places  is  found  in  great  abundance. 

The  centre  of  the  Fourth  Basin  coincides  with  the  general  course  of  the  Little  Toby  Creek  (unnamed  on  the 
map)  S.W.  into  Jefferson  County.  On  the  N.W.  we  have  already  traced  the  boundary  of  the  Coal-measures ; 
on  the  S.E.  they  extend  high  on  the  flank  of  Boon's  or  Elk  Mountain. 

Several  sections  of  the  strata  in  different  parts  of  the  basin  were  obtained,  some  of  them  embracing  an 
almost  complete  series  of  the  rocks  and  included  minerals.  In  these  researches  we  ascertained  the  existence 
and  position  of  two  valuable  beds  of  limestone,  which  we  believe  to  be  continuous  over  a  considerable  area  of 
country,  together  with  several  impure  bands  found  to  be  destitiite  of  fossils,  and  the  continuity  of  which  we 
consider  doubtful.  The  sections  are  compiled  from  observations,  made  in  one  case  on  the  E.  side  of  Brandy  Camp 
Creek  (Kersey  Creek  of  the  map),  about  5  miles  S.  of  the  turnpike  ;  in  another  instance  at  a  point  nearly  oppo- 
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site,  on  the  W.  side  of  the  same  stream ;  and  in  a  third  at  Kyler's,  situated  near  the  head  of  Little  Toby  Creek 
Some  of  the  results  included  in  the  sections  were  procured  near  the  head  of  Brandy  Camj}  Creek,  at  IVIr 
Thompson's  ;  and  on  Limestone  Run,  which  enters  Little  Toby  4  miles  below  Jesse  Kyler's. 

On  the  road  between  Centreville  and  St  Mary's,  about  2  miles  from  the  former  place,  along  the  bank  of  a 
small  stream,  tributary  to  Elk  Creek,  there  is  a  deposit  of  bog-ore  of  several  feet  depth.  On  the  hill-sides 
near  by,  a  thin  bed  of  slaty  cannel-coal  occurs  :  it  has  not  been  opened.  On  the  hill-top  N.  of  this,  an  impirre 
variety  of  limestone  strews  the  surface. 

A  large  deposit  of  red  bog-ore  occurs  on  the  land  of  Mr  Thompson,  near  the  head  of  Brandy  Camp,  adjacent 
to  the  conglomerate,  and  seems  to  be  connected  with  filtration  through  the  body  either  of  this  rock  or  of  one  of 
the  ferruginous  sandstones  above  it.  Though  no  satisfactory  exposm-es  of  Serai  conglomerate  were  here  seen 
near  the  level  of  the  ore,  the  stratum  was  detected  in  the  bed  of  the  stream,  at  a  somewhat  lower  level,  1  mile 
lower  down  the  Brandy  Camp,  and  20  rods  beyond  was  seen  a  bed  of  limestone  in  the  edge  of  the  creek,  and 
over  it  about  40  feet  of  dark-coloured  shale.  This  shale,  in  other  localities,  was  discovered  to  abound  in  kidney 
ore,  and  the  deposit  in  question  might  by  some  be  referred  to  it,  but  I  more  incline  to  attribute  it  to  the  sources 
above  adverted  to.  It  covers  in  all  an  extent  of  perhaps  10  acres,  and  was  proved  to  be  in  one  place  V  feet  deep, 
though  its  average  depth  is  believed  to  be  not  so  much. 

The  upper  edge  of  the  conglomerate  seems  here  to  be  below  the  level  of  the  stream  ;  but  25  feet  higher 
up  are  beds  of  shale,  containing  large  masses  of  rather  coarse  nodular  iron-ore,  and  at  an  elevation  of  about  75 
feet  there  is  a  seam  of  coal,  from  3  to  4  feet  thick,  the  upper  part  of  which  is  cannel  coal.  About  25  feet  stiU 
higher  in  the  series  lies  a  bed  of  limestone,  characterised  by  small  univalve  fossil-sheUs.  Indications  of  a  stiU 
higher  seam  of  coal  occur  in  the  channel  of  the  run  above  this  limestone.  Directly  under  the  coal  below  the 
limestone  is  a  layer  of  excellent  fire-clay.  The  position  of  these  beds  in  the  series  will  be  readily  seen  from  the 
section  to  be  presently  given. 

The  lower  limestone  near  the  conglomerate  was  met  with  again  between  5  and  6  miles  to  the  S.S.E.  on 
Limestone  Run,  which  enters  Little  Toby  about  that  distance  S.  of  the  turnpike,  and  heads  3  miles  still  farther 
S.  The  rock  here  is  of  a  lighter  colour,  but  it  contains  the  same  fossil  shells  and  encruiites.  This  bed  was 
found  by  one  of  our  party  G  feet  thick  on  an  adjacent  run,  accompanied  by  a  trace  of  coal  directly  beneath  it, 
supported  by  a  layer  of  fire-clay  containing  balls  of  iron  ore.  This  is  about  its  thickness  on  Limestone  Rim, 
where  almost  immediately  below  it  lies  the  upper  edge  of  a  band  of  sandstone,  just  visible,  with  many  imbedded 
impressions  of  fossil  plants.  This  stratum  was  supposed  to  lie  not  far  above  the  conglomerate.  About  15  feet 
over  the  limestone  is  a  shale  abounding  in  iron  ore,  the  lumps  of  which  are  nimierous  in  the  channel  of  the  Run. 
It  is  of  various  qualities,  but  promises  well  as  far  as  quantity  is  concerned. 

Signs  of  coal  occur  here,  evidently  dislodged  from  some  liigher  level,  though  the  outcrop  of  but  one  bed  has 
been  opened  and  mined.  Coal  was  obtained  from  it  for  lime-bm-ning  by  Dr  Earley  and  i\Ir  Kyler.  The  hill 
ought  to  contain,  we  conceive,  at  least  three  seams  of  coal ;  but  its  position,  it  should  be  observed,  is  on  the  S. 
margin  of  the  Coal-measm-es.  The  soil  of  the  adjacent  country  is  decidedly  good,  and  we  have  shown  that  the 
region  is  far  from  being  deficient  in  mineral  treasures.  Tlie  day  must  come,  therefore,  when  it  wiU  sustain  a 
considerable  population.  The  hUls  are  by  no  means  high,  rarely  more  than  300  feet.  Pine  timber  is  abundant, 
and  our  commoner  hardwood  trees  attain  a  very  large  size.    The  settlers  are  stiU  thinly  scattered. 

In  collecting  the  results  of  the  following  sections,  om'  practice  was  to  open  the  outcrop  of  aU  the  more 
important  beds  sufficiently  to  ascertain  their  exact  thickness  by  measurement.  While  obtaining  materials  for 
tliis  description,  we  were  much  assisted  by  Mr  Jesse  Kyler,  from  whom  we  derived  much  valuable  information. 

The  comparison  of  the  sections  in  column  does  not  settle  the  identification  of  the  various  beds.  The  best 
guide  hereafter  will  be  the  limestone  with  univalve  fossils. 

Column  (fig.  374)  near  Parkhurst's  (Horton's),  E.  side  of  Brandy  Camp  Creek  : — 

Olive  shale  ;  Coal,  slaty,  2i  feet ;  Blue  sandstone,  20  feet ;  Black  slate,  2  feet ;  Coal,  good,  2  feet  S  inches ;  Grev 
sandstone,  15  to  20  feet  ;  Bluish-grey  sandstone,  10  feet.    Interval,  supposed  to  contain  a  limestone;  Olive  shales,  more 
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than  5  feet ;  Dark  sandstone,  7  feet ;  Coal,  slaty,  1  foot ;  Black  slate,  1  foot ;  Bluish  shale,  containing  ore,  8  feet ; 
Grey  sandstone,  more  than  20  feet ;  Interval  of  a  few  feet,  supposed  to  contain  a  limestone  ;  Coal,  good,  2i  feet  ; 
Fire-clay,  6  inches  ;  Blue  shale,  abounding  in  kidney  ore  ;  Interval,  30  feet ;  Sandstone,  2  feet. 


Fig.  372.— Brandy  Camp  Fig.  373.— Little  Toby  Fig.  374.— Brandy  Camp,  Fig.  375.— Limestone 

(opposite  Hortou's).  Creek  (Kyler's  Coals).  (Horton's.)  Run. 


The  abundance  of  ii-on  ore  iii  the  bluish  shale  near  the  bottom  of  the  section,  and  a  comparison  of  the 
several  beds  with  those  found  on  Limestone  Run  already  described,  lead  to  the  inference  that  the  inteiTal  of 
30  feet  immediately  below  must  contain  the  lower  limestone  of  the  section  following. 

Section  of  the  strata  in  the  hill  on  the  W.  side  of  Brandy  Camp  Creek  (Fig.  372),  opposite  Parkhurst's 
(Horton's)  : — 

Olive  Shale.  CoaZ, good,  2  feet;  Fire-clay.  Sandstone,  20  feet ;  Olive  Shale,  G  feet.  Coal,  cannel,  \h  feet;  Black 
Slate,  1 2  feet.  Sandy  Shale,  2  feet ;  Black  Slate,  1  foot ;  Sandy  Clay,  3  feet.  Limestone,  blue  compact,  4  feet ;  Sandy 
Olive  Shale,  20  feet.  Black  Shale,  2  feet  (Coal  probably  thinned  out)  ;  Blue  Shale,  25  feet.  Limestone,  blue  compact, 
4  feet ;  Olive  Shale,  5  feet ;  Black  Slate,  2  feet.    Coal,  2}  feet  (lowest  bed  exposed  upon  the  Creek). 

Section  of  the  strata  at  Kyler's,  1  mile  S.  of  the  turnpike,  head  of  Little  Toby  Creek — (Fig.  373) : — 

Coarse  Sandstone  ;  Shale,  containing  ore.  Coal,  good,  3  feet ;  Sandy  Shale,  20  feet.  Coal,  slaty,  3  feet.  Limestone, 
3  feet ;  Shale  and  Sandstone,  30  +  feet.  Coal,  about  1  foot ;  Impure  Limestone  and  Shale,  10  feet ;  Olive  Shale,  6  +  feet ; 
Conglomeritic  Sandstone,  dai-k-coloured  and  somewhat  calcareous,  3  feet ;  Blue  sandy  Shale,  18  feet ;  Impure  Limestone, 
compact,  3  feet ;  Ohve  Shale,  upper  part,  a  compact  whetstone,  8  feet.  Coal,  slaty,  thin  ;  Sandstone,  thin-bedded  blue 
and  gi'ey,  15  feet;  Blue  Shale,  with  nodules  of  sulphuret  of  iron,  4  feet.  Coal,  4  4- feet;  Slate,  &c.  C?)  feet ;  Brown 
Shale,  containing  iron  ore,  5  feet ;  Black  Slate,  from  15  to  20  feet.  Coal,  of  good  quality,  3  to  4  feet ;  Fire-clay,  sandy ; 
Sandstone  and  shale,  with  kidney  ore,  50  (?)  feet.    Limestone^  G  feet. 

The  two  lower  coal-beds  of  the  above  section  have  been  opened  at  various  points  in  the  vicinity  of  Centre- 
ville  (Kersey).  The  lowest  has  been  mined  by  Dr  Earley,  by  Mr  Macready,  and  by  Mr  Howe.  The  mine  of 
Mr  Jacob  Taylor,  a  mile  S.  of  CentrevUle,  is  probably  upon  the  same  bed.  Here  the  coal  is  said  to  exceed  6  feet 
in  thickness,  but  could  not  be  examined  by  us,  the  earth  having  fallen  over  the  opening.  At  the  village  of 
Centreville,  a  coal  is  opened  at  water-level,  measuring  3  feet  6  inches.  Fifty  or  60  feet  higher  in  the  series  a  coal 
1  foot  thick  is  found,  and  above  it  are  indications  of  a  slaty  cannel-bed.  The  second  bed  ascending  is  opened 
by  Mr  Kyler  and  IMr  Whaland  on  Little  Toby  Creek,  and  by  Mr  Keller  :  it  is  probably  the  same  as  the  larger 
seam  at  Centreville. 

We  conceive  the  limestone  at  the  base  of  the  above  vertical  section  to  be  identical  with  that  found  in  the 
neighboui'hood  of  St  Mary's,  where  it  overlies  several  beds  of  coal,  as  we  shall  hereafter  show. 

The  lowest  of  the  blue  limestones  of  the  section  opposite  Horton's  being  discovered  nowhere  else,  and 
being  somewhat  sandy,  we  have  supposed  it  might  disappear  by  degenerating  into  a  calcareous  sandstone.  The 
coal-seams  vary  considerably  in  thickness  and  quality,  showing  a  transition  from  glance  to  slaty  cannel-coal 
or  bituminous  slates.  The  second  coal  ascendmg,  recorded  in  the  sections  at  Horton's  and  at  Kyler's,  appears 
to  have  thinned  away  in  the  locality  opposite  Horton's.    It  may  possibly  have  escaped  notice  in  the  stratum 
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Fig.  376.— Hemlock  Run. 


marked  black  sliale,  as  slaty  cannel-coal,  of  which  it  consists  at  Horton's,  much  resembles  at  its  outcrop  a 
black  coal-slate.  These  coal-seams  have  been  worked  to  a  limited  extent  for  consumption  in  the  neighbourhood. 
The  shales  and  sandstones,  it  will  be  observed,  graduate  into  each  other  without  regularity.  The  first  bed  of 
limestone  ascending  in  the  series,  contains  a  small  univalve  shell,  apparently  a  goniatite,  which,  being  easily 
distinguishable  from  the  fossils  of  the  upper  and  lower  limestones,  may  serve  as  a  feature  by  which  to  recognise 
the  stratum.  No  bed  of  iron  ore  was  discovered  so  promising  as  that  in  the  lower  bed  of  shale,  though  less 
abundant  exhibitions  of  ore  are  not  unfrequent  in  other  members  of  the  series. 

The  neighbourhood  where  the  foregoing  sections  were  obtained  is  about  8  miles 
from  the  Clarion  River.  The  country  around  possesses  a  pretty  good  soil,  and  the  sm-- 
face  is  such  as  to  admit  of  the  construction  of  good  roads. 

Approaching  the  Brookville  Turnpike,  a  section,  represented  in  Fig.  376,  was  ob- 
tained upon  the  Little  Hemlock  Run,  near  where  it  is  crossed  by  the  Brook\Tlle  and 
Toby  Creek  road,  9  miles  E.N.E.  of  the  former.  The  Third  Axis  is  supp)Osed  to  pass  close 
by  it  upon  the  E.  This  fact,  while  it  properly  throws  the  section  into  the  next  basin,  also 
serves  to  identify  its  limestone  with  one  of  the  lower  beds  in  the  series.  It  dips  N.W. 
80°.  Beneath  it  is  a  coal-smut,  supported  by  5  feet  of  black  and  blue  shales,  then  sand- 
stone. 

Over  the  upper  much-crushed  coal-bed  is  a  bed  of  fire-clay,  which  indicates  the  presence  elsewhere  of  an 
upper  member. 

The  sides  of  the  ravine  in  which  the  little  creek  flows,  seem  to  be  composed  wholly  of  hard  sandstone, 
perhaps  100  feet  thick,  and  then  upon  the  face  of  the  country  around  the  coal-bed  presents  its  outcrop  in  a 
terrace,  as  yet  nowhere  mined. 

At  the  Brookville  and  CuriuvnsviUe  Turnpike  the  Fourth  Basin  is  of  sufficient  depth  to  retain  a  great 
depth  of  olive  shales  and  black  and  variegated  slates,  which  are  exposed  along  the  turnpike  between  Goodlander's 
Tavern  and  the  opening  upon  a  large  coal  at  Fuller's  Old  Bank,  2  miles  E.  of  Eeynoldsville.  On  the  W.  side 
of  the  basin  Coal-measures  are  foimd  until  we  pass  W.  of  Baum's  Tavern,  upon  the  turnpike  crossing  the  high 
lands.  Opposite  the  tavern  a  coal-bed  4  feet  thick  has  been  opened  above  a  bed  of  limestone.  Half  a  mile  "W. 
of  Woodward  Reynolds'  a  bed  of  coal  has  been  exposed  in  the  cuttings  of  the  road  ;  over  it  are  many  feet  of 
gr-een  and  grey  shales,  and  under  it  a  mass  of  slates  and  shales,  and  then  a  massive  sandstone.  Its  terraced 
outcrop  is  well  marked  on  the  hill.    A  spring  issues  from  it. 

The  accompanying  column  (Fig.  377)  was  constructed  from  data  obtained  in  the 
vicinity  of  Reynoldsville  and  Woodward  Reynolds'  Tavern  at  the  South  Branch  of 
Sandy  Lick  Creek. 

The  limestone  indicated  at  the  base  of  the  Section  appears  in  the  bed  of  the  South 
Branch,  about  a  quarter  of  a  mile  below  the  Turnpike  Bridge,  and  is  partly  carbonate  of 
lime  and  partly  carbonate  of  iron,  coarse  and  blue.  It  seems  to  be  4  feet  thick,  and  may 
be  more.  How  much  above  it  the  coal-bed  may  lie  which  was  formerly  mined  from 
the  bed  of  the  stream  half  a  mile  higher  up,  does  not  appear,  but  the  distance  cannot 
much  exceed  10  feet.  This  coal-bed  jdelds  3  feet  of  excellent  coal  where  the  nmning 
water  has  least  eroded  it.  Both  coal  and  limestone  are  almost  perfectly  horizontal,  and 
no  exposures  occur  in  the  precipitous  hill -sides  of  the  creek  between  the  two  strata- 
The  same  two  beds,  similarly  ambiguous  in  relative  position,  and  thus  evincing  close 
proximity,  are  to  be  seen  upon  a  little  run  some  miles  E.  of  this  locality,  near  ]\Ir  Stand- 
ring's  farmhouse.  At  this  point  one  or  two  higher  small  coal-beds  are  fomid.  Forty  or 
fifty  feet  still  higher  in  the  series  is  a  bed  of  coal,  formerly  Avrought  below  the  turnpike  W. 
of  Reynoldsville,  and  in  the  field  back  of  Woodward  Reynolds'  house.  It  is  said  by  those 
who  opened  it  to  be  fully  3  feet  thick.  The  next  important  stratum  ascending  is  a  large 
bed  of  coal.    This  seam,  which  is  important  because  of  both  its  size  and  purity,  is  wrought  at  various  points  in  the 
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Branch  of  Sandy  Lick  Creek. 
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vicinity  of  Reynoldsville.  The  nearest  mine  is  that  of  Thomas  Reynolds,  where  the  bed  measures  7  feet  8  inches 
from  top  to  bottom.  The  upper  12  inches  are  rather  soft.  Two  thin  layers  of  slate  divide  the  bed,  one  2  feet 
from  the  top,  the  other  18  inches  from  the  bottom.  Only  5  feet  of  the  coal  are  mined  for  use.  S.  of  the  town 
the  bed  is  opened  by  Woodward  Reynolds,  J.  Sheesley,  Ludwick,  and  others.  At  Woodward  Reynolds'  it 
attains  a  thickness  of  from  10  to  11  feet,  though  the  upper  4  feet  are  somewhat  slaty.  The  remainder  is 
mined.  The  coal  is  hard,  lustrous,  and  remarkably  pure ;  it  finds  a  ready  market  throughout  the  surrounding 
country.  It  is  important  to  remark  that  beneath  the  large  coal  at  Woodward  Reynolds'  bank,  and  at  Thomas 
Reynolds'  old  bank  near  the  village,  a  stratum  of  limestone  is  met  with  ;  though  in  some  places  3  feet  thick, 
it  is  not  always  found.    Woodward  Re}Tiolds  used  it  to  supply  lime  for  building  purposes. 

At  Reynoldsville  the  outcrop  of  the  coal  may  be  seen,  125  feet  above  the  creek,  circling  round  the  hill.  No 
higher  coal-bed  is  seen  above  it  there,  though  the  more  elevated  points  contain  a  small  seam  many  feet  over  it. 
The  large  bed  is  betrayed  by  its  smut,  on  the  tm-npike  E.  of  Gather's  Mill,  on  the  land 
of  Mr  Fuller,  by  whom  it  has  been  mined.  The  small  bed  appears  on  the  high  ground  , 
above.  On  land  formerly  owned  by  Tilton  Reynolds,  now  in  possession  of  his  heirs,  the 
Big  Coal  is  opened  on  the  hill-side  below  the  turnpike  ;  at  this  point  it  is  much  higher 
than  at  Reynoldsville,  and  seems  to  be  approaching  its  E.  outcrop.  No  coal  of  like  ' " 
dimensions  has  been  opened  E.  of  this  towards  Luthersburg,  and  the  question  whether, 
after  crossing  the  third  axis,  it  enters  high  ground  again,  or  whether  it  reajipears  under  " 
reduced  dimensions,  is  not  susceptible  of  solution  until  the  several  beds  of  coal  and  lime- 
stone are  systematically  proved  and  compared.  The  question  of  most  preliminary  import-  ,  „ 
ance  touches  the  relationship  which  the  limestones  at  Reynoldsville  bear  to  that  which  we         „,„    ^  , 

^  •'  Fig.  3/8.— Luthersburg. 

shall  presently  notice  as  found  at  Luthersburg.    Much  hesitation  is  felt  in  giving  names  to 
the  several  beds,  but  if  we  accept  the  most  probable  view,  we  shall  regard  the  large  coal  as  an  unusual  development 
of  the  Lower  Freeport  Coal — which,  we  know,  fluctuates  more  than  almost  any  other — and  the  limestone  beneath 
it  a  purely  local  deposit.    Li  this  case  the  lower  limestone  will  represent  the  ferriferous  stratum. 

Passing  into  the  Third  Basin,  we  find  in  the  neighbourhood  of  Lutliershurg  the  strata  exhibited  in  the 
Section  (fig.  378).  The  principal  openings  are  those  of  Irvin  and  A.  Pentz.  The  former  has  developed  two 
beds  in  the  woods  N.E.  of  the  town.  The  upper  measures  2  feet  6  inches,  the  lower  from  2  feet  6  inches  to  3  feet. 
The  lower  coal  is  mined  by  Pentz,  near  the  Clearfield  Turnpike,  three-fourths  of  a  mile  E.  of  the  town,  where 
it  is  2  feet  8  inches  thick.  Forty  or  fifty  feet  above  it,  on  the  turnpike,  indications  of  the  upper  bed  are  seen 
resting  on  fire-clay.  The  same  bed  was  penetrated  by  Mr  Hover  s  well  on  the  hill-side  at  Luthersburg ;  it  was 
encountered  9  feet  below  the  surface,  and  proved  to  be  2  feet  6  inches  thick. 

A  coal-bed  1  foot  thick  was  cut  through  by  .several  wells  on  the  higher  ground  at  Luthersburg,  at  Lono-'s, 
Dr  Wilson's,  &c. :  it  ranges  through  the  town  at  the  level  of  the  roadway  at  Moore's  Tavern.  The  existence  of 
a  fourth  bed  appears  to  be  indicated  by  springs  and  black  dirt  on  the  hill  just  E.  of  the  town.  It  has  never 
been  opened,  but  cannot  be  thick.  Above  this  locality,  on  the  Curwinsville  Turnpike,  limestone  has  been  quarried 
to  a  small  amount  by  Mr  Irvin  ;  it  occupies  only  the  high  ground.  It  is  grey,  compact,  sonorous,  and,  when 
weathered,  yellowish  or  brownish,  from  the  amount  of  iron  which  it  sometimes  contains.  It  was  seen  non- 
ferruginous  at  a  place  one  and  a  half  miles  S.  of  the  Turnpike  at  Luthersburg.  Above  the  limestone  is  the  black 
dirt  of  a  coal-bed.  The  summit  of  the  hill  at  the  Curwinsville  Turnpike,  E.  of  Luthersburg,  is  a  coarse  micaceous 
sandstone,  displaying  impressions  of  Calamites.  A  coal-bed  crops  out  on  the  road  about  a  mile  and  a  half  E.  of  the 
town  ;  it  is  probably  the  second  coal,  ascending,  of  the  section.  At  Seyler's  Foundry,  one  mile  and  a  half  N.W. 
of  the  village,  a  coal-seam  corresponding  to  the  lower  bed  is  wrought.  ;  it  is  4  feet  thick.  At  Reisinger's,  4 
miles  N.E.,  limestone  is  taken  from  the  hill-tops,  and  burnt  for  lime. 
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The  lowest  coal-bed  is  wrought  at  a  spot  2  miles  N.  of  the  Smethport  Road,  4  miles  W.  of  Coudersport.  It 
is  opened  on  ground  40  or  50  feet  lower  than  the  highest  surface  of  the  hill.  A  shaft  was  sunk  in  grey  sandstone  to 
a  depth  of  30  feet  to  reach  the  coal  of  the  drift,  but  it  was  not  deep  enough.  At  the  outcrop  the  bed  measured  from 
16  to  20  inches  in  thickness,  and  a  drift  was  carried  in  upon  it  200  or  300  yards.  In  the  drift  the  coal  expanded 
to  a  thickness  of  3  feet  7  inches,  and  at  the  end  of  the  workings  it  measured  3  feet  11  inches.  It  is  subdivided 
by  2  inches  of  slate.  The  lower  bench  is  a  little  slaty.  The  coal  is  pronounced  very  good  by  blacksmiths.  The 
same  bed  makes  its  appearance  upon  the  Olean  Turnpike  about  6  miles  from  Coudersport,  and  probably  in  the 
deepest  part  of  the  Fifth  Basin.  Blocks  of  conglomerate  lie  in  confusion  upon  the  smface  of  a  steep  slope  50  feet 
in  height,  above  which  are  two  regular  terraces,  each  at  least  60  feet  in  height.    Here  the  coal  may  be  opened. 

The  conglomerate  can  be  traced  along  the  sides  of  the  vaUeys,  and  may  be  seen  forming  cliflPs  upon  a  hUl-side 
within  a  mile  of  Coudersport,  at  the  foot  of  which  runs  the  Olean  Road.  Along  the  road  are  unequivocal  upper 
Vergent  green  sandstones  intermixed  with  red  shales,  which  are  doixbtless  to  be  referred  to  the  ^Mansfield  ore- 
stratum  (described  in  treating  of  the  valley  of  Wellsborough).  Upon  the  red  soil  rest  large  blocks  of  conglomerate, 
slipped  down  from  the  cliffs  above.  The  whole  Seral-sandstone  system  must  be  here  at  least  100  feet  in  thick- 
ness.   The  base  of  the  cliff  rests  upon  concealed  Vespertine  grey  sandstones,  but  the  Ponent  rocks  ai-e  absent. 

A  small  area  of  coal,  perhaps  overspread  by  the  Serai  conglomerate,  is  found  in  the  centre  of  Sweden  Town- 
ship, S.W.  of  Stockholm.    Iron  Pyrites  is  abundant  in  the  neighbourhood. 

Coal  is  found  to  the  Eastward  in  Pike  Township,  on  Pine  Creek,  but  it  cannot  belong  to  the  true  Serai  Coal- 
measures. 

In  the  extreme  N.E.  corner  of  Potter  County,  in  Harrison  Township,  a  variety  of  limestone  has  been  found, 
and  used  for  plastering ;  it  is  very  impure.  Passing  along  the  road  leading  from  Coudersport  N.  to  WeUsville, 
alternations  of  red  shale  with  olive  and  grey  shale  are  quite  conspicuous  on  the  hUl  next  N.  of  Glassmyres,  to  a 
thickness  of  perhaps  70  feet.  Ascending  the  hill  1 1  or  2  miles  from  Glassmyres,  loose  red  matter  is  visible, 
succeeded  by  blocks  of  coarse  thick-bedded  rock  ;  but  after  passing  the  summit,  about  4  miles  distant,  the  soil  is 
again  tinged  deep  red.  Descending  the  long  hill  to  Election  Schoolhouse,  a  similar  thick  grey  sandstone  to  that 
seen  above  is  strewn  in  fragments  on  the  surface.  In  the  depression  at  the  Schoolhouse  the  soil  is  red,  but  on 
the  ascent  N.  of  it  its  aspect  changes,  and  a  grey  sandstone  is  strewn  over  the  surface.  On  the  top  of  the  hiU, 
2  miles  from  EUisburg,  the  soil  is  red  and  slightly  gxavelly  ;  but  a  little  beyond  this  point,  brown,  purplish,  and 
green  sandstones  appear,  and  on  the  bank  of  the  stream  below,  an  exposure  of  some  20  feet  thickness  of  mottled 
greenish  sandy  shales  and  shaly  sandstones  appears,  having  all  the  aspect  of  Ponent  rocks.  The  whole  thickness 
indicated  above  the  quarry,  where  more  of  the  greenish  shale  is  ploughed  up,  must  be  at  least  40  feet,  and  it  is  per- 
haps much  more. 

The  same  rocks  are  evidently  exposed  on  the  road  in  flags  about  half  a  mile  S.  of  EUisburg.  If  this  is  the 
case,  the  Ponent  strata,  to  which  these  are  referable,  must  be  from  80  to  100  feet  in  thickness. 

Northward  of  EUisburg,  occasional  exposures  of  undoubted  red  shale  soil  and  green  flaggy  rock  appear  ;  this 
occurs  along  the  level  as  much  as  50  or  80  feet  above  the  stream,  and  again  shows  itself,  mingled  with  green 
flaggy  rock,  on  the  high  ground  near  the  hUl-tops,  2  miles  from  the  State  line.  The  exposures  continue  half  a 
mile  or  more,  after  which  green  flaggy  sandstone  appears  on  the  point  of  the  hUl,  descending  toward  the  State 
hne.  Between  this  point  and  Beansville,  1^  miles  N.  of  the  line,  there  are  no  exposures,  though  red  shale  is  said 
to  exist  on  the  hill-top,  half  a  mile  S.  of  the  latter  place.  At  Beansville  there  are  many  blocks  of  white  argilla- 
ceous sandstone,  containing  impressions  of  Scolithus,  Encrini,  &c.,  in  the  loose  material. 

The  following  strata  are  exposed  in  a  descending  order,  in  a  hUl  3  miles  S.  of  AYells\dlle,  New  York — 
(See  Pig.  379)  :— 

Grey  and  brownish  thick-bedded  sandstone,  30  feet ;   Grey  flaggy  and  brownish  sandstone,  20  feet ;  Brownish 
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Fig.  379.— Cliff  Hill,  3 
miles  S.  of  Wells- 
ville,  New  York. — 
1  inch  =  200  feet. 


sandstone  with  Cypricardia,  10  (?)  feet ;  Grey  flaggy  sandstone,  20  feet  ;  Red  shale,  10  (?)  feet ;  Green  micaceous  flaggy 
sandstone,  25  feet ;  Green  micaceous  flaggy  sandstone,  more  thickly  bedded,  25  feet  ;  Green 
micaceous  flaggy  sandstone,  brown,  with  coarse  pebbly  layers,  20  feet ;  Flaggy  sandstone,  and 
green  and  greenish  shales,  20  feet ;  Strata  concealed  by  blocks  of  grey  sandstone,  &c.,  with  Cypri- 
cardia and  other  fossils,  50  feet. 

The  very  top  of  the  hill  in  which  the  preceding  section  was  made  is  occupied  by  grey 
and  brownish  rather  argillaceous  thick-bedded  sandstones,  some  layers  containing  small 
pebbles.  Below  this  are  the  flaggy  rocks,  underlaid  by  brown  argillaceous  beds,  containing  a 
profusion  of  Inoceramus,  &c.  This  is  a  good  locality  for  casts  of  these  fossils.  The  shales 
appeared  to  have  a  thickness  of  about  10  feet.  Beneath  these  occurs  a  grey  flaggy  sandstone, 
and  then  the  earth  is  full  of  red  shale,  abundant  and  pure,  just  above  the  top  of  the  ledge 
which  forms  the  cliflf,  as  seen  from  the  road.  Although  this  rock  was  not  seen  actually 
bedded,  there  can  be  little  doubt  that  it  occupies  the  position  indicated  beneath  the  fossiliferous  layer. 

The  rock  next  below  is  the  peculiar  thin-bedded,  platy,  micaceous  green  sandstone,  occurring  so  usually  as 
an  alternation  with  the  red  shale  of  the  Ponent  series  ;  it  is  destitute  of  fossils.  This  graduates  below  into  a 
more  thickly-bedded  but  still  flaggy  rock  of  a  soft,  tough,  rather  conglomeritic  texture,  weathering  to  a  peculiar 
buff'-grey,  such  as  has  been  noted  in  the  vicinity  of  the  red  shale  at  points  further  S. 

Below  this  is  a  similar  rock,  more  brown  when  weathered,  and  brownish  red  within  ;  in  this  are  numerous 
pebbly  layers,  and  fossil  impressions  are  sparsely  scattered  throughout  the  mass.  It  passes  below  into  a  more 
thin  flaggy  and  greenish  sandstone,  and  green  argillaceous  shales. 

The  rest  of  the  slope  is  concealed  by  the  debris  of  the  above  sandstones,  in  which  fossils  are  now  and  then 

seen. 

As  this  hill  is  higher  than  those  about  Wellsville,  it  would  seem  that  they  are  capped  by  the  same  rocks. 

The  Sixth  Basin  enters  the  State  of  New  York,  aloiig  the  N.  border  of  Potter  County,  and  certainly 
contains  no  coal  where  it  is  traversed  by  the  Coudersport  and  Olean  Turnpike.  Fragments  of  the  Serai  conglo- 
merate are  seen  in  great  abundance  in  the  neighbourhood  of  Ceres,  upon  the  Oswaya  Creek.  StUl  farther  N.  we 
have  yet  lower  strata  :  thus,  in  a  quarry  half  a  mile  S.  of  Olean,  we  find  well  exposed  a  thickness  of  20  feet  of  the 
Chemung  or  Vergent  rocks,  a  few  thin  layers  of  which  are  very  fossiliferous.  Some  of  the  partings  between  the 
sandstone  flags  consist  of  red  shale,  though  the  greater  number  of  these  are  olive  slate. 

The  quarry  is  at  an  elevation  of  at  least  100  feet  above  the  Alleghany  River. 

About  2^  miles  S.  from  Olean,  the  hUls  embrace  the  following  strata : — 

1.  Vergent  Eocks  of  the  usual  Chemung  type,  at  an  elevation  above  the  Alleghany  River,  at  Olean,  of  about 
350  feet. 

2.  Ponent  Red  Shale,  visible  on  the  side  of  a  road  leading  up  the  hill  from  a  steam  sawmill,  at  an  elevation  above 
the  river  of  400  feet.  Below  this  point  at  which  the  red  shale  seems  to  be  in  place,  the  ground  is  stained  more  or  less 
distinctly  for  50  feet  with  the  red  matter  of  the  Ponent  rocks,  and  displays  red-shale  fragments ;  but  whether  this 
series  is  in  place  for  this  thickness,  is  questionable. 

3.  Immediately  above  the  red  shale,  at  the  Spring,  appear  beds  of  Vespertine  grey  sandstone,  more  or  less  replete 
with  two  organic  forms.  This  group  extends  to  the  summits  of  the  highest  hills  here,  at  an  elevation  above  the  Ponent 
of  perhaps  100  feet.  This  Vespertine  series  consists  of  the  evenly-bedded  greenish-grey  sandstone  layers,  weathering 
greyish  white  ;  they  are  from  1  to  12  inches  thick,  separated  by  partings  of  olive  shale,  which  itself  occurs  in  beds  of 
some  thickness.  About  half-way  up  in  the  mass,  or  50  feet  above  the  red  shale,  a  quarry  shows  the  sandstone  in  solid 
bands  of  from  6  to  12  inches  in  thickness.  The  uppermost  layers  on  the  summit  of  the  hill  are  thin,  and  some  of  them 
contain  small  oval  flakes,  and  pebbles  of  olive  shale,  seemingly  derived  from  the  Vergent  rocks  ;  also  some  vegetable 
remains,  apparently  stems  of  ferns.  The  other  two  organic  forms  spoken  of  as  occurring  in  the  rock  are  the  bifurcat- 
ing perpendicular  stem-like  fossil,  seen  in  the  hills  near  Warren,  and  the  species  of  Scolithus  likewise  found  in  the  same 
neighbourhood.  These  two  transversely-disposed  fossils  appear  to  prevail  most  in  the  lower  half  of  the  first  50  feet  of 
the  mass. 
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The  liill-tops  throughout  the  N.E.  extension  of  the  Sixth  Basin  display  huge  scattered  blocks  of  the  Serai 
conglomerate,  some  of  them  of  the  size  of  a  moderately-large  dwelling-house. '  None  of  this  conglomerate  shows 
itself  in  place  here  ;  but  from  the  magnitude  of  the  blocks,  it  is  plain  that  the  original  stratum  lay  very  nearly 
at  the  level,  and  in  the  places  occupied  by  these  masses.  It  is  said  that  the  rock  is  not  actually  in  place  nearer 
than  5  or  6  miles  S.  from  Olean.  In  lithological  character,  too,  the  conglomerate  is  somewhat  peculiar,  the  pebbles 
being  long  and  ilat,  and  arranged  very  regularly  several  inches  asunder,  and  generally  parallel. 

A  well-defined  N.  and  S.  valley  of  denudation  (one  of  the  series  of  channels  along  the  Northern  tier  of 
Pennsylvania,  from  Susquehanna  County  westward),  is  that  along  which,  in  opposite  directions,  flow  the  Drift- 
wood Branch  of  the  Sinnemahoning  Creek,  and  that  stream  which  unites  the  Alleghany  Eiver  at  Conoe  Place, 
or  Port  Alleghany. 

A  similar  long  straight  valley,  parallel  with  the  former,  contains  the  waters  of  North  and  Potato  creeks. 
Along  these  our  chief  observations  were  made. 

Throughout  nearly  their  whole  extent,  the  Vergent  and  Ponent  rocks  occupy  the  bed  of  the  valley,  the  high 
lands  on  each  side  being  capped  at  the  fourth  axis  by  the  Vespertine,  at  the  edges  of  the  fifth  basin  by  Serai  con- 
glomerate (as  also  at  the  arch  of  the  fifth  axis),  and  by  lower  Coal-measures  in  the.  centre  of  the  Fifth  and  Sixth 
basins. 

Now  almost  all  the  bottom-washes  of  these  valleys  are  full  of  an  adulterated  bog-ore,  apparently  the  result  of 
ferriferous  water  from  the  red  bands  of  shale  and  sandstone,  belonging,  perhaps,  to  the  Ponent  Series,  or  to  the  thin 
remnant  of  the  Umbral.  The  rock  itself,  in  the  road-ditches,  &c.,  seems  full  of  ferruginous  moisture.  No  ore 
stratum,  however,  has  been  discovered.  The  best  exposures  of  the  rock  are  on  the  road  from  Smethport  to 
Coudersport,  about  4  miles  E.  of  Smethport.  Here  the  bands  of  rock  seem  to  have  a  thickness  Little  short  of 
100  feet.  It  forms  a  soil  derived  from  the  green  Ponent  sandstones.  Occasional  specimens  of  red  sandstone 
appear.  Many  pieces  are  red  outside,  and  encrusted  on  one  or  both  sides  with  iron  ore,  while  within  they  are 
grey  and  yellow,  and  filled  with  what  might  be  taken  for  fossil  cavities,  but  prove,  when  examined,  to  be  but 
nodular  cavities  filled  with  yellow  soil,  and  due  to  the  abundance  of  ferruginous  matter  with  which  the  rock  is 
impregnated.  The  whole  character  of  the  band  is  ferruginous.  There  is  little  doubt  that  it  has  a  relationship 
with  the  Marshfield  ore-seam.  It  appears  again  on  the  Olean  and  Smethport  roads,  a  few  miles  from  Smethport ; 
and  4  miles  from  Smethport,  on  this  road,  the  band  forms  a  bold  escarpment  60  feet  in  height,  the  bottom  of 
which  is  from  60  to  80  feet  above  the  Creek.  Again  it  appears  on  the  Merain  Creek,  up  which  passes  the 
tm-npike  to  Bellfonte  via  Eidgeway.  The  red  soil  is  here  covered  in  patches  with  white  sandstone,  the  Serai 
conglomerate  from  the  adjacent  heights.  Again  it  is  seen  along  the  base  of  the  Tunamaguont  slopes,  and 
with  the  same  characteristics  of  rich  chocolate-coloured  soil  and  bold-terraced  hill-sides. 

In  the  upper  part  of  this  band  of  red  rocks  (the  exact  position  could  not  be  ascertained — probably  at  its 
extreme  upper  limit)  is  found,  at  Judge  Otto's,  a  seam  of  good  bright  coal  a  few  inches  thick ;  and  at  a  place 
upon  Potato  Creek,  several  miles  above  Smethport,  in  a  little  ravine  on  the  W.  side. 

Limestone. — Not  many  feet  above  this,  and  about  200  feet  below  the  conglomerate,  are  found  in  numerous 
places  evidences  of  a  persistent  band  of  limestone.  It  occurs,  for  instance,  on  the  hill- side,  near  the  road  from 
Potato  Creek  to  Tunamaguont  Settlement,  and  about  6  miles  N.  of  Smethport,  where  a  copious  spring  issues, 
charged  with  lime,  which  covers  the  stones  and  grass  with  a  calcareous  tufa.  Similar  springs  issue  upon  the 
Warren  Road,  6  miles  W.  of  Smethport.  On  Bunker  Hill,  on  the  Bellfonte  Turnpike,  a  specimen  of  fossilifer- 
ous  limestone  was  found  occupying  this  position  in  the  series,  under  an  exposure  of  very  hard  whitish  Vespertine 
sandstone,  dipping  7°  S.S.E. 

The  bed  itself  was  discovered  beneath  a  cliff  of  similar  hard  whitish  sandstone,  80  feet  high,  upon  the 
run  which  enters  Potato  Creek  from  the  Westwai-d,  10  mUes  S.  of  Smethport.  This  limestone  is  4  feet  thick, 
exceedingly  fossiliferous,  very  hard,  and  very  sandy,  being  in  reality  a  sandstone  filled  with  fossil  shells.  It 
will  sometimes  make  a  sufficiently  good  lime  for  agricultural  purposes.  It  seems  to  have  been  deposited  over  a 
wide  area,  as  we  discovered  it  upon  Bennett's  Branch  to  the  S.  ;  while  there  can  be  no  good  reason  to  doubt 
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that  the  same  band  makes  its  appearance  upon  the  Tioga  River  and  Pine  Creek,  and  even  on  Towanda  Creek 
to  the  E.    It  has  been  recognised  also  upon  the  Tunamaguont  Creek  to  the  N.W. 

The  Vespertine  sandstone  series,  in  the  base  of  which  this  calcareous  stratmn  occurs,  is  upon  the  Driftwood, 
at  the  third  axis,  about  400  feet  in  thickness  ;  but,  dwindling  to  the  N.,  is  little  more  than  1 50  or  200  feet  in 
thickness  at  the  New  York  line.  At  the  same  time  it  loses  its  distinctive  lithological  character,  and,  assimilating 
to  that  of  the  Vergent  series  (the  Ponent  being  thin),  the  two  often  fuse,  as  it  were,  into  one  mass. 

Fossils  common  to  the  Vergent  series  occur  upon  Bunker  Hill,  in  the  neighbourhood  of  the  limestone  above 
described,  in  exposures  of  green  sandstones  continuous  with  the  Vespertine  rocks.  The  lower  strata  of  this 
series  are  in  some  places  fit  for  building  purposes.  A  quarry  of  fine  slab-stones  has  been  opened  near  Couders- 
port ;  gTindstone  slabs  of  excellent  quality  are  obtained  near  Smethport,  in  the  lower  Vespertine  strata. 

The  Umbral  red- shale  formation  has  nowhere  been  fully  opened,  but  everywhere  gives  evidence  of  its 
existence  as  a  very  thin  stratum  of  variegated  shale,  accompanied  by  its  well-known  iron-ore.  The  places 
where  bog-ore  is  found  issuing  from  under  the  conglomerate  are  too  numerous  to  mention.  A  few  of  the  most 
important  are  at  the  Red  Mill,  near  Instautur,  in  the  Fifth  Basin,  and  along  the  N.  dips  upon  the  ridge  between 
Smethport  and  the  Warren  Road  ;  also  on  the  Potato  Creek  and  Tunamaguont  Road,  and  5  miles  S.  of  Lafay- 
ette. Six  miles  N.  of  Smethport  the  ore  itself  was  obtained.  Here  a  vast  bog  covers  the  .slope  of  the  hUl-side, 
while  a  copious  spring  issues  from  under  the  conglomerate,  and  within  50  feet  of  the  top  of  the  ridge. 

Multitudes  of  these  ferruginous  bogs  occur  at  the  same  elevation  for  miles  W.  towards  Tunamaguont  Creek. 
The  ore  was  found  by  an  unskilful  digging  continued  for  a  month.  It  was  an  ore  with  a  white  core  of  a  veiy 
fine  texture.  This  place  should  certainly  be  opened  thoroughly,  as  it  is  upon  the  N.  limit  of  the  ore,  which  here 
seems  to  give  evidence  of  being  of  considerable  value.  It  is  on  the  stream  coming  in  from  the  W.  above  Judge 
Otto's  residence. 

The  Serai  conglomerate  is  here  sometimes  a  fine-grained  conglomeritic  sandstone,  containing  elongated 
pebbles,  sometimes  merely  a  flinty  yellow  sandstone  ;  but  in  the  neighboui'hood  of  the  Smethport  and  Ridge- 
way  Turnpike  it  is  almost  wholly  a  white  massive  sandstone,  with  conglomeritic  layers  at  wide  intervals.  Upon 
the  Tunamaguont  Creek,  on  the  contrary,  one  may  remark  pebbles  imbedded  in  it,  as  upon  Bmnett's  Branch, 
as  large  as  an  ostrich's  egg.  Such  localities  are  remarkable,  and  the  relations  they  bear  to  each  other  and  to 
the  rest  of  the  area  of  the  formation  are  worthy  of  study. 

The  fifth  gTeat  anticlinal  crosses  the  State  line  at  the  Genesee  River,  and  ranges  S.W.  to  Potato  Creek, 
which  it  crosses  S.  of  Smethport,  N.N.W.  dips  being  fomid  in  the  neighbourhood  of  that  town.  Its  com-se  is 
thence  up  the  valley  of  Marvin  Creek  to  its  head-waters.  Passing  through  the  water-shed  between  Marvin 
Creek  and  the  waters  of  Toby  Creek,  or  the  West  Branch  of  Clarion,  it  is  lost  in  the  wilderness  country  to  the 
W.  and  N.W.  of  Montmorency,  though  its  range  S.  carries  it  S.E.  of  Blood's  Settlement  (Marien)  to  the  Clarion 
River.  AH  the  strata  upon  the  N.W.  side  of  this  line  are  therefore  thrown  into  the  Sixth  Basin,  while  tho.se  to 
the  S.E  appertain  to  the  Fifth. 

The  first  appearance  of  Coal-measures  in  the  Fifth  Basin  within  the  borders  of  M'Kean  County  is  on  the 
high  land  between  Potato  Creek  and  Alleghany  River.  It  has  been  proved  upon  the  lands  of  Mr  Backus, 
within  an  area  circumscribed  by  conglomerate,  but  what  its  extent  is  we  have  not  been  able  to  learn.  Whatever 
is  there  found  must  evidently  occupy  a  position  low  in  the  series. 

At  Smethport,  Red  shale  occupies  a  large  space  on  the  hiU-sides,  at  or  near  the  tops  of  which  conglomerate 
crops  out.  On  the  surface,  about  2  miles  W.  from  the  town,  are  thickly-strewn  blocks  of  this  rock,  many  of  them 
of  great  size,  consisting  of  coarse  and  pebbly  sandstone  and  Nut  and  Pea  conglomerate.  These  are,  no  doubt, 
derived  from  the  adjoining  hill :  it  is  probably  200  feet  above  the  road-level  itself,  and  much  more  above  the 
level  of  the  town.  Associated  with  the  Red-shale  fragments  is  green  shaly  sandstone,  and  some  of  the  dark 
ragged  and  pebbly  rock.  The  Ponent  Series  (if  it  is  correctly  identified)  in  this  vicinity  cannot  be  less  than 
from  150  to  200  feet  thick. 

The  identity  of  the  Red  shales  and  sandstones  with  the  Ponent  series  is  a  question  of  tlie  more  importance 


550 


SIXTH  COAL -BASIN. 


Semi 
Conglo- 
vierate 


Fesp:; 


27  0 
.i.'>  n 
Tl  0 


because  this  series,  traceable  over  an  extensive  area,  supports  in  parts  of  M'^Kean  County,  as  in  more  Western 
districts,  a  small  coal-seam,  which  outcrops  along  a  well-defined  terrace,  and  even  intimates  its  presence  by  a  smut 
upon  the  Olean  Road,  12  miles  from  Coudersport. 

Upon  the  upper  waters  of  Potato  Creek  we  are  fairly  in  the  Coal-measures. 
The  following  section  (Fig.  380)  and  notes  of  the  stratification  about  2  miles  S.  of 
Smethport  have  been  in  part  furnished  us  :  we  cannot  vouch  for  their  accuracy. 

Coal,  dull  and  bright  alternately,  3  feet  4  inches;  Sandstone,  &c.,  27  feet,;  Coal, 
1  foot  6  inches;  Slate,  15  feet;  Coal,  in  horing,  1  ("?)  foot;  Argillaceous  sandstone,  22 
feet ;  Cannel  Coal  (in  boring  5  feet),  3  feet  to  3  feet  4  inches ;  Interval,  68  feet ;  Coal, 
3  feet ;  Sandstone  and  slate,  30  feet ;  Conglomeritic  white  sandstone,  25  feet  to  30  feet ; 
Vespertine  strata,  including  3  feet  of  limestone. 

The  upper  coal  was  proved  by  a  shaft  sunk  through  shale  9  feet;  it  contained  no 
layers  of  slate.  The  roof  is  a  dark  slate,  6  inches  thick,  and  over  this  are  1 8  inches  of 
argillaceous  ii-on-ore  in  flat  balls  and  plates.    Beneath  the  coal  are  3  feet  of  fire-clay. 

The  next  coal,  proved  by  a  drift  42  feet  long,  is  18  inches  thick,  and  contains 
one  foot  of  good  coal ;  the  rest  is  slaty.  This  coal,  bored  into  twelve  rods  from  the  drift, 
appeared  to  be  3  feet  4  inches  thick. 

The  Fourth  Coal,  or  that  next  in  importance,  was  found  by  boring  near  the 
drift  above  mentioned,  and  proved  5  feet  in  thickness  ;  but  in  a  drift  half  a  mile  dis- 
tant, where  the  coal  had  a  covering  of  18  feet,  a  seam,  thought  to  be  the  same, 
measures  but  3  feet  4  inches.  The  lower  3  feet  of  this  bed  is  cannel  coal ;  the  upper 
15  inches  is  soft  coal,  probably  of  the  cannel  variety.  The  lowest  coal  imder  a  cover 
of  10  feet  shows  a  thickness  in  a  shaft  of  about  3  feet. 

A  Section  of  the  hills  upon  the  E.  side  of  the  creek,  3  miles  from  Norwich,  is 
exhibited  in  the  annexed  woodcut  (Fig.  381).    The  lowest  bed  was  opened  under 
a  small  cover  and  proved  there  to  be  little  more  than  3  feet  thick  :  over  it  is  seen  the 
debris  of  a  heavy  sandstone.    The  coal  itself  is  tolerably  good,  but  intermixed  with  slate  and  slaty  coal.  It 

is  better  than  a  bed  occupying  a  similar  position  near  Coudersport,  but 
not  so  good  as  farther  W.    The  upper  beds  are  marked  by  springs,  bogs, 
and  benches.    In  the  springs,  slate  and  some  little  coal  have  been  found. 
The  dip  is  S.S.W.  apparently  over  5°,  and  the  outcrop  of  the  beds  seems 
to  be  the  N.  margin  of  the  basin.    S.E.  of  Norwich,  between  it  and  the 
Salt-works,*  coal  has  been  found  upon  the  lands  of  the  Monroe  Coal  and 
Iron  Company.    Mr  Sheafer  reports  to  have  opened  four  small  beds  of  from  1  to  2  feet  thickness,  and  a  larger 
bed,  the  fovuth  ascending,  measuring  5  feet.    A  seam  of  cannel  coal,  2  feet  10  inches  thick,  is  said  to  be  found 
in  the  same  district. 

Crossing  Potato  Creek  to  the  high  lands  W.  of  it,  still  in  the  Fifth  Basin,  we  come  upon  the  coal-beds  of 
the  Bunker-Hill  measures.  The  N.  margin  of  the  outcrop  ranging  from  the  Potato  Creek  somewhere  near 
Norwich,  the  Smethport  Turnpike  crosses  not  far  N.  of  Bunker  Hill  or  Clermont  Settlement ;  it  then  con- 
verges towards  the  fifth  axis  at  the  head-waters  of  Mai'vin  Creek.  Whether  the  Coal-measm-es  lap  over 
the  fifth  anticlinal  between  Marvin  and  Toby  creeks  is  a  point  not  yet  determined  ;  but  should  they  do 
so,  it  can  oidy  be  for  a  short  range,  inasmuch  as  they  are  again  cut  out  by  the  deep  valley  of  Toby  Creek 
and  its  branches.  The  high  ground  between  Toby,  or  the  West  Branch,  and  the  East  Branch  of  the  Clarion, 
embraces  coal  strata  S.  to  Johnsonsburg,  which  occupy  nearly  the  centre  of  the  Fifth  Basin.  S.E.  of  the  East 
Branch  of  the  Clarion,  we  have  reason  to  believe  coal  may  be  found  upon  the  moi-e  elevated  tracts,  as  far  as  where 
it  is  denuded  from  the  summit  of  the  fourth  anticlinal  axis.    W.  of  Toby  Creek  Coal-measures  underlie  the  forest 


Fig.  380.— S.  of  Smethport. 
1  inch  =  200/ec<. 


Fig.  881. 


-Potato  Creek,  3  miles  from 
Norwich. 


*  On  the  Portage  Branch  of  the  Sinnemahoning,  12  miles  S.  of  the  Alleghany  River,  boring  commenced  on  Vergeut 
rocks  ;  augur  broke  at  350  feet  depth  ;  constant  yield  of  a  small  quantity  of  brine.    It  was  abandoned  in  1852. 
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country  at  its  head-waters,  except  where  cut  out  by  the  deepening  valleys  of  those  streams.  They  appear 
even  to  cross  the  fifth  anticlinal,  and  occupy  the  high  rolling  table-land  in  the  Sixth  Basin  S.  of  the  North 
Branch  of  Kenzua,  and  among  the  other  waters  of  that  stream.  Between  Marvin  Creek  and  the  N.  Fork  of 
Kenzua  they  embrace  Howard  Hill,  and  are  prolonged  N.E.  to  within  7  miles  of  Smethport.  We  shall  hereafter 
show  the  distribution  of  the  coal  strata  N.  of  the  Kenzua. 

Returning  now  to  the  Bunker-Hill  neighbourhood,  we  find  the  coal-beds  opened  by  Mr  Beckwith,  as  repre- 
sented by  the  vertical  column  (Fig.  382).  The  limestone  at  the  top  of  the  section  is  found  on  a  piece  of  land 
one  mile  S.  of  Mr  Renshaw's,  and  is  evidently  a  bed  in  ruins.  Many  pieces  lie  in  the 
ground,  and  one  was  obtained  several  feet  thick.  This  last  reposed  in  a  bed  of  fire-clay, ' 
and  that  upon  blue  compact  shale.  In  the  hUl  S.  of  this  the  soil  on  the  outcrop  of  this 
limestone  stratum  was  thought  to  appear.  The  limestone  is  a  very  good  fine-grained  blue 
carbonate  of  lime. 

The  upper  coal  is  opened  in  ]\Ir  Beckwith's  field,  on  the  hUl  W.  of  the  tm-npike,  and  is 
said  to  have  yielded  excellent  coal,  varying  from  1  foot  6  inches  to  3  feet  in  thickness.  The 
lower  coal  has  been  opened  in  two  places.    In  one  of  these  there  were  two  equal  bands  of 

2  feet  each,  with  4  inches  of  slate  between.    In  the  other,  a  few  rods  distant,  the  bed  was 

3  feet  thick  to  the  slate  below,  which  had  not  been  broken  to  see  if  still  another  band  lay 
below  it.  Over  the  coal,  in  a  stratum  of  slate,  are  heavy  balls  of  bright  sulj^huret  of  iron. 
Near  the  openings  is  a  large  bog  of  ore  soU  which  has  been  deposited  from  water  welling 
out,  most  probably,  from  a  stratum  of  blue  carbonate  of  iron. 

Several  miles  S.  of  Bunker  HUl,  near  the  turnpike,  a  heavy  bed  of  bituminous  slate  has  recently  been 
opened  Although  currently  reported  to  be  cannel  coal,  it  has  far  more  the  character — if  we  may  jxidge  from 
specimens — of  a  highly-carbonised  slate,  or  slaty  cannel.  We  are  unable  to  announce  its  precise  thickness,  but  it 
is  stated  to  be  fully  1 4  feet. 

Eight  miles  S.W.  of  the  last  locality  a  section  was  obtained  on  lands  under  charge  of  Judge  Wilcox  (see 
Fig.  383).    The  upper  coal  was  opened  years  ago,  by  Mr  Wescott,  \\  mUes  S.W.  of  Judge  Wilcox's  house. 
The  bed  was  not  under  good  cover,  yet  it  displayed  3  feet  of  excellent  coal.    The  next  bed 
below  has  never  yielded  more  than  6  inches  of  coal  near  the  line  of  section,  but  is  thought  a.f so  4- 
to  represent  a  much  larger  bed.    Some  mUes  farther  S.W.  upon  the  old  Jefferson  County 
line,  Mr  Sweet  opened  a  bed  in  two  bands  2  feet  apart,  yielding  3  feet  9  inches  of  coal.   ^,   ^  ^ 
This  may  be  upon  the  horizon  of  the  upper  seam  in  the  section,  but  we  are  disposed  to 
consider  it  lower.   On  the  high  ground  E.  of  Johnston's  Run,  a  tributary  of  the  East  Branch  of  ^ 
the  Clarion  River,  and  near  Mr  Miller's  house,  half  a  mile  S.  of  the  tm-npike,  there  is  a  quarry 
of  limestone.  It  was  discovered  by  a  sinking  spring.  As  exposed,  the  stratum  is  15  feet  thick,       i  s 
but  how  much  thicker  cannot  be  told.    The  rock  is  fossiliferous,  of  good  quality,  hard  and 
brittle,  and  makes  a  strong  grey  lime.    It  is  of  great  importance  to  this  country,  otherwise 
very  destitute  of  lime  ;  it  can  find  a  market  in  the  State  of  New  York,  and  has  been  sold,  we  ,  ^ 
learn,  in  Olean.    It  ranges  through  the  middle  of  the  basin,  but  as  it  does  not  appear  to 
produce  the  peculiar  loamy  soil,  the  colour  of  which  is  so  indicative  of  the  presence  of  a 
bed  of  limestone,  it  has  been  impossible  to  trace  the  bed  ;  a  little  careful  research  wiU 
develop  its  large  outcrop  wherever  it  exists.    Intimations  of  the  presence  of  a  bed  are  given 
on  the  Warren  Road,  5  or  6  mUes  W.  of  Montmorency,  but  whether  of  the  same  bed  or  not,  we  cannot  say  ;  in- 
deed, the  horizon  of  this  great  limestone  stratum  is  as  yet  very  obscure.    Our  observations  in  its  neighbourhood 
led  us  to  place  it  low  in  the  series,  as  the  equivalent  of  the  ferriferous  limestone  ;  but  the  developments  made 
upon  the  Kenzua  and  Marvin  Creek  waters,  farther  N.,  have  failed  to  detect  its  presence,  and  those  who  have 
conducted  local  surveys  there,  regard  it  as  very  high,  and  perhaps  even  overlying  the  entire  series  in  those  parts. 
At  some  future  day,  when  the  stratification  beneath  it  has  been  determined,  a  reliable  key  to  its  position  will  be 
furnished,  and  the  bed  will  be  opened  elsewhere.    The  coal-bed  next  below  the  limestone  was  not  opened  in 
such  a  manner  as  to  insure  the  development  of  its  whole  thickness.    The  iron-ore  band  beneath  this  may  prove 
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of  importance.  It  was  discovered  on  two  brooks,  lying  in  long  flattened  balls,  weighing  from  20  to  30,  or  even 
50  pounds,  and  some  of  them  having  a  maximum  thickness  of  9  inches.  It  is  a  blue  carbonate,  rather  coarse  in 
the  grain,  and  if  found  in  more  than  one  such  layer,  will  be  worth  working.  The  rock  Ijdng  beneath  this  series 
is  a  massive  white  sandstone  from  60  to  100  feet  thick. 

At  the  confluence  of  the  East  and  West  Branches  of  the  Clarion,  at  Johnsonsburg,  three  beds  of  coal  have 
been  opened  on  Dickinson's  land  by  Mr  Jesse  Kyler.  The  lowest  of  these,  lying  close  to  the  conglomerate,  is  2  feet 
10  inches  thick  at  one  opening,  but  at  others  does  not  exceed  1  foot  6  inches.  The  second  bed  is  16  feet  higher, 
and  measures  1  foot.  The  third  is  perhaps  60  feet  above  the  last,  and  proved  to  be  4  feet  10  inches  in  thickness. 
It  occupies  a  high  position  in  the  hills,  and  covers  but  a  limited  area  in  this  neighbourhood.  They  all  dip  gently 
S.E.  The  same  beds  of  coal  have  been  opened  on  Dickinson's  lands,  1 J  miles  S. W.  of  Eidgeway.  Here  the  top 
bed  is  only  6  inches  thick ;  the  others  are  20  inches  and  1  foot  respectively.  On  Spring  Creek,  near  the 
county-line  of  Forest,  the  same  beds  are  ascertained  to  exist.  Two  miles  E.  of  Montmorency,  a  coal-bed,  said 
to  be  5  feet  thick,  was  opened  years  ago. 

On  the  E.  bank  of  the  Clarion,  below  Johnsonsburg,  a  bed  of  splint  coal,  or  a  mixture  of  coal  and  slate,  has 
been  opened  about  40  feet  beneath  the  Serai  conglomerate,  and  there  are  indications  of  others. 

We  shall  presently  see  that  the  three  coal-beds  above  mentioned  occupy  nearly  the  same  relative  position 
in  the  neighbourhood  of  St  Mary's. 

*S'^  Mary's. — On  the  lands  of  the  Eidgeway  farm  and  Coal  Company,  near  St  Mary's,  coal  has  been  opened 
at  various  j^oints.  On  the  low  ground  at  Iron  Eun,  in  the  vdlage,  the  Serai  conglomerate  makes  its  appearance 
as  a  somewhat  coarse-grained  yellowish  sandstone,  with  ferruginous  streaks.  Some  of  the  beds  are  slightly  con- 
glomeritic.  Upon  this  coarse  sandstone  reposes  a  pure  white  silicious  sandstone,  the  freshly-broken  surfaces  of 
which  present  an  appearance  not  unlike  that  of  loaf-sugar.  This  rock  may  be  seen  on  the  brook  which  flows 
by  the  Theresa  Street  Mines. 

The  annexed  vertical  Section  exliibits  the  stratification  at  St  Mary's  (see  Fig.  384). 

On  Theresa  Street,  above  the  sandstone,  three  beds  of  coal  have  been  opened  ;  the  lowest  is  12  or  15  inches 
in  thickness.  In  the  slates  immediately  above  this  coal,  balls  of  dull  white  or  grey  carbonate  of  iron  have  been 
found.  The  quality  of  the  ore  is  excellent,  but  the  openings  have  not  been  sufficiently 
extended  to  ascertain  its  quantity.  Not  more  than  15  or  20  feet  above  this  bed  occiu-s 
another  coal,  measuring  18  inches,  above  which  a  thick  stratum  of  ore  has  been  proved. 
Oval  flattened  masses  of  blue  carbonate  of  iron  repose  in  close  contact  within  a  thickness 
of  from  2  to  4  feet,  and  masses  are  found  in  the  .slates  still  higher.  30  or  40  feet  higher, 
another  18-inch  coal-bed  is  opened.  None  of  these  seams  have  been  mined  at  the 
localities  mentioned. 

On  the  Monastery  lands  W.  and  N.W.  of  the  Catholic  church,  two  of  the  coal-seams 
to  which  we  have  been  adverting  have  been  opened.  The  upper  is  2  feet  or  2  feet  6  inches 
thick,  the  lower  from  12  to  16  inches. 

On  the  higher  grounds,  in  the  S.  and  W.  parts  of  the  town,  limestone  is  found  at 
various  places.  It  is  a  very  hard  dark-blue  rock,  and  bm-ns  to  a  liglit-grey  strong  lime. 
The  thickness  of  the  stratum  has  never  been  tested,  but  it  certainly  exceeds  3  feet.  Tlie 
presence  of  this  bed  adds  greatly  to  the  value  of  these  lands  for  agricultural  pxu-poses. 
We  have  before  expressed  om'  conviction  that  it  is  the  same  stratum  which  lies  at  the  base 
of  our  section  at  Kyler's,  on  Little  Toby  Creek,  and  it  may  prove  to  be  the  S.  prolongation 
of  the  great  bed  seen  at  Wilcox's.  It  appears  on  the  Olean  Eoad,  near  St  Mary's,  and  is  evidently  beneath  the 
bed  of  coal  that  has  been  mined  E.  and  N.E.  of  the  town. 

The  principal  openings  on  the  coal-bed  over  the  limestone  are  those  of  Allis,  Nist,  Bucheit,  Glot,  and 
Anthony,  in  which  its  thickness  varies  from  3  feet  to  3  feet  6  inches.  The  roof  and  floor  of  the  coal  are  usually 
thin  bands  of  bituminous  slate.  The  same  bed  was  cut  in  Corbe's  Well,  and  may  readily  be  opened  at  various 
points  on  the  hills.    From  60  to  70  feet  above  this  bed  there  are  indications  of  a  coal-seam,  but  it  has  never 
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been  faii-ly  opened.  It  was  seen  at  Nist's  Spring,  near  liis  house,  and  not  far  from  the  road  on  Bucheit's  land.  The 
bed  is  apparently  thin.  The  limestone  stratigraphically  under  these  beds  is  opened  on  Mr  Shaeffer's  farm,  N.E. 
of  St  Mary's.  The  entire  stratification  in  the  vicinity  of  the  town  is  gently  N.W.,  towards  the  axis  of  the  Fifth 
Basin.  Coal  displays  itself  on  nearly  every  hill  between  St  Mary's  and  Roselay.  It  has  been  opened  at  several 
points  by  Mr  Hanhauser  ;  but  at  Roselay  the  coal  strata  are  thrown  off  from  the  back  of  the  fourth  anticlinal. 

On  Elk  Creek,  near  Mr  Garner's  barn,  in  the  village  of  St  Mary's,  there  are  indications  of  a  small  deposit 
of  bog-ore. 

Owing  to  the  gentle  undulating  dip  of  the  Serai  conglomerate  W.  towards  the  Clarion,  the  coal  strata  do 
not  appear  to  increase  in  thickness  in  that  direction.  To  the  same  fact  is  attributable  the  absence  of  Coal- 
measures  bordering  the  Centreville  and  Ridgeway  Turnpike  W.  of  the  fourth  axis. 

On  the  Clarion  River,  1  mile  below  the  mouth  of  Little  Toby  Creek,  and  about  20  rods  above  that  of  Bear 
Creek  (Beaver  Creek  on  the  map),  there  occurs  on  the  E.  side  of  the  river  a  fine  deposit  of  bog-ore.  The  Serai 
rocks,  descending,  here  occupy  the  middle  third  of  the  hill,  and  form  a  stratum  at  least  100  feet  in  thickness. 
Five  or  six  springs,  in  a  space  of  about  30  roods,  issue  along  the  lower  edge  of  this  rock,  each  of  them  depositing 
the  pulpy  red  oxide  of  iron  along  the  slope  leading  dowi  to  the  river.  Probably  20  acres  are  covered  with 
the  deposit,  the  average  depth  of  which  may  be  given  at  7  feet.  The  coarse  conglomeritic  sandstone  above  is 
exposed,  but  the  more  flaggy  Umbral  beds  show  theniselves  at  the  base  of  the  hills,  where  the  contact  of  the  two 
formations  is  clearly  marked  by  an  abrupt  change  of  slope  at  the  level  of  the  springs.  Huge  blocks  or  masses 
of  the  overlying  rock  have  detached  themselves  from  the  body  of  the  stratum  along  the  face  of  the  hiUs.  Though 
partly  conglomeritic,  the  largest  pebbles  rarely  exceed  a  hazel  nut  in  size.  The  hiUs  rise  about  100  feet  higher 
than  the  upper  edge  of  the  conglomerate,  and  about  half-way  in  this  interval,  or  some  50  feet  below  the  summit, 
occiu-s  an  indentation  or  bench  which  may  possibly  imply  the  existence  of  a  seam  of  coal. 

On  the  hdl,  ascending  by  the  turnpike  E.  from  Ridgeway,  the  fine  white  clay,  mixed  with  minute  fragments 
of  red  shale  and  fine-grained  iron-ore  of  the  Umbral  formation,  may  be  seen.  It  is  from  this  clay  that  the  springs 
issue  which,  up  and  down  the  Clarion,  deposit  the  bog-ore  we  have  been  describing. 


CHAPTER  XII. 

THE   SIXTH   BASIN  SOUTH-WESTWARD. 

The  general  character  of  the  Sixth  Basin,  in  the  central  and  W.  parts  of  M'Kean  County,  is  that  of  a  wild 
rolling  upland,  drained  by  the  constantly-deepening  channels  of  the  tributaries  of  the  Alleghany  River  flowing 
N.  and  W.  Until  within  a  very  recent  period  it  has  received  but  little  attention,  and  our  explorations  within 
its  borders  were  governed  by  the  few  widely-separated  openings  upon  coal,  and  the  sometimes  doubtful  identifi- 
cation of  the  coarser  rocks  which  mark  specific  horizons  of  deposit.  Within  the  past  two  years  the  extensive 
surface-explorations  of  Mr  A.  F.  Dalson  upon  the  lands  of  the  M'Kean  and  Elk  Improvement  Company,  and  of 
Professor  Owen,  Professor  Hall,  and  others,  upon  the  Tunamaguont  waters,  have  guided  us  to  a  more  accurate 
knowledge  of  the  stratification. '  The  fuU  development  of  all  the  beds  of  coal,  with  the  included  bands  of  shale, 
slate,  sandstone,  &c.,  was  long  ago  felt  to  be  a  desideratum,  and  to  this  we  have  now  in  some  degree  attained. 

The  following  section,  furnished  by  Mr  Dalson,  embraces  the  series  of  coals  and  intervening  measures  found 
to  occupy  the  higher  hills  at  the  head-waters  of  the  South  Branch  of  Kenzua  Creek  in  ascending  order  : — 

Strata  undeveloped,  including  three  small  beds  of  coal,  occupying  a  high  knoll  on  County  Warrant,  No.  3131, 
GO  feet. 

1.  Coal,  slaty,  2  to  4  (?)  feet,  usually  called  the  "  Splint  Bed  ;  "  sandstones,  and  black  and  gi-een  shales  ;  ore  in 
lower  part,  38  feet ;  sandstone  and  shale,  iron  ore  at  bottom,  15  feet ;  sandstone,  fine-grained  and  ferruginous  shale, 
13  feet ;  nodular  iron-ore  in  compact  bed,  5  feet,  known  as  the  "  Rockwell  Ore  "  stratum.    This  we  regard  as  the 
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base  of  the  Umbral  formation.   Below  this  succeed  brown  and  olive  sandstones,  and  a  band  of  pebbly  sandstone 

or  conglomerate,  beneath  which  is  found  a  stratum  of  bluish-grey  fossiliferous  limestone,  5 
feet  thick,  occupying  a  low  position  in  the  hills  along  the  deeply-cut  ravines.  We  have 
shown  in  the  previous  chapter  that  this  is  a  persistent  baud  of  limestone,  being  found  in 
various  parts  of  M'Kean  County,  and  S.E.  upon  Bennett's  Branch. 

2.  Coal,  6  inches ;  shale  and  iron  ore  beneath  ;  compact  white  and  pebbly  sandstone 
(Serai  conglomerate),  40  feet. 

3.  Coal,  1  foot  2  inches  ;  compact  grey  sandstone,  20  feet ;  ferruginous  shale  and 
fire-clay,  10  feet. 

4.  Coal,  1  foot ;  slate  and  shale  ore-balls,  1 2  feet. 

5.  Coal,  2  feet  6  inches  ;  fire-clay,  fine  and  coarse  sandstone  (Tionesta  sandstone), 
usually  denominated  "  the  Pink  sandstone,"  40  feet. 

6.  Coal,  4  to  5  feet,  including  slate  and  clay  partings,  6  to  6  feet  6  inches.  This  is 
regarded  as  the  equivalent  ofthe  Bond  Seam  of  Lafayette. 

7.  Coal,  bituminous,  2  feet  ;  slate-sandstone  and  slate,  20  feet. 

8.  Coal,  cannel,  of  good  quahty,  2  feet  G  inches,  including  a  layer  of  bright  bituminous 
coal  at  the  bottom  ;  flaggy  sandstone  and  shales,  20  feet. 

9.  Coal,  of  good  quality,  G  feet ;  this  is  probably  the  equivalent  of  the  uppermost  bed 
proved  N.E.  of  Howard  Hill,  on  Warrant  No.  2GG5,  where  it  measures  4  feet ;  also  of  the 
L.  Davis  Bed,  5  feet  thick,  at  Lafayette  ;  fire-clay  and  flaggy  sandstone,  20  feet. 

«  The  full  series  of  strata  embraced  in  the  above  section  are  found  only  on  the 
higher  points  at  the  heads  of  the  streams  in  the  central  parts  of  the  basin  X.W.  of 
the  fifth  anticlinal.  Tlie  usual  covering  of  the  district  vre  are  describing,  S.  of  the 
North  Branch  of  the  Kenzua,  is  the  second  great  Coal-measm-e  rock,  the  Tionesta 
sandstone,  which  has  served  to  protect  the  coal  strata  lying  beneath  it,  and  above 
the  Serai  conglomerate,  as  shown  in  the  diagram  (Fig.  385).  The  precise  areas 
occupied  by  the  upper  coals  can  only  be  determined  by  careful  research  and  the  use 

Fig.  385.— Head-waters,  South  of  instruments. 

Branch  Kenzua  Creek.  rpj^^  so-caUed  "  Splint  Seam  "  bclougs  to  a  gioup  of  coal  Strata  which,  although 

appertaining  to  the  true  Serai  coal-formation,  were  long  ago  recognised  as  lying  beneath  the  main  body  ofthe  Serai 
conglomerate.    In  a  future  chapter  this  group  will  be  shown  to  embrace  one,  and  sometimes  two,  important  beds 
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Fig.  386, — Section  exhibiting  the  two  Sandstones  overlying  the  Serai  Conglomerate  W.  of  Smethport,  with  the  Coal  between. 

of  coal.  Though  the  bed  is  frequently  a  mixture  of  coal  and  slate,  as  its  name  implies,  it  is  generally  estimated 
among  the  workable  coals  of  the  region,  and,  as  such,  will  be  accepted  as  the  horizon  for  defining  the  coal  ai'eas 
N.  of  the  North  Branch  of  Kenziia  Creek. 

N.W.  of  Smethport  a  small  patch  of  Coal-measures  is  found  occupjdng  the  high  gi-omid  S.  of  Cole  Creek. 
This  may  be  an  insulated  area,  or  is  probably  connected  with  a  more  extended  field,  the  outcrpp  of  which  is  met 
on  the  road  between  Smethport  and  Lafayette,  about  miles  W.  of  the  former  place.  From  this  point  the  S. 
outcrop  observes  an  irregular  course,  determined  by  the  conformation  of  the  surface,  bordering  the  valley  of  the 
North  Branch  of  Kenzua  Creek,  from  which  it  gradually  recedes,  passing  S.  of  Lafayette  and  N.W.  towards  the 
Alleghany  River,  at  the  head-waters  of  Sugar  Creek.  Passing  some  mUes  W.  of  Marsh's  Corners,  among  the 
head-waters  of  the  West  Branch  of  the  Tunamaguont  the  outcrop  deflects  E.,  and  crosses  the  Tunamaguout  Creek 
to  the  place  of  depaxture.  We  have  thus  an  area  of  about  15  nules  in  length  and  5  in  average  breadth  occupied 
by  coal. 

Estimating  in  a  rough  way  the  entire  thickness  of  the  coal  strata  as  developed  from  the  conglomerate  border 
of  the  coal  area  towards  the  central  parts  of  the  basin — as,  for  instance,  from  Davis's  Sawuull  S.W^  of  Lafayette 


TUNAMAGUONT. 


555 


towards  the  latter  place — we  think  there  are  not  less  than  200  feet  of  rock,  including  several  beds  of  coal. 
The  Serai  conglomerate,  as  exposed  near  the  sawmill,  is  a  coarse  white  sandstone  ;  some  layers  are  full  of  small 
pebbles  of  the  size  of  peas  and  millet-seed. 

W.  of  the  Tunamaguont,  and  N.  and  N.W.  of  the  general  coal  area  which  we  have  indicated,  several  small 
patches  of  coal  are  foimd  separated  from  each  other  by  deep  watercourses.  Such  an  one  is  that  embraced  by  the 
two  main  branches  of  Sugar  Creek.  This  tract  occupies  a  flat  simimit  about  2  miles  in  length  from  E.  to  W.,  and 
three-fourths  of  a  mile  wide  at  its  \V.  extremity.  The  position  of  the  only  bed  of  coal  that  has  been  developed 
upon  it  is  more  than  30  feet  above  the  upper  edge  of  the  Serai  conglomerate  or  sandstone,  from  which  it  is  divided 
by  that  thickness  of  coarse  brown  shales.  The  shales  probably  embrace  one  or  two  small  beds  of  coal.  The  coal  itself 
is  about  15  inches  thick,  and  has  a  dull  aspect  and  slaty  impurities.  It  is  immediately  overlaid 
by  about  12  feet  of  dark-brown  shale,  in  which  are  scattered  a  few  small  nodules  of  argillaceous 
iron-ore.  The  more  elevated  points  of  this  district  contain  the  lower  part  of  the  Tionesta  sand-  ^  ^ 
stone,  which  rests  immediately  upon  the  brown  shale,  and  is  of  a  grey  or  yellowish  colour, 
and  sometimes  much  blotched  and  streaked  with  peroxide  of  iron  (see  Fig.  387) ;  of  which 
it  is  to  be  observed,  in  common  with  the  four  following  sections,  that  it  represents  the  only 
coal-bed  known  to  exist  between  the  Tionesta  sandstone  and  the  Serai  conglomerate  at  the 
date  of  our  earlier  surveys.  Subseqiaent  researches  have  furnished  a  key  which  may  lead  to  fig.  387.  -Tunama- 
the  development  of  others.  The  higher  hills  on  the  N.E.  of  the  main  Kenzua  Creek  appear  to  g^ont. 
be  capped  by  this  upper  sandstone,  though  the  distance  between  it  and  the  bed  at  the  base  of  the  formation  is 
so  small  that  we  seldom  obtain  exposui'es  of  anything  between  them. 

Similar  insulated  areas  of  coal  strata  to  that  above  mentioned  occupy  the  higher  groimds  W.  and  S.W.  of 
Littleton,  upon  the  waters  of  the  W.  branch  of  the  Tunamaguont  Creek  ;  but  the  precise  superficies  covered  by 
coal  we  have  not  ascertained.  Most  of  these  summits  are  capped  by  the  Tionesta  sandstone,  though  some  of 
them  are  high  enough  to  embrace  one  or  two  coal-beds  lying  above  that  rock.  The  Serai  conglomerate  ranges 
high  in  the  hills,  even  beyond  the  State  line  into  New  York  ;  and  the  coal  beneath  it  may  be  found  at  points 
not  within  the  limits  of  our  description. 

The  deeper  parts  of  the  Sixth  Basin,  within  the  area  previously  designated  N.  of  the  North  Branch  of 
Kenzua  Creek,  embraces  the  same  series  of  Coal-measures  which  we  have  given  in  our  description  of  the  countrj' 
S.  of  that  stream.  The  published  Geological  Sections  of  Messrs  Owen  and  Needliam  represent  the  same  beds  of 
coal,  though  under  somewhat  variable  conditions  as  regards  the  thickness  and  nature  of  the  intervening  rocks, 
and  of  the  individual  coal-beds  themselves.  One  or  two  coal-beds  are  enumerated  by  them  as  having  a  probable 
existence,  for  which  we  find  no  place  in  om-  section,  nor  have  the  seams  of  black  shaly  ore  denominated  "  black- 
band  "  by  those  gentlemen  been  found  to  have  a  traceable  persistency.  The  most  important  of  these  is  reported 
to  occupy  a  position  in  the  shales  between  coals  3  and  4  of  our  enumeration.  The  coal-beds,  Nos.  1,  5,  6,  and 
9,  known  as  the  Splint,  Whitman,  Newell,  and  Davis  beds  respectively,  are  all  estimated  as  containing  fully 
5  feet  of  coal,  except  the  first,  which  contains  4  feet. 

Among  the  well-known  coal-beds  which  were  opened  prior  to  the  local  surveys  above  alluded  to,  that  of  Mr 
Bond  is  worthy  of  mention.  This  bed  contains  from  4  feet  6  inches  to  5  feet  of  coal,  subdivided  into  4  benches, 
with  slate-partings  of  a  few  inches  thickness.  The  second  bench  from  the  top  is  a  cannel  coal  18  inches  in  thick- 
ness. At  Tildon's,  near  Lafayette,  a  similar  bench  of  cannel  coal  is  found  included  within  a  larger  seam  of  the 
ordinary  bituminous  variety.  The  bituminous  coal  of  this  bed  yielded,  on  analysis,  S7h  per  cent  of  volatile 
matter. 

Coal  has  been  opened  on  Mr  Owen's  land  one  mUe  S.E.  from  Mr  Bond's,  on  Three-mile  Run.  Here  two  beds 
have  been  proved ;  the  upper  by  a  drift  carried  in  80  or  90  feet,  the  lower  by  a  shaft  sunk  about  20  feet  to  the  bottom 
slate.  The  two  openings  are  about  1 70  feet  apart.  The  thickness  of  both  beds  is  3  feet ;  the  lower  bed  is  good  bright 
bituminous  coal  of  clear  fracture,  without  any  bands  of  slate.  It  is  underlaid  by  fire-clay,  and  overlaid  by  1 0 
inches  of  blue  roof-slate,  and  over  this  9  feet  of  slate,  capped  in  the  shaft  by  earth  and  rubl^ish.  It  is  thought 
that  the  interval  between  the  two  seams  does  not  amount  to  more  than  10  feet  of  slate. 

The  coal  opened  in  the  drift  is  likewise  3  feet  thick,  the  upper  half  cannel  coal,  and  the  lower  bituminous. 
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At  an  interval  estimated  to  be  about  25  feet  above  tlie  coal  last  mentioned,  there  is  another  which,  at  the 
outcrop,  shovred  a  thickness  of  1  foot  of  cannel  coal.  It  lies  in  a  bench  near  an  abrupt  rise  of  sandstone.  It  is 
probable  that  the  seam  is  thicker  than  its  outcrop  indicates. 

There  appears  to  be  another  bed  of  coal,  about  40  feet  beneath  the  lowermost  of  the  three  seams  above 
mentioned.  It  has  not  been  fully  proved,  but  sufficiently  so  to  show  a  bed  of  some  promise.  The  fragmentary 
coal  at  the  outcrop  is  pure,  and  of  the  bright  bituminous  kind. 

W.  of  the  Alleghany  River  we  find  a  small  patch  of  the  Serai  conglomerate  near  the  heads  of  Pine  Creek, 
about  3  miles  S.  of  the  New  York  State  line,  and  nearly  the  same  distance  from  the  river.  It  is  only  a  small 
insulated  tract  1  or  2  miles  in  length,  which  has  escaped  denudation.  It  lies  N.  of  a  larger  *tract  occupying  a 
considerable  area  between  the  Alleghany  River  on  the  E.  and  Hemlock  Run  on  the  W.,  and  extending  6  or  7 
miles  W.  from  the  Alleghany  River.  It  forms  the  river-hills  on  both  sides  of  the  mouth  of  Hemlock  Run  N. 
for  about  the  same  distance.  E.  of  the  head  of  Hemlock  Run,  and  about  3  miles  to  the  W.  of  Kenzua,  is  the 
only  patch  of  coal  found  upon  this  fragment  of  the  carboniferous  table-land.  It  occupies  only  the  highest 
summit,  and  its  whole  area  does  not  probably  amount  to  1  square  mile.  The  plane  of  the  coal-seam  is  above 
the  Serai  conglomerate :  its  thickness  averages  at  least  2  feet.  Nowhere  has  it  a  covering  of  more  than  50 
feet  of  overlying  shales  and  lower  beds  of  the  Tionesta  sandstone. 

N.  of  Warren  there  are  three  isolated  knobs  of  the  sandstone,  upon  which  no  traces  of  the  coal-seam  occur. 
One  of  these  is  immediately  back  of  the  town  ;  the  second,  which  is  larger,  is  on  the  E.  side  of  the  Connewango, 
and  below  the  mouth  of  Pine  Creek ;  the  thu'd  is  in  Pine  Grove  Township,  2  miles  W.  of  the  Connewango,  and 
3  miles  S.  of  the  New  York  line. 

Advancing  to  the  S.W.  of  the  Kenzua,  the  region  begins  to  assume  the  more  definite  character  of  a  regular 
coal-basin,  bounded  on  the  S.E.  by  a  broad  expanse  of  the  great  Coal-conglomerate,  brought  up  by  the  fifth 
anticlinal  axis  ;  and  on  the  N.W.,  next  the  Alleghany  River,  by  a  high  belt  of  the  same  rock. 

This  description  applies  to  the  whole  drainage,  or  basin  of  the  Tionesta,  with  its  tributaries.  All  the  central 
tracts  of  this  trough,  from  the  Kenzua  S.W.  to  Racoon  Creek,  have  their  higher  summits  overspread  by  the 
second  great  sandstone,  and  therefore  contain  at  least  the  one  small  coal-vein  previously  described,  and  perhaps 
others  of  the  Tionesta  series.  A  bed  of  coal  has  been  opened  in  a  few  places,  but  from  the  thinness  of  the  seam, 
and  its  position  near  the  tops  of  the  higher  hiUs,  it  can  never  become  of  much  economical  importance. 

The  usual  place  of  the  coal-bed  which  our  sections  exhibit,  is  from  50  to  60  feet  above  the  top  of  the  SeraJ 
conglomerate,  the  intervening  space  being  shale  and  slate  ;  above  the  coal  there  generally  rests  a  few  feet  of 


Fig.  388.— W.  of  Kenzua.       Fig.  389.— S.W.  of  Kenzua.         Fio.  390.— Little  Alleghany  Fig.  391.— Xear  Fmoklin. 
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sandy  shale,  containing  small  scattered  nodules  of  iron  ore.  Upon  the  shale  lies  the  Tionesta  sandstone,  usually 
extending  to  the  summits  of  the  highest  hills,  the  thickness  of  which  rarely  exceeds  60  feet. — (See  Fig.  380.)  - 

The  usual  thickness  of  the  coal  itself  is  about  18  inches.  It  has  a  duU  aspect,  and  is  rather  slaty.  It  has 
been  opened  at  its  outcrop  sufficiently  to  ascertain  its  thickness  at  IVIr  W.  Johnson's,  9  miles  E.  of  Warren,  and 
900  feet  above  the  bed  of  the  Alleghany;  again  in  a  hill  about  11  miles  S.E.  from  Warren,  and  bounding  the 
Tionesta  on  the  E.,  not  far  N.  of  the  tavern  on  the  Warren  and  Ridgeway  Turnpike  ;  again  about  12  miles  in  a 
straight  line  due  S.  of  Warren,  where  the  coal  is  tolerably  pure,  but  its  thickness  is  only  15  inches. 
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Two  miles  S.  of  Kenzua  there  occiirs,  apparently  in  the  Serai  sandstone,  which  is  50  to  75  feet,  and  below 
the  highest  ground,  a  coal-bed  3  j.  feet  thick,  of  which  the  upper  18  inches  is  cannel  coal. 

A  bed  of  coal  occurs  in  Quaker  Hill  on  the  W.  side  of  the  Alleghany  River,  about  8  miles  above  Warren  ;  it 
is  stated  to  be  18  inches  in  thickness,  and  of  the  ordinary  bituminous  variety,  containing  thin  partings  of  slate. 
This  coal  lies  in  the  Serai  lower  sandstone,  or  under  the  conglomerate. 

About  due  S.  from  Warren  10  miles,  and  some  8  miles  from  the  river,  there  is  a  bed  of  coal  in  apparently 
the  same  geological  position. 

The  river-hiUs  on  the  S.E.  side  of  the  Alleghany  River  display  the  following  strata  in  the  ascending 
order— (See  Fig.  392)  :— 

1.  The  upper  portions  of  the  Vei"geut  or  Chemung  series  some  300  feet  or  more.    The  /T^^ .  J"-^  ° 
fossil  beds  extend  nearly  to  the  upper  limit  of  this  group.    No  red  or  Ponent  strata  visible.           Jrf^'^-  -  10-15  0  roum. 

2.  A  group  of  generally  thin-bedded  sandstone,  and  olive-grey  shale  beds — some  of  the        /r:       7'  f°Sf 
sandstone  layers  exhibiting  a  thickness  of  from  6  to  12  inches.    These  contain  a  bifurcating         pr  ^ 

stem-like  fossil  perpendicular  to  the  bedding,  possibly  a  Coralline  or  a  plant  (?),  and  also  a  "  !f^ji7 

true  Scolithus  of  the  size  of  a  thin  quill,  with  a  knob  at  the  sm-face  of  the  layer.  r::zZ-ir_  'l^iif^''^ 

3.  A  massive  quartzose  congloinerate,  with  pebbles  for  the  most  part  ovoid  and  smooth,  ilh^j^tlJxLL  " 
and  of  the  size  of  beans  and  small  nuts.    This  bed  is  not  more  than  about  10  feet  thick.  B^^^^ili — '°  ™*"''« 

4.  Shales  and  thin-bedded  sandstones  150  or  200  feet  thick  ;  they  have  the  usual  aspect        /  ■' 
of  the  Vespertine  rocks  of  the  Alleghany  Mountain. 

5.  Fossiliferous  sandstone,  10  or  15  feet  thick.  /  ^ —       300-330  0  r^-yprit 

/  "  Slude, 

6.  At  the  summit  of  the  hills  a  massive  white  sandstone,  40  or  50  feet  thick.    This  is  t — 
the  Serai  white  sandstone.  /        ■  - 

About  4  nules  S.E.  of  the  mouth  of  Brokenstraw  Creek,  and  3  miles  E.  from  the  ' 
.Alleghany  River,  there  is  a  bed  of  coal  consisting  of  two  layers,  as  follows  : —  ult^r""" 

Slaty  Coal,  1  foot  6  inches ;  White  Sandstone,  3  to  4  feet  ;  Good  Coal,  1  foot ;  Fire-   ^  gkany  Mv^;"'n5ar  wLten: 
clay  with  small  balls  of  iron  ore.  ^       =  200 /erf. 

Many  of  the  hills  N.W.  of  the  Alleghany  River  are  capped  by  the  Vespertine  conglomerate,  the  Serai  having 
been  washed  off. 

On  the  S.E.  of  Brokenstraw  Creek,  the  very  highest  hills  are  capped  with  a  thin  covering  of  Coal-measures 
containing  the  above-mentioned  twin  bed :  the  elevation  of  these  coal-rocks  above  the  river  is  between  400  and 
500  feet. 

Bog  Ores. — Several  deposits  of  bog-ore  are  to  be  met  with  in  this  belt  of  country :  one  of  these  is  at 
the  head  of  a  small  stream  about  4  mUes  E.  of  Warren,  a  little  back  from  the  S.  bank  of  the  river.  The  amount 
of  ore  was  not  ascertained,  but  it  did  not  appear  important.  Another  more  considerable  body  of  the  ore  lies 
near  the  main  stream  of  Hickory  Creek :  this  appears  to  be  a  tolerably  rich  one.  Other  small  coUectioiis  of 
similar  ore  are  seen  N.  of  the  forks  of  the  Tionesta  on  the  Ridgeway  Turnpike ;  but  these,  and  some  others 
that  might  be  mentioned,  are  too  unimportant  to  be  useful. 

Very  similar  to  the  Tionesta  portion  of  the  basin  is  the  geology  of  that  division  which  lies  to  the  N.W. 
of  the  Alleghany  River,  between  Warren  and  the  valley  of  French  Creek. 

Serai  Conglomerate,  North-West  Limit. — By  an  inspection  of  the  Geological  Map  it  wUl  be  seen  that  the 
N.W.  margin  of  the  Serai  conglomerate  separates  naturally  into  three  tracts  :  that  farthest  to  the  N.W.,  forming 
the  .skirts  of  the  basin,  consists  of  a  series  of  detached  outlying  patches. 

The  middle  tract  is  a  nearly  continuous  belt  extending  in  a  S.W.  direction  from  the  Brokenstraw  near  its 
mouth  to  French  Creek.  The  third  is  formed  by  a  range  of  broad  detached  summits,  capped  by  the  Tionesta 
coal,  and  stretching  along  the  N.W.  side  of  the  Alleghany,  from  below  the  mouth  of  the  Tidioute  to  the  mouth 
of  French  Creek. 

The  most  N.E.  outliers  of  conglomerate  are  a  few  small  knobs  immediately  N.  of  the  Brokenstraw,  and  one 
near  the  Little  Brokenstraw,  3  miles  S.E.  of  Lottville.  Two  others  of  large  area  lie  W.  of  the  main  Broken- 
straw in  Spring  Creek  Township.    The  most  remote  outliers  are  three  low  elongated  hills  in  Randolpli  Town- 
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ship,  "W.  of  Centreville.  S.W.  of  these  are  several  small  patches  in  Wayne  Township.  Two  or  three  lie  N.  of 
Sugar  Creek  Lake,  and  three  more  W.  of  Little  Sugar  Creek.  N.  of  Meadville  are  the  College  Hills,  Huide- 
koper's  Hill,  and  another  a  mile  farther  N.  Besides  these  principal  isolated  tracts  containing  the  rock  in  site, 
there  are  many  localities  in  the  district  where  it  occurs  in  loose  angular  blocks  of  considerable  size,  which  seem 
to  have  been  displaced  but  a  short  distance  from  theix  original  bed.  These  are  most  common  between  Centre- 
ville and  Meadville. 

The  more  continuous  belt  of  the  sandstone,  or  middle  division  of  the  district,  is  a  nearly  imbroken  table-land 
throughout  all  its  central  portion  ;  but  around  the  forks  of  Oil  Sjiring  Creek,  and  again  between  Sugar  Ci-eek 
and  the  river,  it  is  broken  by  immerous  valleys  and  ravines,  so  as  to  form  a  succession  of  detached  summits. 

Tionesta  Coal  Group,  North-western  Limit. — The  only  coal-bed  of  this  group  hitherto  developed  with  the 
overlying  Tionesta  sandstone,  occupies  a  range  of  six  or  seven  broad  and  elevated  summits  on  the  N.W.  side  of 
the  river.  The  most  Eastern  of  these  is  the  river  hill,  North  of  Hickory  Town  ;  another  spreads  from  Hickory 
Creek  and  the  river  Westward  to  Pitthole  Creek  ;  between  tliis  latter  and  Oil  Creek  there  are  two  other  large 
patches,  one  W.  of  the  head  of  Pitthole  Creek,  and  the  other  nearer  the  river  in  Windrock  Township.  Between 
Oil  Creek  and  the  mouth  of  French  Creek  are  three  other  elevated  outliers  of  the  coal,  the  largest  lying  to  the 
E.  of  Two-mile  Creek ;  the  next  immediately  N.  of  Franklin  ;  and  the  third,  and  smallest,  a  short  distance 
to  the  N.  of  the  latter.  In  all  these  j^atches,  the  coal  itself  has  been  opened  in  only  three  places ;  but  the 
observer  may  assure  himself  of  the  existence  of  the  Tionesta  Bed  in  each  of  the  summits  mentioned,  by  tracing 
the  overlying  shale  and  sandstone  strata  from  one  to  the  other. 

The  coal  has  been  opened  two  and  a  half  miles  S.W.  of  Lamb's  Tavern,  which  is  20  miles  from  FrankHn 
on  the  road  to  Warren.  Another  opening  is  a  little  E.  of  Oil  Creek,  about  a  mile  N.W.  of  the  same  road, 
and  14  miles  from  Franklin.  Here  the  seam  consists  of  a  black  friable  coal  shale  rather  than  a  true  coal : 
it  is  about  3  feet  thick.  This  locality  is  on  the  summit  of  a  hiU,  and  is  covered  by  only  3  feet  of  soil.  A  third 
is  5  miles  N.  of  Franklin,  on  the  Cooper's  Town  Road.  At  each  of  these  points  the  bed  does  not  much 
exceed  1 5  inches  in  thickness.  Over  it  rests  18  or  20  feet  of  blue  shale,  capped  by  the  lower  beds  of  the  second 
sandstone.  In  these  several  particulars  it  accords  exactly  with  the  same  seam,  as  seen  in  the  Tionesta  portion  of 
the  basin. 

Bog  Ore. — A  small  deposit  of  bog  ore  exists  near  the  head-stream  of  Stewart's  Creek,  and  a  coarse  nodidar 
ore  may  be  seen  in  the  Warren  Eoad,  3  miles  to  the  N.E.  of  the  mouth  of  Oil  Creek,  at  the  top  of  the  hill,  and 
immediately  below  the  Tionesta  sandstone. 

North- Western  Limit  of  the  Sixth  Basin,  from  French  Creek  Westtvard  to  the  Ohio  Line. — W.  of  French 
Creek  a  more  uniform  intensity  in  the  action  of  the  denuding  flood  has  left  fewer  detached  outhers  of  the  car- 
boniferous strata.  Thus  far  the  Serai  conglomerate,  or  the  sandstone  which  represents  it,  has  been  viewed  as  the 
base  of  the  coal  series,  and  the  Tionesta  coal  as  the  lowest  bed.  But  in  the  neighbourhood  of  French  Creek,  and 
the  country  between  it  and  the  Ohio  line,  a  new  group  of  Coal-measures  comes  in  under  the  great  coal-conglo- 
merate. A  few  miles  to  the  E.  of  French  Creek,  we  first  distinguish  these  earlier  members  of  the  coal-forma- 
tion, consisting  chiefly  of  beds  ofbrowi  and  black  shale,  containing  some  few  scattered  nodules  of  u-on  ore  and 
one  or  more  beds  of  coal.  In  this  vicinity  only  one  bed  has  been  met  with,  and  that  of  minor  importance,  but  it 
becomes  a  valuable  seam  proceeding  Westward.  Its  distance  from  the  base  of  the  sandstone  is  variable,  but 
generally  increases  as  the  beds  which  separate  them  become  more  arenaceous. 

The  most  Eastern  localities  where  this  coal-bed  was  discovered  were  those  of  Pine  Knoll  in  Wayne  Town- 
ship, near  Little  Sugar  Creek,  and  on  the  County  line  one  mUe  S.W.  of  Sugar  Creek  Lake.  In  the  former  local- 
ity it  consists  of  15  inches  of  inferior  coal,  with  a  dull  lustre,  separated  from  the  base  of  the  conglomerate  by  10 
or  12  feet  of  brown  and  black  shale,  through  which  are  scattered  a  few  small  nodules  of  very  compact  argiEaceous 
iron-ore.  The  floor  of  the  coal  is  lilvcwise  formed  of  brown  shale,  apparently  free  from  nodular  iron-ore.  At 
Sugar  Creek  Lake  the  bed  is  about  the  same  thickness,  consisting  of  bituminous  slate  and  impure  coal ;  it  lies  at 
about  the  same  distance  from  the  overlying  sandstone,  brown  shale  being  interposed. 

The  whole  thickness  of  these  mferior  Coal-measures  may,  in  the  country  around  French  Creek,  be  estunated 
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at  from  30  to  40  feet. — (See  Fig.  393.)  When  the  country  to  the  Eastward  of  these  locaHties  becomes  more 
cleai-ed,  this  seam  will  probably  be  found  to  extend  considerably  farther,  but  probably  nowhere  as  an  available 
bed  in  the  direction  of  the  Alleghany  River.  It  thins  out  Eastward,  and  is  certainly 
absent  at  Oil  Creek. 

There  are  many  other  places,  however,  in  the  neighbourhood  of  French  Creek, 
where  this  coal  might  be  found  by  searching  for  it,  at  a  proper  distance  below  the 
base  of  the  conglomerate.  The  particles  of  coal  that  have  been  found  in  the  vicinity 
of  MeadviUe  and  elsewhere,  beyond  a  doubt  belong  to  this  coal-seam.  These  frag- 
ments have  been  broken  from  the  edges  of  the  bed  on  the  sides  of  the  hills,  and  i^,^,,,,^ 
brought  down,  together  with  other  detrital  matter,  by  the  strong  currents  of  water  that  _Siu.-ar  Creek  Lake, 

have  contributed  to  the  denudation  of  the  surface  of  the  country.    Fragments  thus 

derived,  but  strewed  over  the  surface  of  the  country  in  the  superficial  soil,  and  there  turned  up  in  ploughing  the 
fields  around  MeadviUe,  have  deceived  many  into  the  belief  that  some  valuable  bed  of  coal  might  be  opened 
in  the  \'icinity.  Such  a  bed  has  been  diligently,  but,  of  course,  fruitlessly  sought,  and  even  at  considerable 
peciiniary  loss.  Indications  of  the  Sharon  Bed,  above  described,  are  met  with  in  several  places  on  the  high 
plateau  which  enters  Eastward  from  the  summit  of  the  College  Hills,  at  an  elevation  of  400  feet  above  the 
bottom  of  the  canal,  and  about  12  feet  below  the  base  of  the  great  conglomerate.  The  interposed  strata  con- 
sist of  beds  of  brown  shale. 

Proceeding  Westward,  the  same  coal-seam  has  been  found  on  Deer  Creek,  in  French  Creek  Township 
(Mercer  County),  about  4  miles  from  its  mouth.  It  is  here  about  2  feet  thick,  and  less  slaty.  About  12  or 
15  feet  of  brown  shale  separate  it  from  the  base  of  the  overlying  Serai  conglomerate  sandstone  which  caps  the 
hiLL    The  coal  is  said  to  have  been  worked  for  the  MeadviUe  market,  but  the  mine  is  now  abandoned. 

The  high  land  about  the  head  of  Deer  Creek,  occupying  a  large  part  of  French  Creek  Township,  is  likewise 
capped  by  the  representative  of  the  Serai  conglomerate ;  and  although  the  underlying  Coal-measures  were  not 
noticed,  their  occm-rence  beneath  it  may  be  safely  inferred. 

In  the  Western  part  of  Smidy  Creek  To'wnship  is  a  long  ridge  of  elevated  land,  commencing  about  2  mUes 
S.  of  Conneaut  Creek,  and  terminating' 4  miles  S.  of  Sandy  Lake  in  Mercer  County.  The  greater  part  of 
this  ridge  in  Fairfield  and  Sandy  Creek  townships  is  occupied  by  the  Serai  conglomerate  and  the  underlying 
Sharon  Coal-measm-es.  After  crossing  Sandy  Creek,  which  cuts  tlu'ough  this  ridge,  we  come  upon  higher  mem- 
bers, of  which  we  wiU  speak  presently. 

At  Georgetown  the  conglomerate  is  found  fonning  the  highest  point  of  land.  The  shale  between  it  and  the 
coal  contains  two  deposits  of  good  iron-ore  about  1  foot  apart — the  upper  one  7  inches  thick,  and  the  other, 
of  a  beautifiU  blue  colour,  about  5  inches.  Beneath  this  shale  containing  the  ore  is  the  Georgetown  Sharon 
coal-bed,  increasing  in  thickness  as  we  proceed  towards  the  West,  although  it  is  by  no  means  regular.  In  the 
immediate  vicinity  of  Georgetown  it  is  about  20  inches  thick,  but  about  2  mUes  towards 
GreenviUe  it  is  upwards  of  3  feet  thick.  It  is  a  slaty  camiel  coal  of  a  dull  jet-black  lustre, 
and  free  from  sulphur. 

Ten  mUes  N.E.  of  Georgetown,  and  from  three  to  three  and  a  half  miles  due  S.  of 
Conneaut  Town  (on  Tract  No.  8  of  Fielding's  Draft),  is  a  smaU  outlying  patch  of  the  lower  Coal- 
measures,  covered  only  by  a  few  feet  of  the  lower  beds  of  the  Serai  conglomerate. 

The  coal  is  a  semi-cannel  coal  of  slaty  structure  and  peculiar  lustre ;  it  is  from  3  to  5 
feet  thick.  It  is  tolerably  pure,  contains  no  sulphm-et  of  iron,  and  is  said  to  be  much  liked  by  the 
blacksmiths.  The  bed  is  covered  with  shale  and  very  argiUaceous  sandstone  1 2  feet  thick,  in- 
cluding one  or  two  seams  of  iron  ore,  one  of  which  is  about  1  inch  thick. 

The  bed  of  coal  within  the  distance  of  26  rods,  in  a  S.E.  direction,  is  only  1  or  2  feet  thick.  It  is  tliin  also 
upon  the  other  side  of  the  summit  of  the  liUl,  which  does  not  rise  more  than  15  or  20  feet  above  the  plane  of  the 
coal-bed.  It  is  wrought  on  this  account  with  much  difficulty.  The  seUing  price  of  the  coal  in  MeadvUle  varies 
from  17  to  18  cents  per  bushel. 


Fig.  394.— Georg-e- 
town,  aud  10  miles 
N.E. 
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Less  tlian  a  mile  S.E.  of  Greenville  commences  a  broad  and  rather  high  ridge,  which  extends  to  mthin  a 
short  distance  of  the  Sheuango  Kiver,  where  it  is  joined  by  another  similar  ridge  coming  down  from  the  N.N.E. 
These  converging  ridges  form  two  sides  of  a  triangle,  occupied  by  the  Serai  conglomerate  and  the  inferior  Sharon 
measures. 

All  the  high  land  around  the  head-streams  of  Otter  Creek,  and  between  it  and  the  Shenango,  are  occupied 
by  the  same  massive  sandstone,  which,  gradually  sinking  to  a  lower  level  as  it  dips  to  the  S.E.,  gives  way  to  higher 
members  of  the  coal-formation  as  we  approach  the  town  of  Mercer. 

West  of  the  Shenango  Rivet: — Upon  the  W.  side  of  the  Shenango,  a  long  ridge  of  elevated  land  com- 
mences about  a  mile  E.  of  Ivinsman  (Ohio),  and  crosses  the  State  line  at  the  pomt  where  the  Crawford  and 
Mercer  County  line  unites  with  it.  Two  miles  from  the  line  it  forms  an  elbow,  and  then  contiuiies,  in  a  nearly 
S.  direction,  to  the  head  of  a  little  run  which  empties  into  the  Pymatuning,  2  miles  above  its  mouth.  Here 
it  separates  into  two  ridges,  one  passing  within  a  mile  of  Greenville  to  the  great  bend  of  the  Shenango  opposite 
Lackawanna  Creek ;  while  the  other  continues  its  S.  course  to  the  P}Tnatuning.  A  little  S.E  of  the 
termination  of  the  latter  ridge,  and  on  the  E.  side  of  the  little  rim  before  spoken  of,  is  a  high  tract  of  land 
nearly  2  square  miles  in  area.  The  ridges  just  described  are  occupied  by  the  Serai  conglomerate  and  sandstone, 
which,  gradually  rising  towards  the  N.W.,  are  very  sparmgly  spread  upon  the  highest  summits  of  the  ridge  in  the 
middle  portions  of  West  Salem  Township.  The  underlying  Coal-bed  has  been  opened  in  several  places,  at  a  dis- 
tance of  about  15  feet  below  the  Serai  conglomerate  and  sandstone.  At  Mr  Lochslimmer's  diift,  3  miles  S.W.  of 
the  town,  the  coal  is  240  feet  above  the  bottom  of  the  canal,  which  is  about  a  mUe  and  a  half  distant.  Here  also 
the  coal  is  a  species  of  semi-cannel  coal,  with  a  slaty  structure  and  a  dull  jet-black  lustre  ;  thickness  about 
3  feet.  Between  it  and  the  base  of  the  sandstone  is  black  bituminous  shale,  with  vegetable  impressions. 
The  same  seam  has  been  opened  four  and  a  half  miles  to  the  E.  of  this,  near  Orangeville.  Here  it  is  about  14 
feet  below  the  Serai  conglomerate,  which  rises  to  a  considerable  height  above  it.  It  is  a  slaty  cannel  coal,  less 
than  3  feet  in  thickness,  and  has  a  local  dip  of  15  feet  per  mile  towards  the  S.W.  A  mile  and  a  quarter  S. 
of  E.  from  the  last  place,  and  on  the  Five-hundred-acre  Tract  of  Captain  Duncan,  search  has  been  made  for 
this  coal,  and  seven  pits  have  been  sunk  at  different  levels,  from  which  the  following  section  has  been  made  : — 

Soil,  8  feet ;  Brown  Shale,  -with  a  little  iron  ore,  8  feet ;  Black  thinly-laminated  Shale,  9  feet  ; 
Yellow  and  brown  Sandstone,  with  vegetable  remains,  15  feet ;  Black  Shale,  15  feet ;  Slaty  Sandstone, 
8  feet ;  Brown  Shale,  5  feet ;  lastly,  Silicious  Conglomerate,  60  feet  underneath  the  true  level  of  the 
coal,  which  was  nowhere  discoverable. 

.-8  0 

On  the  hills  on  the  S.  side  of  the  Shenango,  below  the  mouth  of  the  Lackawanna, 

..l.'i  0 

„  and  about  6  miles  N.W.  of  Mercer,  coal  has  been  found  on  the  land  of  Mr  Robert  Flute  ; 
■'21  and  260  feet  above  the  bottom  of  lock  No.  15,  overlooking  the  river,  the  hill  itself  rises  60  or 
^  _    J      80  feet  higher.    Here  the  following  section  was  obtained  (see  Fig.  396)  : — 
Fig.  395.— Two  miles       Serai  conglomerate  ;  Sandstone,  yellow,  flaggy,  fossiliferous,  5  feet ;  interval  (containing  Sharon 
Iw'oVsharon"'''^  ^"^^^  ^^^'^  >  ^^^^^>  ^^^'^^^  browu,  with  iron  ore,  7  feet ;  Coal,  8  inches  (Sharon  coal  ?) ; 

Grey  Sandstone,  slaty,  with  vegetable  remains,  7  feet ;  Dark-coloured  Shale,  16  feet  ;  Coal,  15  inches  ; 
Shale,  black,  yellow,  and  brown,  15  feet;  Coal,  2  inches ;  Chocolate- coloured  Sandstone,  1  to  2  feet ;  Black  bituminous 
Slate,  9  inches ;  Coal,  24  to  30  inches. 


7^^ 


A  few  hundred  yards  to  the  S.E.  of  this,  on  the  other  side  of  the  summit,  another 
shaft  has  been  sunk  to  a  considerable  depth,  Avithout  revealing  any  indications  of  the 
2-feet  coal-seam.  Conjecture  is  at  fault  upon  the  identity  of  either  of  these  beds  with  the 
Sharon  coal,  already  described. 

One  mile  N.  of  this  locahty,  on  the  opposite  side  of  the  Shenango,  several  excavations 
have  been  made.    Neither  the  2^  feet  nor  the  smaller  seams  above  were  foimd,  although  in 
«      other  respects  the  stratification  appeared  to  be  very  similar  to  that  given  in  the  preceding 
account. 

FlG.39o.— Six  miles  N.W.  ^  ,       ^  t-,     «  ^,  ■,  •  ^     ■  ^        ■  i  i    i>    j.  •     i.i  •  i 

of  Moicer.  Less  than  2  miles  E.  of  Sharon,  on  a  high  ridge,  is  a  coal-seam  4  leet  m  thickness. 
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Below  it  are  a  few  inches  of  bluish  clay,  and  beneath  that  a  hard,  fine-grained,  brittle  white  sandstone.  The 
exposiu-es  are  imperfect,  but  the  coal  is  believed  to  be  the  same  as  that  of  Sharon. 

About  2  miles  W.  of  this  last  locality,  on  the  opposite  side  of  the  deep  ravine  of  the 
Shenango,  is  a  high  ridge,  in  which  the  Sharon  Coal-bed  has  been  opened,  and  skilfully  and 
extensively  wrought.  The  coal  is  near  the  top  of  the  ridge,  capped  by  the  Serai  conglomerate, 
between  which  and  the  coal  are  brown  and  blue  shales,  with  argillaceous  sandstone,  1 0  feet 
of  which  are  exposed.  The  bed  is  4^  feet  thick,  with  a  floor  of  black  and  brown  shale  (10  feet 
thick)  resting  upon  grey  slaty  sandstone,  and  below  that  a  coarse  conglomerate  formed  of  white 
pebbles  of  quartz.  On  the  W.  side  of  the  ridge,  at  the  distance  of  about  three-fourths  of  a 
mile,  the  same  coal  is  seen  to  outcrop  16  feet  higher  upon  the  E.  side,  showing  a  dip  S.E.  of  '^coaf'^Shaion!'^^ 
20  feet  to  the  mUe.    The  coal  is  probably  300  feet  above  the  Shenango. 

The  coal  obtained  at  Clarksville  is  from  the  same  bed,  and  is  in  every  respect  similar  to  it :  it  is  good  coal, 
free  from  sulphur,  and  occurs  in  masses  of  considerable  size. 

This  seam  is  knowii  to  extend  for  some  distance  into  the  State  of  Ohio,  and  is  probably  the  same  with  the 
Warren  and  Akron  Coal-bed. 

Some  indications  were  seen  of  the  final  dying-down  of  an  axis  which  would  pass  near  the  mouth  of  Mos- 
quito Creek,  having  a  S.W.  and  N.E.  course  ;  but  as  this  did  not  cross  into  the  State  of  Pennsylvania,  no  time 
was  spent  in  ascertaining  its  existence  ;  details  connected  with  its  appearance  would,  however,  probably  account 
for  the  line  of  outcrop  of  the  coal-formation  taking  a  more  E.  and  W.  course  after  crossing  our  W.  State  line.  What 
becomes  of  the  coal  when  the  dip  sinks  it  down  to  water-level  towards  the  S.E.  is  not  known.  No  indications  were 
seen  of  it  between  Sharon  and  Pulaski,  and  at  the  latter  place  the  conglomerate  is  but  little  above  the  water- 
level  It  is  not  at  aU  improbable  that  a  bed  of  coal  which  has  exhibited  so  much  irregularity  elsewhere  should 
have  altogether  thinned  out,  or  shoidd  exist  only  at  undiscovered  intervals.  This  want  of  uniformity  appears 
in  many  places  to  mark  in  some  measme  the  earlier  periods  of  the  coal-formation ;  for  in  the  succeeding 
strata,  which  lie  between  the  Serai  conglomerate  and  the  Tioncsta  sandstone  (to  be  further  described),  very  general 
confusion  and  want  of  regularity  exist,  both  with  regard  to  the  coal-beds  themselves  and  the  strata  which  sepa- 
rate them. 

We  continue  the  details  of  the  Tionesta  group  of  Coal-measures  above  the  Serai  conglomerate,  by  returning 
to  the  neighbourhood  of  Franklin. 


CHAPTER  XIIL 

THE  NOETH-WESTERN  SIDE  OF  THE  SIXTH  BASm— (Continued). 
THE  TIONESTA  COAL,  FROM  FRANKLIN  WESTWARD. 

The  strata  enclosed  between  the  Serai  conglomerate  as  their  base,  and  the  Tionesta  sandstone  as  their  upper 
limit,  increase  considerably  in  thickness  W.,  and  contain  in  Mercer  County  the  most  valuable  bed  of  coal  which 
there  occurs.  On  both  sides  of  the  Alleghany  Eiver  we  see  the  Serai  conglomerate^  for  several  miles  below  the 
mouth  of  French  Creek,  at  a  considerable  elevation  above  the  water-level,  standing  out  in  bold  relief  upon  the 
river-hills.  No  exposures  occur  underneath  it  for  a  space  of  50  feet,  at  which  level  the  Vespertine  sandstone 
usually  begins.  All  the  country  on  the  S.E.  side  of  the  Alleghany  Eiver,  for  6  or  8  miles  back,  between  the 
Tionesta  and  the  mouth  of  Scrubgrass  Creek  (16  miles  below  Franklin),  is  occupied  by  the  conglomerate  and 
the  Tionesta  sandstone,  with  their  intermediate  shales  and  coal-beds.  This  tract,  however,  affords  few  or  no 
exposures,  and,  with  the  exception  of  the  deep  ravines,  like  those  of  Horse  and  Hemlock  creeks,  is  covered  with 
a  stunted  growth  of  chestnut  timber.  The  country  lying  N.W.  from  the  Clean  Road,  about  the  heads  of  Racoon 
Spring  and  Millstone  creeks,  is  overspread  by  the  same  rocks,  and  is  but  a  continuation  of  the  country  lying  to 
the  N.  of  the  Tionesta.   The  want  of  exposui-es,  owing  to  the  uncleared  state  of  this  part  of  the  Sixth  Coal- 
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basin,  has  prevented  the  collection  of  many  facts  relating  to  it.  The  Tionesta  Coal  is  supposed  to  exist  here 
between  the  two  sandstones,  but  is  not  seen  until  we  come  into  the  neighbourhood  of  Tionesta  village,  where  it 
has  been  opened.  To  the  S.W.  of  the  Tionesta,  exposures  are  hardly  more  frequent.  The  Tionesta  sandstone 
overspreads  the  general  level  of  the  country,  and  indications  of  the  coal  below  it  appear  on  Hemlock  Creek.  The 
coal  seen  in  the  vicinity  of  the  heads  of  Pine  Creek  and  Red  Run  belongs  to  this  seam,  as  also  that  6  miles 
S.E  of  Franklin,  on  the  turnpike.  Here  the  coal  is  opened  about  25  feet  below  the  summit  of  a  little  knoll  of 
black  and  brown  shale,  and  proves  to  be  a  true  cannel  coal,  about  20  inches  tliick,  of  good  quality,  burning 
freely,  and  looking  much  like  slate,  with  a  peculiar  fracture  and  lustre,  and  containing  vegetable  impressions. 

Bog  Ore. — Upon  Hemlock  Creek,  3  miles  from  its  mouth,  there  is  a  bank  of  bog-ore  of  considerable  extent. 
It  is  said  to  cover  4  acres,  and  to  l)e  about  1-i  feet  thick  in  the  middle.  Three  beds  of  bog-ore  occur  G  miles 
below,  upon  Horse  Creek  ;  they  cover  about  3  acres  each.  A  bank  of  hard  ore  was  at  one  time  opened  about 
2|  miles  from  Horse  Creek  Furnace,  and  3  mUes  from  the  river.  The  ore  occurs  in  shale,  and  consists  of 
nodules  from  G  to  10  inches  in  diameter,  with  a  thin  black  crust  on  the  outside,  and  a  yellowish  nucleus.  The 
opposite  side  of  the  Alleghany  River,  between  Franklin  and  the  mouth  of  Scrubgrass  Creek,  has  been  more 
fruitfid  in  exposures  than  the  country  we  have  just  passed  over.  For  the  first  5  miles,  however,  back  from  the 
river,  fragments  in  great  abundance  have  been  detached  from  the  Tionesta  sandstone,  and,  sliding  down  the 
sides  of  the  hiUs,  have  obscured  in  many  places  the  strata  which  occupy  a  lower  position.  In  French  Creek 
and  Sandy  Creek  townships,  therefore,  the  strata  which  occupy  the  intervening  space  between  the  Serai  con- 
glomerate and  the  Tionesta  sandstone  have  been  traced  with  great  difficidty. 

The  Tionesta  Coal-bed  is  twice  exposed — upon  the  river  below  the  mouth  of  Six-mile  Run,  and  4  mUes 
S.  of  Franklin. — (See  Fig.  398.)    At  the  latter  point  we  find  two  veins,  probably  from  30  to  40  feet  apart : 


Tionfsta 
Sand- 
atom 


Fig.  398.— Four  miles  S.W.       Fig.  399.— Three  miles  W.     Fig.  400.— A.  Hender- 
of  Franklin.  of  Sandy  Creek  Furnace.  son's,  Law's,  &c. 


Fig.  401.— Sandy  Lake. 


Fig.  402.- Three  miles  E. 
of  Mercer. 


the  lower  one  rests  upon  brown  shale,  which  is  immediately  above  the  -Serai  conglomerate.  The  coal 
itself  is  thin  and  poor ;  above  it  is  argillaceous  sandstone.  The  upper  bed  is  a  cannel  coal,  and  enclosed  in 
shales,  over  which  is  the  Tionesta  sandstone.  The  coal  found  on  the  E.  side  of  the  Alleghany  River,  and  in  the 
basin  of  the  Tionesta,  is  supposed  to  be  the  continuation  of  the  upper  of  these  two  beds.  On  a  hill  boimdiug 
Sandy  Creek,  and  E  of  the  road  from  Franklin  to  Scrubgrass  Creek,  the  Tionesta  Coal  has  been  discovered  near 
the  top  of  the  hill.    It  is  thin,  and  a  considerable  mass  of  the  Tionesta  sandstone  rests  above  it. 

Bog  Ore. — At  Sandy  Creek  Furnace,  several  small  deposits  of  bog-ore  are  seen  at  the  base  of  the  Serai 
conglomerate,  beneath  which  they  liave  issued.  One  of  the  deposits  lies  upon  a  terrace  of  the  lull  behind  the 
Furnace,  and  about  150  feet  above  the  level  of  the  Creek  ;  it  covers  about  three-fourths  of  an  acre,  and  is  from 
3  to  11  feet  deep,  but  averages,  perhaps,  about  4  feet  over  the  whole  area  The  ore  is  bright  yellow,  light,  with 
fine  crusts,  and  commands  at  the  Furnace  25  cents  per  ton.  Three  miles  W.  of  the  Furnace,  hard  ore,  belonging 
to  the  same  proprietors,  is  exposed  at  a  distance  of  25  feet  beneath  the  base  of  tlie  Tionesta  sandstone,  above 
a  bed  of  blue  argillaceous  fossiliferous  limestone,  15  inches  thick.  Above  it  are  the  following  strata,  ascending : 
Nodular  iron-ore,  3  inches,  immediately  upon  the  limestone  ;  brown  shale,  3  feet ;  ore,  3  inches  ;  brown  shale, 
2  feet ;  ore,  2  inches  ;  coal  doubtful — thin  if  present. — (See  Fig.  399.)    At  Rheno's  Furnace,  on  Big  Sandy 
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Creek,  bog-ore  has  likewise  been  found  at  the  base  of  the  conglomerate  :  it  covers  half  an  acre,  and  is  about  10 
feet  deep.  Its  colour  is  dark,  and  if  used  with  hard  ore,  in  the  proportion  of  thi-ee  parts  of  the  former  to  one  of 
the  latter,  it  is  said  to  make  good  iron.  Indications  of  the  Sharon  Coal-bed  were  noticed  a  short  distance  below 
the  base  of  the  Serai  conglomerate.  The  hard  ore,  used  at  both  the  furnaces,  comes  from  the  shales  belonging 
to  this  inferior  coal  group.  These  shales  are  situated  below  the  level  of  the  coal-seam,  and  are  chiefly  brown- 
colom-ed,  coai"se-gTained,  and  sometimes  sandy.  One  of  the  localities  where  it  is  mined  by  benching — Sandy  Creek 
rurnace — is  about  three-quarters  of  a  mile  S.E  of  the  works,  and  is  situated  on  the  level  summit  of  a  hiU. 
Brown  shale  and  soil  have  been  thrown  out  to  the  depth  of  5  or  10  feet.  The  ore  is  of  the  smaU  nodular  variety, 
and  only  tolerably  good.  The  other  place  is  2  miles  S.  of  the  Furnace  :  this  is  likewise  on  the  broad  level 
summit  of  a  hiU.  Above  the  ore  are  5  feet  of  brown  shale  and  clay,  covered  by  soil.  The  ore  consists  of  two 
varieties — the  blue-clay  ironstone,  in  flat  nodules,  from  18  to  24  inches  by  12  broad,  and  about  4  inches  thick  ; 
and  the  small  nodular  kind,  consisting  of  brown  and  black  crusts,  with  a  nucleus.  The  former  is  fine-grained, 
blue,  homogeneous  in  texture,  compact  and  hea\y,  containing  sometimes  particles  of  white  spar,  which  are  dis- 
persed throughout  it.  Tlie  hard  ore  of  Rheno's  Furnace  is  obtained  about  2  mUes  from  the  Furnace  on  the  creek  : 
it  is  foimd  on  the  top  of  a  hill,  as  in  the  other  localities,  and  in  the  same  bed  of  brown  shale  ;  nor  does  the  ore 
differ  materially  from  the  others.  The  shale  is  probably  thicker  here  than  further  N.,  in  the  neighbourhood  of 
MeadviUe  and  Sugar  Creek  Lake.  The  Sharon  Coal  is  said  to  have  been  found  beneath  the  conglomerate,  in  the 
hiU  on  the  S.  side  of  Sandy  Creek,  near  where  the  Franklin  and  Mercer  Road  crosses  it.  W.  of  Rheno's  Furnace, 
on  the  Mercer  Road,  Mr  J.  Adams  once  opened  a  drift  on  the  Tionesta  Coal-seam. 

About  three-quarters  of  a  mile  E.  of  the  county-line  this  bed  is  much  better  exposed  :  it  is  here  2  feet 
thick,  and  covered  by  black  and  brown  shale,  but  has  been  opened  half  a  mile  farther  S.,  6  feet  thick.  At  the 
latter  place  the  dip  has  brought  it  down  to  a  lower  level.  Its  divisions  read  as  follows  :  Shale  ;  Coal,  9  inches  ; 
Clay,  3  inches  ;  Coal,  5  feet,  with  some  sulphuret  of  iron,  but  good. — (See  Figs.  400  and  401.)  Above  it 
rises  the  massive  outcrop  of  the  Tionesta  sandstone,  half-way  up  the  hills,  capped  by  a  small  coal-ljed  (the 
Brook\dlle  Coal),  opened,  but  unfit  to  work,  a  fourth  of  a  mile  farther  W. 

The  lower  Porter  Coal-bed  apjjears  upon  the  Sandy  Creek  Hills.  Above  it  is  seen  abed  of  blue  argillaceous 
limestone,  similar  to  that  afready  mentioned  as  underlying  the  Tionesta  Coal. — (See  Fig.  400.) 

Henderson's  Drift,  in  Mercer  County,  half  a  mUe  from  the  Venango  line,  is  undoubtedly  on  the  Tionesta 
Seam,  and  the  high  land  between  the  heads  of  Little  Sandy  and  Mill  creeks  hkewise  contains  it.  It  has  been 
worked  near  the  source  of  the  latter  stream,  N.  of  the  Franklin  and  Mercer  Road,  where  it  rests  upon  and  is 
covered  by  brown  shale. — (See  Fig.  401.) 

In  the  neighbourhood  of  Sandy  Lake  the  Tionesta  Coal-bed  is  well  developed.  At  the  former  locality  there 
are  about  5  feet  of  good  coal;  covered  by  brown  shale,  which  contain  a  few  thinly-scattered  nodules  of  argilla- 
ceous ore.  Beneath  the  coal  is  a  yellow  sandstone,  sometimes  argillaceous.  Under  this  is  a  crushed  coal-bed, 
30  feet  beneath  the  Tionesta  Coal,  and  a  continuation  of  the  Upper  Porter  Bed.  This  is  the  most  Eastern 
opening  of  the  bed  yet  known  ;  but  it  is  not  here  workable. 

Fifteen  feet  beneath  the  Upper  Porter  Coal  is  the  blue  argillaceous,  fossiliferous  limestone,  15  inches  thick, 
containing  chiefly  Leptsena  and  elongated  concretions  of  iron,  from  a  fourth  to  half  an  inch  in  diameter,  and 
from  3  to  6  inches  long.  Under  the  limestone  is  shale,  which  rests  upon  the  representative  of  the  great 
conglomerate. 

The  hill  is  capped  by  the  Tionesta  sandstone.  About  half  a  mUe  W.  of  Brown's  Bank,  and  stiU  on  the  S. 
of  the  lake,  a  drift  was  opened  on  the  same  bed.  The  shale  which  usually  overlies  the  coal  is  here  wanting, 
and  the  Tionesta  sandstone  rests  immediately  upon  the  coal.  The  bed  measiu-es  in  all  6  feet,  the  upper  12  inches 
being  separated  by  12  inches  of  clay  from  the  4  feet  of  good  coal  below  :  the  floor  is  shale.  From  the  coal-bed 
down  to  the  lake,  a  vertical  depth  of  100  feet,  no  exj^osures  are  seen. 

On  the  N.  side  of  the  lake  the  same  seam  has  been  opened  ;  the  associated  rocks  are  the  same. 

On  Cool  Spring  Creek  the  limestone  has  been  found  sufficiently  thick  to  be  worked  for  the  lime-kiln.  It 
is  bluish  or  grey,  and  earthy  in  its  appearance. 
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The  Lower  Porter  Coal-bed,  5  inches  thick,  is  seen  immediately  miderlying  the  limestone,  which  is  exposed 
at  CriU's  Mill,  3  miles  E.  of  Mercer  Town,  where  it  is  3  feet  thick,  slaty,  earthy,  and  of  a  dark-blue  colour, 
containing  Producta  and  other  fossUs  in  abundance.  Here,  instead  of  coal,  we  see  from  2  to  3  feet  of  black 
bituminous  shale  beneath  it,  representing  the  Lower  Porter  Bed. 

At  CriU's  Mill,  3  miles  E.  of  Mercer  (see  Fig.  402),  we  have  the  following  section  : — 

Brown  Shale  ;  Coal,  4  feet  (ConoUy's)  ;  Sandstone  and  Shale,  Coal,  small  and  crushed  (Upper  Porter  Bed)  ;  Sand- 
stone ;  Shale.  Limestone,  3  feet.  Black  bituminous  Shale,  2  or  3  feet  (Lower  Porter  Coal) ;  Brown  Shale  ;  White 
flaggy  Sandstone. 

The  Conolly  opening  on  the  Tionesta  Coal  is  near  the  top  of  the  hill ;  the  coal  is  good,  but  wrought  to  dis- 
advantage. Dip  a  little  to  the  E.  of  S.,  but  occasionally  locally  reversed.    The  drifts  should  always  run  in  N.W. 

There  is  a  higher  point  of  ground,  half-way  between  ConoUy's  and  Mercer,  where  this  seam  might  be 
opened  on  the  S.E.  side  of  the  hiU.  The  spot  where  it  outcrops  is  marked  on  the  N.  and  W,  side  by  the  issue  of 
several  springs  of  water.    It  is  a  little  higher  than  the  level  of  ConoUy's  Drift. 


CHAPTER  XIV. 

NORTH-WESTERN  BORDER  OF  THE  SIXTH  BAS,m— {Continued). 
MERCER  AND  THE  BEAVER  RIVER. 

The  hiU  upon  which  the  town  of  Mercer  stands  exposes  sandstone  and  shales,  but  neither  the  limestone 
nor  coal-beds  of  the  Tionesta  group  have  been  discovered  in  it,  although  within  1  mUe  to  the  W.  they  are  exten- 
sively wi'ought.  One  faint  coal-smut,  the  outcrop  of  a  smaU  bed  struck  in  sinking  a  weU  in  the  outskirts  of  the 
town,  appears  upon  the  hiU-side  near  the  summit,  but  cannot  be  identified.  It  may  possibly  prove  to  be  the 
Tionesta  Bed,  greatly  thinned  away  ;  a  vein  made  probably  by  the  appearance  of  the  limestone  upon  the  turn- 
pike, 1  mUe  S.  of  the  town,  at  a  low  level.  It  is  there  from  12  to  15  inches  tliick,  and  has  the  Lower  Porter 
Bed  (from  12  to  20  inches  thick)  below  it— (S?e  Fig.  403.) 

On  the  hUl  some  distance  higher  up  the  run,  we  see  fragments  from  the  Tionesta  sandstone  bed.  Farther 
down  the  turnpike  on  the  Mercer  side  of  the  Toll-gate  the  same  Hmestone  may  be  traced  in  the  meadows.  Tliis 
shows  a  decided  dip  to  the  S.E. 

Wright's  Coal-bank  is  the  first  W.  of  the  town,  and  that  from  which  the  chief  supply  of  fuel  is  obtained. 
The  level  of  the  opening  is  a  little  lower  than  that  of  the  Court-house.  From  20  to  25  feet  of  black  and  brown 
shales  overlie  the  coal,  the  black  shale  containing  some  mumte  fossU-shells.  The  coal  is  5  feet  thick,  Ught,  com- 
pact, and  good.  At  Porter's  Drift  the  bed  is  6  feet  thick,  but  subdivided  by  a  band  of  black  slate  from  6  to  12 
inches  thick.    The  coal  is  not  so  pure  as  elsewhere. 

At  Davis's  opening  the  bed  yields  2^  feet  of  good  soimd  coaL  On  the  same  tract,  63  feet  below  the  coal- 
level,  we  see  the  Mercer  Umestone.  It  is  not  weU  exposed,  but  the  pieces  lying  near  ai-e  of  a  dark  colour,  with 
abundance  of  minute  fossUs.  The  strata  between  it  and  the  Mercer  Coal,  a  fourth  of  a  mUe  fiirther  W.,  are, 
as  we  descend  the  hill  to  the  Lackawanna  (see  Fig.  403),  as  foUows  : — 

Soil;  Brown  Shale,  5  feet ;  Black  Shale  and  fossil  Shells,  17  feet ;  Fire-clay,  1  foot.  Tionesta  Coal,  5  to  6  feet ; 
Fire-clay,  2  feet ;  Black  and  brown  Shale,  with  argillaceous  Sandstone,  30  feet ;  Black  Shale,  4  feet ;  Sandstone,  with 
vegetable  remains,  1  foot ;  Black  bituminous  Shale,  2  feet.  Upper  Porter  Coal,  1  foot ;  Fire-clay,  2  feet ;  Black  and 
brown  Shale  and  Sandstone,  6  feet.  Middle  Porter  Coal,  U  feet  ;  Sandstone,  6  feet ;  Bluish  and  brown  Shale,  with 
iron  ore,  14  feet.   Mercer  Limestone,  ]|  feet;  Lower  Porter  Coal,  1  foot ;  Blue  Shale,  with  iron  ore. 

We  have  here  a  striking  contrast  between  the  50  feet  thickness  of  intervening  shales  and  sandstones  and 
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the  coal-bed  of  the  Tionesta  region.    Yet  when  the  series  shall  have  been  thoroitghly  examined,  the  same  variable 
alternations  of  carbonaceons  and  non-carbonaceous  materials  may  be  devcloj^ed  there  as  here. 
A  mile  and  a  quarter  farther  W.,  a  similar  section  (Eig.  404)  was  obtained  as  follows : — 

Tionesta  Sandstone,  50  feet ;  Black  Shale  or  Clay,  1  foot.  Tionesta  Coal,  4  feet  (shale  in  the  middle)  ;  Fire-clay, 
and  blank  interval,  46  feet.  Blue  Shale,  11  feet.  Coal,  9  inches;  Brown  Shale,  2  feet.  Limestone,  18  inches. 
Lower  Porter  Coal,  1  foot ;  Bituminous  Shale,  2ifeet.  Coal,  1|  feet ;  Shale,  10^  feet.  Brown  Sandstone,  63  feet,  which 
is  the  representative  of  the  Serai  conglomerate. 


Fig.  403.— Mercertown.  FiG.  404.— Jenkin's  Mill.  Fig.  406.— Neshannock  Creek.         Fig.  407.— Two  miles  W.  of  Mercer. 


The  Lower  Porter  Bed  is  wrought  3  feet  thick  on  Mr  Porter's  farm  to  the  right  of  the  Sharon  Road.  The 
limestone  lies  upon  it,  and,  including  a  few  inches  of  calcareous  shale,  is  4  feet  thick.  But  both  coal  and  lime- 
.stone  change  their  respective  thicknesses  incessantly.  Thus  the  following  section  (see  Fig.  405)  was  made 
within  a  few  hundi'ed  feet  of  the  last  : — 

Brown  slaty  Sandstone,  20  feet;  Shale,  15  feet.   Middle  Porter  Coal,  2  feet;  Slaty  argillaceous  Sandstone,  pass- 
ing downwards  into  shale,  12  feet.  Mercer  Limestone,  2  feet.  Shale,  with  a  2-inch-thick  seam  of  coal,  15  feet. 
Again,  at  Porter's  Bank,  the  strata  appear  thus  : — 
Soil  and  diluvium,  15  to  20  feet ;  Rotten  Calcareous  shaly  Eock,  3  feet.    Limestone,  2^  feet.   Coal,  3  feet  ; 
Shale,  8  feet. 

Here  the  coal  is  light  and  good.  Beneath  the  8  feet  of  shale  appears  an  unknown  limestone.  The  shale, 
both  above  and  below  the  limestone  and  coal,  contains  a  considerable  quantity  of  argillaceous  iron-ore  in  small 
scattered  nodules.  This  is  the  case  on  the  Sharon  Road,  where  the  lower  shale-bed  is  usually  a  bluish  or  brown 
rock,  containing  some  non-continuous  bands  of  argUlaceous  sandstone.  Tliis  bed  is  seen  at  Jenkins  Mill,  2  mUes 
below  Mercer,  near  the  water-level  of  the  Neshannock  Creek,  where  the  following  section  (see  Fig.  406)  was 
compiled : — 

Shale,  containing  nodular  ore.    Coal,  15  inches;  Light  Shale,  with  ore;  Black  Shale,  with  ore,  2  feet;  Shale, 
3  feet,  with  five  layers  of  nodular  ore  ;  Sandstone,  with  vegetable  remains,  extending  G  feet  to  water-level. 

This  is  the  Serai  conglomerate.  The  ore  has  been  wrought  at  Springfield  Furnace,  where  the  Tionesta 
sandstone  is  finely  exposed — sometimes  as  a  conglomerate,  with  pebbles  as  large  as  a  common  pea. 

About  2  miles  W.  of  Mercer,  on  the  Micheltree  Road,  there  lies,  between  the  Tionesta  Coal-bed  and  the 
Tionesta  Sandstone,  but  an  inconsiderable  thickness  of  shale,  the  sandstone  being  about  50  feet  thick. — (See 
Fig.  407.)  The  coal-bed  at  Lafferty's  and  Adam's  is  divided  by  a  bed  of  black  slate,  from  12  to  15  inches 
thick,  as  at  Porter  s,  with  this  difference,  that  at  the  latter  drift  the  band  of  coal  beneath  the  slate  is  thicker  than 
that  above,  while,  at  the  former  places,  the  greatest  thickness  belongs  to  the  upper  band.  The  slate-band  gradu- 
ally approaches  the  bottom  of  the  coal-bed  as  we  proceed  W.,  until  it  at  length  entirely  shuts  out  the  lower  coal- 
member,  and  permits  the  upper  to  become  the  whole  bed  at  the  Shenango  Creek, 

The  limestone  in  this  neighbourhood  is  to  be  seen  about  GO  feet  below  the  coal,  and  may  be  well  studied 
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on  Law's  farm.  Two  feet  above  it  is  a  small  bed  of  coal,  less  than  a  foot  ia  thickness,  upon  which  rests  bluish 
shale.    Beneath  the  limestone  we  have, — 

Coal,  1  foot ;  Black  Bituminous  Shale,  1|  feet ;  Brown  Shale,  14  inches  ;  Black  Bituminous  Shale,  7  inches  ; 
Coal,  20  inches. 

Twelve  or  fourteen  feet  beneath  the  lowest  coal  appears  the  top  of  the  Serai  conglomerate.  These  mines 
may  be  said  to  mark  the  last  outcrop  of  the  beds  of  the  Tionesta  Group  toward  the  N.W. 

Seven  miles  W.  of  Mercer,  on  the  Sharon  Road,  the  top  of  a  high  ridge  receives  the  Tionesta  Coal-bed 
within  20  feet  of  the  summit,  whUe  below  it  appear  fragments  of  the  limestone  stratum.  The  coal  is  evidently 
a  workable  bed  at  this  its  last  appearance.  On  Hog-back  Run,  4  mUes  or  more  S.  of  Sharon,  and  about  2  miles 
from  its  entrance  into  the  Shenango,  on  its  E.  bank,  the  Mercer  Limestone  and  its  underlying  coal  again  appear. 
The  limestone  lies  in  blocks  in  the  stream,  and  the  shale  beneath  it  contains  a  considerable  quantity  of  blue  nodular 
iron-ore.    The  limestone  is  seen  again  farther  down  the  Shenango,  near  Paoli,  generally  sinking  to  a  lower  level. 

In  the  neighbourhood  of  Newcastle,  three  tolerably  complete  sections  were  obtained  (see  Figs.  408, 
409,  410.)  The  following  is  from  a  stream  emptying  into  the  Neshannock,  2  miles  above  the  town,  on, the  W. 
side  of  the  Creek  (see  Fig.  408)  : — 

Tionesta  Sandstone,  50  feet  ;  Iron  Ore,  6  inches.  Limestone  and  Chert,  2  feet ;  Interval,  8  feet ;  Blue  Slate,  2  feet ; 
Clay,  6  inches  ;  Black  Shale,  li  feet ;  Light-coloured  Shale,  3|  feet.  Light-blue  Shale,  with  bands  of  sandstone,  4  or 
more  feet.  Interval,  6^  feet.  Mercer  Limestone,  \\  feet.  Light-coloured  Shale,  with  sandy  seams,  5  feet.  Coal,  6 
to  8  inches,  bituminous.  Slate,  2  feet ;  Bluish  crumbly  Shale,  2i  feet.  Greyish  rotten  Sandstone,  with  vegetable  im- 
pressions, H  feet ;  Sandstone,  flaggy,  8  feet ;  Brown  Shale,  5  to  6  feet ;  Bituminous  Shale,  li  feet ;  Bluish  or  grey 
slaty  Sandstone,  with  much  vegetable  matter,  5  feet ;  Sandstone,  70  or  more  feet  (Serai  conglomerate). 

We  here  see  the  two  great  sandstones  separated  again  by  an  interval  of  only  61  feet.  The  coals  above  the 
Mercer  Limestone  are  gone,  or  represented  by  bituminous  shale  ;  another  limestone,  accompanied  by  black  flint 
and  a  hard  silicious  iron-ore,  is  now  first  noticed  as  occurring  at  the  base  of  the  Tionesta  Sandstone.  There  is 
but  one  interval,  of  8  feet,  where  the  Tionesta  Coal  could  conceal  itself,  and  this  occurs  in  the  proper  position  ; 
but  it  is  more  probably  represented  by  1  i  feet  of  bituminous  slate. 

The  following  section,  made  at  a  point  about  a  mile  N.W.  of  Newcastle,  on  a  little  rim  emptjdug  into  the 
Shenango  (see  Fig.  409),  shows  that  conformity  of  one  section  to  another,  where  obtained  at  different  localities, 
though  of  the  same  series  of  beds,  is  not  to  be  expected  in  the  lower  portion  of  the  great  Coal-foi-mation  : — 

Tionesta  Sandstone,  50  feet.  Coal  and  bituminous  Shale,  3  inches  ;  Brown  and  blue  Shale,  1  to  6  feet.  Limestone, 
cherty  and  ferruginous,  2  feet.  Coal,  12  inches  ;  Light-coloured  Shale,  blue  at  the  top,  6  to  8  feet ;  Argillaceous  Sand- 
stone, 2  feet ;  Light-coloured  Shale,  12  to  13  feet.   Bituminous  Shale  and  Coal,  4  feet  ;  Blue  sandy  Shale,  G  feet  ; 

Beneath  the  main  Serai  conglomerate 
appears  a  bed  of  bro"\vn  shale,  containing  ore 
well  exposed,  at  the  W.  end  of  the  bridge 
over  the  Shenango.  This  ore,  with  that  de- 
scribed repeatedly  in  the  last  chapter  as 
accompanying  the  Sharon  Coals,  may  very 
properly  be  considered  the  representative  of 
the  upper  red-shale  ore,  assuming  still  greater 
importance  in  connection  with  a  lower  coal- 
series  on  the  borders  of  Yii-ginia,  and  along 
the  line  of  Chestnut  Ridge. 

Sections  408  and  409  are  less  than  3 
miles  asunder,  although  displaying  so  great  a 
diversity  in  the  series  of  the  beds.  Compare 
the  lower  coal,  &c.,  in  the  vertical  columns,  403,  404,  and  407,  with  those  of  408  and  409.  In  section  409 
the  lower  limestone  may  have  been  overlooked. 


Flaggy  Sandstone  (S.  C),  argillaceous  at  top,  75  feet  or  more. 
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Fig.  408.— Two  miles   Fig.  409.— One  mile  N.W. 
above  Newcastle.  of  Newcastle. 


Fig.  410.— Two  miles  below 
Newcastle. 


MAHONING  LIMESTONE. 
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The  upper  limestone  will  be  called  hereafter  the  Mahoning  limestone,  because  well  developed  along  that 
river :  it  is  well  seen  in  the  runs  that  empty  into  the  Mahoning,  some  5  or  6  miles  above  its  junction  with  the 
Shenango,  where  the  series  of  strata  does  not  differ  materially  from  that  given  in  the  last  section.  W.  of  the  State 
line  the  iron  ore  which  accompanies  this  limestone  has  been  mined. 

At  the  junction  of  the  Mahoning  and  Shenango  creeks,  the  Serai  conglomerate  sandstone  is  well  seen,  and 
also  in  the  immediate  vicinity  of  Newcastle.  In  some  portions  it  is  highly  argillaceous,  but  above  the  middle  of 
the  bed  it  is  thick-bedded,  soft,  and  but  little  mixed  with  argillaceous  bands.  Its  whole  thickness  is  about  100 
feet.  The  Tionesta  measures  average  60  feet,  and  the  upper  or  Tionesta  sandstone,  which  is  more  solid  in  this 
locality  than  the  Serai  conglomerate,  may  be  estimated  at  about  the  same  thickness.  The  distance  of  the  upper 
surface  of  the  Tionesta  sandstone  above  the  Neshannock,  at  Newcastle,  was  found  by  levelling  to  be  240  feet : 
the  lowest  20  feet  consist  of  shales,  seen  at  the  bridge  at  the  W.  end  of  the  town. 

At  Big  Run,  2  miles  below  Newcastle,  the  following  imperfect  section  (see  Fig.  410)  was  compiled : — 

Tionesta  Sandstone  ;  Blue  Shale  with  iron  ore,  6  feet.  Coal,  H  feet ;  Blue  Shale,  8  feet,  very  argillaceous ; 
Rotten  Sandstone,  2^-  feet  ;  Blue  and  brown  Shale,  with  2^  feet  of  sandstone  at  the  bottom.  Bituminous  Shale,  from 
21  to  3  feet.   Merca-  Limestone  ;  Shale,  3  feet,  blue  ;  Shale,  with  concretions  of  iron  ore  ;  Interval,  25  to  30  feet. 

Serai  Conglomerate  Sandstone. — Down  the  Beaver  River  the  rocks  are  not  well  exposed.  The  Serai  con- 
glomerate sandstone  passes  imder  the  water-level  above  the  mouth  of  the  Conequenessing  Creek.  At  Wompum 
HiE,  a  bed,  supposed  to  be  the  Mahoning  Limestone,  is  seen  42  feet  above  the  Beaver  River.  At  the  mouth  of 
Conequenessing  the  Tionesta  Sandstone  is  seen  on  the  hill,  where  large  blocks  are  lying  about  the  surface,  and 
on  Slippery  Rock  Creek,  from  its  mouth  up  to  the  bridge  at  the  Mercer  Tui'npike :  there  it  passes  under  the 
water-level.  From  the  mouth  of  the  Conequenessing  down  toward  Brighton,  the  Tionesta  Sandstone  may  be 
seen  on  both  sides  of  the  Beaver  River,  declining  gradually  to  a  lower  level,  until  at  length  it  sinks  into  the 
bed  of  the  river,  and  forms  the  upper  fall  above  Old  Brighton. 

On  the  Eastern  side  of  the  Beaver,  a  little  above  the  falls,  some  of  its  beds  are  divided  diagonally  by  curi- 
ously undulating  hues,  which  are  probably  lines  of  deposition ;  these  belong  only  to  certain  beds,  and  rarely  pass 
from  one  bed  to  another.  Generally  speaking,  the  stratum  so  disposed  is  separated  from  the  next  similar  stratum 
by  one  or  more  thin  layers  of  sandstone,  destitute  of  these  transverse  lines,  all  of  which  have  an  E.N.E.  and  W.N.W. 
strike,  dipping  nearly  W.N.W. 


CHAPTER  XV. 

SIXTH  BASIN  IN  JEFFEESON  AND  CLAEION  COUNTIES;  COAL-BEDS  ABOVE 

THE  TIONESTA  SANDSTONE. 

Some  of  the  hiUs  between  the  Tionesta  and  Racoon  creeks  seem  high  enough  to  receive  the  first  or  second 
beds  above  the  Tionesta  Sandstone,  although  in  the  wilderness  condition  of  the  country  this  could  not  be  experi- 
mentally proved.  It  is  certain  that  these  beds  overspread  much  of  the  region  between  Racoon  Creek  and  the 
Clarion,  some  of  the  higher  hdls  containing  rocks  even  as  high  as  the  Ferriferous  Limestone.  The  most  northern 
locality  in  the  basin  in  which  this  rock  has  been  discovered,  is  near  the  Forest  Coimty  boundary,  and  upon  the 
central  Kne  of  the  basin,  about  5  miles  N.W.  of  the  fifth  axis.  Fragments  of  it  lie  about  the  soil,  accompanied 
by  pieces  of  iron  ore  and  lumps  of  chert. 

The  Clarion  Coal-Bed  is  seen  beneath  it  30  feet ;  below  which,  at  an  equal  distance,  is  the  place  for  the 
BrookviUe  Coal,  not  here  discovered  ;  10  feet  more  bring  us  down  to  the  top  stratiun  of  the  Tionesta  Sandstone. 
—(See  Figs.  411  and  412.) 

The  Clarion  Coal-bed  at  its  outcrop  on  Leach's  Farm,  in  Farmington  Township,  is  4z  feet  thick,  and  good ;  roof 
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brown  sliale,  4  feet.  Again,  3^  miles  to  the  S.E.  it  is  4  feet  thick,  good,  but  slightly  pyritous.  Again,  1  mUe  to 
the  E.  it  seems  to  be  but  2^  feet  thick  ;  quality  good :  the  roof  is  shale,  25  feet  thick 

The  Broohville  Goal  is  here  traced  with  difficulty.  It  is  seen  2  miles  N.W.  of  Leach's,  fi'om  18  to  20 
inches  thick ;  30  or  40  feet  of  brown  shale  and  argillaceous  sandstone  lie  between  it  and  the  Clarion  Coal,  and  a 
few  feet  of  the  same  rock  below  it,  to  the  Tionesta  Sandstone. 

The  Clarion  Coal  and  Ferriferous  Limestone  occui',  at  Copp's  Settlement ;  miles  N.  of  the  Settlement ;  at 
Henley's,  1  mUe  W. ;  at  the  ]\Ieadows,  at  the  head  of  Six-mile  Run,  5  miles  W.  of  the  Settlement ;  and  on  the 
Eastern  limit  of  the  basin  E,  of  the  Jefferson  County  line,  and  a  httle  back  from  the  Clarion  River,  where 
exposures  are  rare  and  imperfect.  The  Tionesta  Sandstone  arches  over  the  fifth  axis  as  a  sm'face  rock,  occupy- 
ing even  the  highest  grounds,  along  a  strip  of  country  4  or  5  miles  wide. 

In  the  bed  of  Mill  Creek  and  all  the  streams  which  empty  into  the  Clarion  on  either  side,  but  more  espe- 
cially those  which,  having  their  source  in  the  Fifth  Basin,  cross  the  axis  and  flow  into  it  from  the  S.E.,  the  massive 
rocks  of  the  Serai  conglomerate  are  exposed,  and  the  underlying  Vespertine  and  Vergent  series  are  seen  in  the 
deep  gorges  of  Spring  Creek  and  the  Clarion  River,  and  in  Laurel  Run,  and  above  the  mouth  of  MiU  Creek. 

Bog  Iron-Ore. — The  base  of  the  Serai  conglomerate  is  the  position  at  which  we  find  the  chief  bog-ore 
deposits  of  the  Clarion. 

Several  of  these  deposits  occur  in  the  vicinity,  and  on  the  W.  side  of  the  Clarion  in  Farmington  Township, 
and  are  worthy  of  notice.  They  are  about  a  mile  below  the  mouth  of  Laurel  Run  ;  and  upon  the  opposite  side  of 
the  river,  between  two  small  streams,  from  5  to  10  acres  are  covered  with  this  ore.  The  deposit  at  AUsbach's 
is  said  to  be  three-fourths  of  a  mile  long.  Two  miles  N.  of  this  there  is  another  extensive  deposit  of  the  same  iron 
ore.  On  the  opposite  side  of  the  Clarion,  up  Laurel  Run,  there  are  several  other  deposits  more  or  less 
extensive. 

On  some  of  the  higher  hiUs  in  the  neighbourhood  of  the  village  of  Corsica,  upon  the  Jefferson  County  Kne, 
where  the  Brookville  Turnpike  crosses  it,  the  Freeport  Limestone  has  been  found  within  a  few  feet  of  the  surface. 
One  of  these  hills  is  near  the  turnpike,  a  mile  E.  of  the  town.  The  Ferriferous  Limestone  is  commonly  found  at 
the  base  of  the  hills. 

Few  attempts  were  made  to  trace  the  exact  outcrops,  or  to  refer  the  different  coal-drifts  to  their  respective 
seams  in  the  country  bounding  the  Clarion  above  MiU  Creek.  The  hiUs,  which  are  sufficiently  high  to  reach  the 
base  of  the  Ferriferous  Limestone,  everywhere  contain  two  coals,  the  Clarion  and  Brook\'ille  beds.  !Many  of  the 
hills  which  are  not  high  enough  for  the  former,  contain  the  latter  ;  and  both  of  them,  together  with  the  super- 
posed limestone,  crop  out  in  a  line  running  nearly  parallel  to  the  axis,  from  the  Clarion  about  2  miles  above  the 
Jefferson  County  line  to  MUl  Creek,  3  or  3J  miles  back  from  its  mouth. 

Tlie  Ferriferous  Limestone  at  its  outcrop  is  only  seen  in  a  few  romided  isolated  knobs,  which  are  easily 
recognised,  and  have  a  somewhat  regular  range  corresponding  to  that  of  the  axis.  It  is  accompanied  by  its 
characteristic  chert  and  iron  ore. 

The  limestone  and  underlpng  coals  are  well  seen  5  miles  below  the  mouth  of  Laurel  Run,  on  Paint  Creek, 
and  at  the  top  of  another  high  knoll,  1  mile  below  the  mouth  of  Laurel  Run  in  Farmington  Township. 

Tlie  Buhrstone  or  Chert  at  these  localities  is  abundant,  compact  in  texture,  giey  externally,  light  blue  when 
fractured,  and  covers  the  surface  with  fragments  from  3  to  12  inches  in  diameter.  The  Brookville  Coal  is  seen 
below  it. 

The  same  beds  occur  on  many  knolls  between  Laurel  Run  and  Stratton\alle.  The  chief  obstacle  to  an  easy 
discovery  of  it  arises  from  the  fact  that  the  limestone,  when  thin,  is  easily  decomposed  ;  it  is  not  apt  to  form  a 
bench  or  terrace  along  the  slopes. 

As  the  basin  deepens  S.W.,  this  system  of  beds  gradually  descends  to  the  base  of  the  isolated  hiUs,  and  finally 
overspreads  the  whole  countiy.  Many  of  the  hiUs  in  Paint  Creek  Township,  and  about  the  heads  of  Deer  Paint 
Creek,  embrace  an  ore  capped  by  the  limestone,  and  at  a  lower  level  show  the  Clarion  and  Brook\'ille  coal-beds. 

At  Lucinda  Furnace,  on  the  high  ridges  on  each  side  of  Deer  Creek,  the  limestone  is  seen  capping  the  hiU, 
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accompanied  by  the  chert  and  iron  ore.  At  the  ore-bank  about  1^  miles  S.E.  of  the  Furnace,  and  near  the  level 
top  of  the  liill,  the  stratification  is  as  follows  : — 

Clay,  covered  with  soil,  from  4  to  5  feet.    Iron  Ore,  from  6  to  24  inches.    Chert  ;  limestoue.    (See  Fig.  412.) 

The  ore  is  variable  in  its  characters,  being  sometimes  a  solid,  hard,  blue  fossiliferous  stratum,  looking  like 
limestone,  while  at  others  it  consists  of  crusts  or  shells,  containing  cavities  and  concentric  nodules.  These  nodules 
are  sometimes  9  inches  in  diameter,  and  contain  a  yellowish  nucleus,  surrounded  by  a  hard  black  crust  a  fourth 
of  an  inch  thick.  The  chief  part  of  the  ore,  however,  does  not  consist  of  regularly-formed  nodules,  but  of  small 
crusts,  which  look  like  fragments  of  larger  masses,  and  break  into  small  pieces.  These  frequently  contain  cavi- 
ties filled  with  an  unctuous  dark-coloured  fluid,  which  escapes  when  the  shell  is  broken.  The  inside  of  these  crusts 
is  usually  smooth,  sometimes  of  a  beautiful  glossy  black  colour,  or  covered  with  minute  yellow,  purple,  or  violet- 
coloured  crystals  :  this  is  most  common  nearest  to  the  chert.  In  the  upper  part  of  the  ore  stratum,  the  shells 
are  much  mixed  with  yellow  clay,  which  itself 
contains  much  peroxide  of  iron.  Between  the 
limestone  and  the  ore  lies  the  chert,  which  passes 
sometimes  into  one,  sometimes  into  the  other, 
in  which  latter  case  it  is  often  highly  coloured 
by  the  peroxide  of  iron.  The  limestone  is  known  30  0.. 
to  exist  at  places  several  miles  to  the  N.  and  N.W. 

25  0.. 

On  the  hill  opposite  the  Fiunace  a  coal-bed 
has  been  opened,  from  4  to  5  feet  thick,  of  good 
quahty,  and  40  feet  below  the  limestone,  at  the  ^  ^ 
summit.    The  same  bed  is  wrought  1  mile  S.  of 
this.  It  is  a  question  whether  this  is  the  Clarion 

or  the  Brookville  Coal. — (Compare  Figs.  411,  Fig.  411.— Racoon  Creek,  Fig.  412.— Lucmda  Fig.  413.— Strattonville 
,    „        ■,   . ,  ^  X  Clarion  River.  Furnace.  (three  Sections). 

412,  and  413.) 

Bog  Ores. — On  land  belonging  to  Lucinda  Furnace  on  Paint  Creek,  two  bogs  have  formed  from  ore  is.suing 
from  beneath  the  Serai  conglomerate,  each  covering  half  an  acre  of  ground,  and  from  2  to  8  feet  deep. 

Fom-  miles  N.  or  W.  of  Lucinda  Furnace,  the  Ferriferous  Limestone  and  its  ore  have  been  dug  or  benched 
away  over  an  area  of  more  than  an  acre,  xipon  the  summit  of  a  very  high  hill.  Over  them  lie  blue  and  brown 
shales  4  feet  thick.    The  ore  is  chiefly  shell-ore ;  the  limestone  dark-blue  and  heavy. 

In  the  deep  gorges  of  the  Clarion  River,  and  most  of  the  larger  streams  that  empty  into  it,  the  massive 
sandstone  which  represents  the  Serai  conglomerate  may  be  seen  resting  immediately  upon  a  light  olive  and 
greenish-coloured  shale,  more  or  less  arenaceous,  and  breaking  into  wedge-shaped  fragments.  These  are  the 
Sharon  Measures.  They  contain  two  bands  of  sandy  ii'on-ore  easily  wrought,  and  free  from  sulphur.  They  may 
be  studied  at  the  mouth  of  Paint  Creek,  one-third  of  a  mile  above  the  Clarion  River  Bridge. 

Issuing  from  the  base  of  the  conglomerate,  bog-ore  is  found  E.  of  ShippensviUe,  also  in  Elk  Township,  and 
in  Beaver  Township.  A  bog,  one-third  of  a  mile  S.E.  of  the  Lucinda  Furnace,  covers  an  acre  of  ground,  and 
averages  3  feet  in  depth  ;  while  one  of  equal  deptli,  a  mile  N.  of  the  Furnace,  covers  from  2  to  3  acres. 

At  the  county-seat  of  Clarion  the  Clarion  Coal-bed  lies  40  or  45  feet  beneath  the  Court-house.  It  has  been 
opened  at  its  outcrop  upon  the  face  of  the  hill  overlooking  the  Clarion  River.  The  bed  is  3  feet  thick,  but  yields 
coal  too  impure  for  common  use,  because  of  the  sulphm-  and  pyrites  which  it  contains.  Attempts  were  made 
by  Judge  Myers  to  find  the  Brookville  Bed,  but  they  were  not  attended  with  success.  The  latter  coal  is  said  to 
have  been  penetrated  by  a  well  sunk  many  years  ago  on  the  high  ground  near  the  Court-house,  at  a  distance  of 
30  or  40  feet  below  the  upper  coal.  E.  of  the  town  the  lower  coal  was  bored  into  several  feet ;  and  it  is  highly 
probable  that  the  same  bed  may  be  found  of  workable  size  at  Clarion,  after  it  has  been  fairly  entered  beneath  the 
hilL 

At  StrattonviUe  the  series  of  rocks,  as  exhibited  in  Fig.  413,  is  the  same  that  we  have  been  consider- 
voL.  ir.  4  c 
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ing.  The  fifth  axis  crosses  the  Brookville  Turiiijike  about  3  miles  W.  of  the  Jefferson  County  line,  and  brings 
up  the  Tionesta  Sandstone,  dipping  each  way  at  an  angle  never  exceeding  two  degrees.  At  Strattonville  the 
upper  beds  of  the  Tionesta  Sandstone  are  seen  in  the  hollows  crossed  by  the  turnpike,  while  the  trough  of  the 
Clarion  Eiver  cuts  down  into  the  Vespertine  sandstones. 

Here  the  Brookville  Coal  is  the  principal  bed,  whereas  to  the  W.  and  S.W.  the  Clarion  Bed  is  the  largest. 
The  former  is  4  feet  thick  (Fig.  413.)  At  Strattonville,  7  miles  W.  of  Brookville,  it  is  opened  almost  on 
the  anticlinal  axis,  dipping  only  half  a  degree  S.E.,  where  it  is  3  feet  thick.  At  the  bottom  of  a  well,  sunk 
thi'ough  30  feet  of  black  and  blue  slates,  there  are  large  quantities  of  nodules  of  very  fine  carbonate  of  iron 
enclosed  in  shale.  No  limestone  could  be  seen.  These  strata  are  above  the  Brookville  Coal.  Thirty  feet  above 
the  mouth  of  the  well  was  a  clearly-defined  coal -bench  in  the  hill- side,  probably  the  Kittanning  Coal. 

The  ore  said  to  be  passed  through  6  feet  beneath  the  Ferriferous  Limestone  in  Lowrie's  Well  at  Stratton- 
ville, corresponds  in  position  to  that  found  beneath  the  same  stratum  at  the  Great  Western  Furnace  on  the 
Alleghany  River,  and  elsewhere  farther  W.  The  Buhrstone  ore  and  Ferriferous  Limestone  appear  on  the  slopes 
of  the  hill  around  Wilson's  opening  in  the  Brookville  Coal-bed,  which  dips  2°  N.W.,  and  is  4  feet  thick.  The  very 
white  and  massive  sandstone,  seen  for  a  thickness  of  50  feet  below  the  coal,  is  the  Tionesta  Sandstone  :  imder 
it  there  are  evidences  of  the  presence  of  the  Tionesta  Coal-bed. 

The  diminution  in  the  whole  thickness  of  rocks  between  the  Ferriferous  Limestone  and  the  Tionesta  Sand- 
stone in  this  neighbouihood,  as  well  as  the  thinning-out  of  the  Clarion  Coal-bed,  are  worthy  of  remark.  The 
section  from  Lowrie's  Well  is  as  follows — (see  Fig.  413)  : — 

Slate,  24  feet.    Chert  or  Buhrstone,  2  feet.    Limestone,  4  feet.    Shale,  with  iron  ore,  35  feet.    Coal  {Brooh>ille,) 
3  feet ;  Shale  ore  ;  Tionesta  sandstone. 

The  hill-sides  W.  of  Strattonville,  sinking  down  to  the  Clarion  water-level  about  300  feet,  give  the  fol- 
lowing section  : — 

Kittarming  Coal,  thin  (here  first  observed  going  S.W.)    Interval,  80  feet.    Limestone,  4  feet.   Interval,  12  or  lo 
feet ;  Clarion  Coal,  9  inches.    Interval,  from  1.5  to  20  feet. 

Western  Side  of  the  Clarion.  —  The  Tionesta  Sandstone  is  the  prominent  cliff- rock  in  all  the  valleys 
that  enter  that  of  the  Clarion  upon  its  right  bank. 

At  the  Deal  Bank,  2  miles  S.  of  Shippensville,  the  Ferriferous  Limestone-ore  has  been  extensively  wrought 
upon  a  flat-topped  hill.  The  ore  was  from  6  to  4  feet  thick,  being  exceedingly  variable  even  in  short  distances. 
Over  it  lie  about  6  feet  of  argillaceous  slaty  sandstone  and  shale  bedded  in  a  very  in-egular  manner,  and  divided 
in  several  places  by  joints.  Above  this  lies  a  brown  shale.  The  ore  is  accompanied  by  chert,  which  occurs  in 
pieces  from  10  to  4  inches  square,  and  appears  to  be  most  abundant  in  the  upper  part  of  the  ore-bed.  The 
limestone  is  separated  from  the  base  of  the  ore-bed  by  a  greenish  slaty  sandstone  several  feet  in  thickness. 

Th  e  Clm-ion  Coal-Bed  has  been  opened  in  this  neighbourhood.  It  cannot  be  much  more  than  1-5  feet  below 
the  limestone.  It  is  from  22  to  3  feet  thick.  The  Brookville  Coal  is  upwards  of  20  feet  lower  down,  and  is  an 
inconsiderable  bed.  Both  these  coals  have  likewise  been  opened  on  the  Deer  Creek  Hills,  where  they  are  40  feet 
apart ;  the  upper  one  2  feet,  and  the  lower  one  from  2  to  4  feet  thick. 

The  Tionesta  Coal  is  here  seen,  beneath  the  Tionesta  Sandstone,  14  inches  thick. — (See  Fig.  413.) 

The  Kittanning  Coal  is  STipposed  to  exist  in  the  high  knobs  4  miles  upon  the  Emlenton  Eoad,  S.W.  of 
Berlin's  Old  Tavern,  4i  miles  W.  of  Shippensville,  with  remnants  of  the  arenaceous  slate-group  above  it,  and  with 
80  feet  of  strata  below  it  to  the  Femferous  Limestone.  Proceeding  into  Elk  Creek  and  Rockland  townships,  we 
see  the  Tionesta  Sandstone  still  more  abundantly  in  the  hollows  and  ravines  ;  and  the  Serai  conglomerate  is  in 
the  deep  trench  of  Six-mile  Run.  A  few  of  the  most  elevated  knobs  are  capped  by  the  limestone,  and  contain 
the  underlying  coal.  The  former  is  seen  cropping  out  2  miles  E.  of  Myerstown  on  the  turnpike  at  SLx-mile 
Run,  and  also  on  another  hiU  2  miles  toward  the  S.S.E.  We  find  its  line  of  outcrop  marked  by  a  series  of  small 
rounded  hills,  which  pass  nearly  thi'ough  the  middle  of  Rockland  Township.  The  outcrop  of  the  Clarion  Coal- 
bed  conforms  to  that  of  the  limestones  above  it.    It  enters  only  a  few  straggling  knobs  beyond  this,  towards  the 
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N.W.  That  of  the  Brookville  Coal  is  perhaps  2  miles  still  forther  in  the  same  direction.  This  1)6(1  is  found  only 
occasionally  upon  the  Alleghany  River  above  the  mouth  of  Scull's  Run — the  upper  beds  not  at  all  ;  but  they  all 
appear  upon  the  hills  where  these  become  higher,  half  a  mile  or  more  back  from  the  river. 

Two  miles  below  the  mouth  of  Scull's  Run  the  following  section  (see  Fig.  41 G)  was  obtained  : — 


Cofit 

Fig.  414.— Deal's  Bank,       Fig.  415.— Deer  Crcok.        Pig.  416.— Scull's  Run.     FiG.  417.— Kocklandtown.        Fig.  418.— Alsboch's. 
Shippens^ille. 

Sandstone,  8  feet  exposed.  Ferriferous  Limestone,  10  feet.  Interval,  15  to  20  feet.  Clarion  Coal,  3  feet ;  Brown 
Shale  with  iron  ore,  40  feet.  Brookville  Coal,  4  inches ;  Black  Slate,  1  foot ;  Coal,  3  inches ;  Black  Slate,  3  feet ; 
Coal,  1 8  inches  ;  Black  Slate  ;  Slaty  (Tionesta)  Sandstone. 

The  four  beds  of  nodular  ii-on-ore  in  the  40-feet  interval  are  in  the  descending  order,  according  to  the  names 
by  which  they  are  locally  knovni,  as  follows  : — 

1.  "  Roll  Ore,"  in  masses  from  2  to  3  feet  long,  and  from  8  to  12  inches  thick,  coarse-grained.  2.  "  Pig  Ore,"  in 
cyclindrical  nodules,  from  G  inches  to  2  feet  in  length.  3.  Small  nodular  band  "  Flag  Ore,"  in  flags  from  6  to  20 
inches  in  breadth,  scaling  off  in  conchoidal  crusts  upon  exposure. 

The  presence  of  the  Tionesta  Goal  is  indicated  along  the  river-hills  by  its  outcrop  smut  ;  and  the  ore  of 
this  series  is  mined  at  Campbell's,  and  at  the  same  height  on  the  W.  side  of  the  river.  The  shale  above  and 
below  the  coal  contains  more  or  less  ore. 

Bog  Iron  Ore  occurs  on  the  lands  of  Messrs  Rockwell  &  Co.  in  four  places, — J.  F.  Retter ;  Boyne,  J. 
Brown  ;  Brigham  estate,  three  places  ;  Rockwell  &  Co.,  Pine  Creek  ;  Nichol's,  Scull's  Run  ;  SmuUer,  half  a  mile 
E.  of  the  furnace  ;  and  Thompson.    Mr  SmuUer's  bog-ore  covers  10  acres,  from  1  to  4  feet  deep. 

In  Richland  Township  the  bog-ore,  issuing  from  the  base  of  the  Serai  conglomerate,  occurs  on  the  lands  of 
Messrs  J.  Shaeffer,  J.  Piatt,  Win.  Carn,  and  Wm.  Knobs. 

In  the  knolls  upon  Crawford's  Farm  the  limestone  is  seen.  Beneath  it  is  the  Clarion  Coal-bed,  3h  feet 
thick.  The  Brookville  Bed,  though  not  exposed  here,  is  seen  3  miles  S.  in  a  rather  deep  hollow,  the  alterna- 
tions of  shale  and  coal  bei::ig  as  follows :  — 

Soil,  2  feet  ;  Coal,  15  inches  ;  Soft  Black  Shale,  15  inches;  Coal,  8  inches  ;  Shale,  30  inches;  Coal,  8  inches  ; 
Hard  Shale,  18  inches ;  Coal,  5  feet,  which  last  has  been  opened  by  Mr  Purviance,  a  mile  distant. — (See  Fig. 
417.) 

The  limestone  spreads  itself  very  generally  tlirough  the  S.  and  S.E.  parts  of  this  township,  and  is  accom- 
panied in  some  places  by  the  iron  ore  and  buhrstone.  The  latter  is  found  at  J.  Shaeffer 's,  Peter  Bouch's, 
J.  Alsboch's,  &c.  Five  miles  from  Emlenton,  and  about  10  miles  from  Shippensville,  all  the  strata  in  connec- 
tion with  the  limestone  are  well  exposed,  thus  : — 

Soil,  1  foot ;  Clay,  &c.,  5  to  8  feet.  Ore,  from  10  to  18  inches.  Lirnestone,  with  Buhrstone,  8  feet.  Shale,  brown, 
friable,  10  feet.    Clarion  Coal,  '2\  feet  (see  Fig.  411.)   The  buhrstone  is  about  9  inches  in  thickness. 

The  Kittanning  Coal-bed,  18  inches  thick,  is  seen  some  distance  above  the  limestone,  near  Foxburg,  in  the 
S.  part  of  Richland  Township,  and  on  the  high-land  to  the  E.  of  Turkey  Run,  in  Beaver  Creek  Township, 
and  occasionally  in  the  high  land  S.  of  the  Clarion,  and  between  the  Alleghany  River  and  Cherry  Run.    It  is 
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but  a  small  bed,  covered  by  shales,  and  these  by  the  Freeport  Sandstone  (seen  in  the  hills  about  Cherry  Run  and 
Licking  Creek),  and  lies  about  50  feet  above  the  Ferriferous  Limestone.  This  latter,  hairing  sunk  down  to  near 
the  base  of  the  hills,  is  found  abundantly  in  the  ravines. 

Both  on  the  Alleghany  and  on  the  Clarion  River  in  the  neighbourhood  of  Callensburg,  it  is  abundant,  and 
only  in  the  axis  of  the  synclinal  trough,  about  the  head  of  Cherry  Run,  does  it  sink  entirely  below  the  level  of 
the  country.  But  at  Curlsville,  in  the  valley  of  Licking  Creek,  half-way  between  the  Clarion  and  the  mouth  of 
Red  Bank  Creek,  which  is  also  in  the  middle  portion  of  the  trough,  the  limestone,  with  the  buhrstone  very  finely 
developed,  is  seen  in  the  low  land. 

On  ascending  the  high  hills  three-fourths  of  a  mile  S.W.  of  Curlsville,  on  the  Waterson's  Ferry  Road,  we 
meet  with  the  most  N.E.  localities  of  the  Lower  Freeport  Coal  (which  belongs  to  the  series  next  above),  resting 
upon  the  Freeport  Sandstone,  and  occupying  the  centre  of  the  basin.  It  is  opened  both  on  the  N.  and  S.  sides  of 
the  road,  the  strata  at  the  two  places  having  dips  in  opposite  directions,  both  towards  the  road  which  here  runs 
in  the  middle  line  of  the  basin. 

On  the  hill  N.W.  of  the  town  four  beds  of  coal  have  been  opened  :  first,  high  on  the  hill,  the  Lower  Freeport 
Bed,  approaching  its  final  outcrop  ;  next,  the  Kittanning  Coal,  underlaid  at  some  distance  by  the  Ferriferous  Lime- 
stone, which  forms  a  conspicuous  bench  ;  and  immediately  beneath  this  a  thin  coal-seam,  and  at  the  base  of  the 
liUl  the  Clarion  Coal-bed  well  developed.    These  beds  are  of  workable  dimensions. 

Its  N.  line  of  outcrop  extends  in  a  pretty  regular  line  to  a  point  on  tlie  Alleghany  River,  two  and  a  half 
miles  below  the  mouth  of  Beaver  Creek,  while  its  S.  hue  of  outcrop  passes  about  three-fourths  of  a  mile  S.  of 
Roseburg  towards  the  mouth  of  Red  Bank  Creek.  The  area,  therefore,  occupied  by  this  seam  on  the  E.  side  of 
the  Alleghany  is  not  great,  its  greatest  width  being  little  more  than  six  and  a  half  miles.  The  Lower  Freeport 
Coal-bed  has  been  opened  in  several  places,  and  yields  from  2  to  4  feet  of  tolerably  good  coal. 

The  Upper  Freeport  Goal,  supported  by  the  Freeport  Limestone,  and  at  an  elevation  in  the  series  of  -iO  feet 
above  the  Lower  Freeport  Coal,  is  first  met  with  on  a  high  knob  to  the  N.  of  the  Roseburg  Road,  half  a  mile  from 
Curlsville.  The  limestone,  as  seen  in  fragments,  is  a  light-blue  compact  rock,  weathering  yellow,  because  con- 
taining some  peroxide  of  iron.  The  coal  lies  a  few  feet  above  it.  One  outcrop  runs  in  a  North-bending  curve  to 
the  Alleghany,  two  and  a  half  miles  above  the  mouth  of  Catfish  Creek  ;  the  other  passes  half  a  mile  N.  of  the 
Roseburg  Road  to  the  Waterson's  Ferry  Road,  three  and  a  half  miles  from  the  river,  where  a  high  hUl,  over  which 
the  road  passes,  contains  coal  and  limestone,  and  skirts  the  river  opposite  Dennistoun's  Rim. 

The  Upper  Freeport  Bed  yields  from  3  to  4^  feet  of  good  coal.  The  Ferriferous  Limestone  usually  mea- 
sures 4  feet.  It  yields  a  good  lime,  but  is  little  used.  It  rests  on  1 5  or  20  feet  of  arenaceous  shale,  containing 
near  the  bottom  from  8  to  1 4  inches  of  nodular  ii'on-ore  in  a  single  band,  easy  to  smelt,  and  more  profitable  to 
work  than  many  richer  but  harder  ores.    It  is  opened  on  the  W.  side  of  the  river. 

The  River-hill  Slopes  at  the  centre  of  the  basin  are  from  400  to  500  feet  in  height. 

On  its  S.E.  outcrop,  in  the  Sixth  Basin,  the  Kittanning  Coal-bed  becomes  of  available  thickness  only  on 
approaching  the  Alleghany  River,  in  the  neighbourhood  of  Lawrenceburg  and  Sugar  Creek,  around  Cm-lsville  and 
Roseburg.  In  Madison  Township,  as  opened  by  Messrs  J.  Weaver  and  P.  Kratzer,  it  is  3-i  feet  thick.  Here 
the  Ferriferous  Limestone  and  its  ore  occur,  and  again  at  the  mouth  of  the  Red  Bank,  and  it  is  opened  on  the 
anticlinal  axis.    The  lower  coal-beds  appear  in  the  ravines,  entering  the  Red  Bank  near  its  mouth. 


CHAPTER  XYI. 

SIXTH  BASIN;  SOUTH-EAST -DIPPING  CLAEION  GROUP;  EEGION  WEST  OF  THE 

ALLEGHANY  EIVEE. 

The  country  to  be  described  lies  between  a  line  drawn  from  the  mouth  of  the  Scrubgrass  Creek  on  the 
Alleghany,  through  the  S.W.  corner  of  Sandy  Lake  Township,  fiercer  Coimty,  to  the  forks  of  the  IMahoning 
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River  at  Newcastle,  and  another  line  drawn  from  the  centre  of  Parker  Township,  Butler  County,  to  the  Beaver 
River  above  the  mouth  of  the  Conequenessing  Creek. 

The  Brookville  Coal,  outcropping  along  the  former 
of  these  boimdaries,  is  poorly  represented  on  this  side  of  ,  f, 
the  river,  in  the  neighbourhood  of  Scrubgrass  Creek  (see 
Fig.  419).    It  is  usually  about  18  inches  thick,  and 
separated  from  the  Tionesta  Sandstone  by  from  1  to  10 
feet  of  brown  shales.    Above  it  is  shale,  usually  brown, 
from  30  to  40  feet  thick,  which  is  the  chief  repository  of  fig. 
the  nodular  ii'on-ore  found  in  the  Northern  townships 
of  Butler  County,  and  the  townships  of  Scrubgrass  and  Irvin  in  Venango  County,  if  we  except  that  found  beneath 
the  Tionesta  Sandstone. 

The  Clarion  Coal-hed  rests  upon  this  shale,  and  is  from  10  to  20  feet  below  the  Ferriferous  Limestone. 
These  two  seams  of  coal  and  the  limestone  outcrop  very  closely  to  each  other,  in  a  line  passing  directly  E.  and 
W.  from  the  head  of  the  run  that  empties  into  Scrubgrass  Creek,  one-fourth  of  a  mile  above  its  confluence  with 
the  Alleghany,  to  the  S.W.  corner  of  Sandy  Lake  Township,  and  the  adjoining  corner  of  Springfield  Township, 
about  a  mile  to  the  S.W.  of  the  former.  Thus  far  the  outcrop  of  the  next  underlying  coal  accompanies  that  of 
the  limestone  veiy  closely ;  but  the  Brookville  Bed,  though  it  probably  exists,  was  not  met  with  in  the  neigh- 
bourhood of  the  latter,  unless  perhaps  at  Brackenridge's  and  at  Ossick's  Mill ;  but  these  openings  are  supposed  to 
be  upon  the  Clarion  Bed.  Ossick's  Bank  is  a  few  hundred  feet  to  the  N.  of  the  Franklin  and  Mercer  Road,  and 
is  not  now  open.  The  bed  is  said  to  be  thin.  A  short  distance  farther  down  the  creek,  the  upper  layers  of  the 
Tionesta  Sandstone  are  seen  ;  it  is  quarried      miles  S.  of  the  mill. 

The  whole  of  this  line  of  outcrop  is  marked  by  a  number  of  small  rounded  knolls,  some  of  which  are  capped 
by  the  limestone  bed  in  situ  ;  others  afford  merely  a  few  fragments  under  the  ploughshare  upon  their  summits. 
In  the  neighbourhood  of  Venango  Furnace,  and  in  the  hills  about  Scrubgrass  Creek,  we  find,  in  the  shale  em- 
braced between  the  Tionesta  Sandstone  and  the  Serai  conglomerate,  the  small  Tionesta  Coal,  from  12  to  18  inches 
thick.  In  the  shale  above  the  coal  occm's  a  seam  of  not  very  good  coarse-grained  bluish  iron-ore,  a  very  easy  ore 
to  work,  and  said  to  be  a  profitable  band.  It  lies  in  two  or  three  layers  of  nodules,  varying  from  15  inches  in 
diameter  to  the  size  of  a  hen's  egg.  This  ore  has  been  opened  in  several  localities,  and  was  before  noticed  on 
the  E.  side  of  the  Alleghany  River.  It  is  easily  recognised,  as  no  other  bed  has  been  discovered  between  the 
two  heavy  sandstones  in  the  vicinity  of  the  Alleghany.  At  the  base  of  the  conglomerate,  bog-ore  is  found  in 
several  places  along  Scrubgrass  Creek,  on  the  run  which  empties  into  it,  one-fourth  of  a  mile  above  its  mouth, 
and  at  Cross's  furnaces. 

The  Tionesta  Sandstone,  with  the  upper  part  of  the  conglomerate,  is  seen  in  the  deep  hollow  of  Scrubgrass 
Creek,  on  the  road  from  Franklin  to  Warrensville.  The  strata  resting  upon  the  upper  of  these  two  heavy  beds 
are  well  seen  in  the  adjacent  hills.  The  following  short  section  was  taken  one-third  of  a  mile  S.  of  the  Creek  : — 

Ferriferous  Limestone ;  Shale,  5  feet ;  Bituminous  Shale  and  Coal,  1|  feet ;  Shaly  Sandstone,  5  feet ;  Clarion 
Coal,  3  feet  ;  Bluish  Shale,  35  feet ;  Black  Slate  ;  Brookville  Coal,  18  inches  ;  Shale,  5  feet  ;  Tionesta  Sandstone. 

The  limestone  is  found  in  the  immediate  vicinity,  and  where  the  whole  stratum  exists  is  about  15  feet  thick, 
of  a  blue  colour,  and  unaccompanied  by  the  buhrstone  and  its  ore.  We  here  for  the  first  tune  meet  with  an 
interposed  seam  of  coal  between  the  limestone  and  the  Clarion  Bed.  It  is  never  more  than  20  inches  tliick,  is 
slaty,  and  frequently  immediately  underlies  the  limestone.  It  may  perhaps  be  considered  as  an  upper  member 
of  the  Clarion  Coal,  subtUvided  by  the  intercalation  of  slate. 

The  Brookville  Coal  in  Venango  County  and  Northern  Butler  is  only  on  an  average  18  inches  thick,  and 
is  but  a  few  feet  above  the  Tionesta  Sandstone. 

At  Messrs  Johne's  and  Bradley's,  in  Sandy  Lake  Township,  Mercer  County,  the  limestone  consists  of  two 
distinct  strata,  separated  by  a  band  of  calcareous  clay,  with  a  seam  of  coal.  The  upper  portion  is  a  light-grey 
compact  bed,  about  3  feet  thick.    The  clay  is  bluish,  with  a  seam  of  coal  from  1  to  6  inches  thick,  the  whole 
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being  from  12  to  15  inches  in  tliickncss.  The  lower  portion  of  tlie  limestone  is  blue,  earthy,  less  compact  than 
that  above,  and  only  spaiingly  fossiliferous  :  4  feet  of  it  are  exposed,  but  it  is  said  to  be  6  feet  thick 

Three-quai-ters  of  a  mile  S.W.,  the  Clarion  Coal  is  seen  15  or  20  feet  below  the  limestone  :  it  is  3  feet  thick, 
and  overlaid  by  shale.  The  Scrubgrass  Seam  was  not  detected  here,  and  has  probably  thinned  out.  These  two 
beds  of  coal,  with  the  limestone  which  overlies  them,  occur  in  isolated  patches  over  the  greater  part  of  Scrubgrass 
and  Irvin  townships  in  Venango  County,  and  a  large  part  of  Wolf  Creek  Township  in  fiercer  County.  In  the 
N.  part  of  Butler  this  limestone  is  abundantly  met  with,  but  is  usually  destitute  of  iron  ore  and  chert.  In 
the  N.  townships  of  Butler  County  it  begins  to  occupy  a  lower  position  in  the  hills,  and  the  Kittanning 
Bed  is  found  near  the  summits  of  some  of  the  most  elevated.  It  is  hardly  possible  to  trace  the  irregular  outcrop 
of  this  seam,  but  in  general  it  very  nearly  foUows  a  line  parallel  to  the  county-line  between  Butler  and  Venango, 
but  about  1|  miles  farther  N.  to  the  White  Oak  Spring,  and  thence  to  the  Pittsburg  and  Erie  Turnpike,  at  the 
S.E.  corner  of  Springfield  Township. 

The  Clarion  Coal-bed  is  mined  in  several  places  in  the  N.  part  of  Butler  County,  until  it  assumes  so 
low  a  relation  to  the  water-level  as  to  be  inaccessible.  It  is  mined  at  Mr  Leonard's,  where  it  affords  an  excel- 
lent fuel ;  and  in  the  neighbourhood  of  Lawrenceburg,  in  Mercer  Township,  at  Mr  CrisweU's,  and  2|  miles  to  the 
N.E.,  where  it  is  6  feet  thick.  It  here  lies  near  the  base  of  the  hill,  and  yields  a  very  excellent  solid  coal,  parted 
by  about  3  inches  of  slate.  The  Ferriferous  Limestone  is  very  generally  met  with  through  the  whole  of  this  part 
of  Butler  County,  sometimes  accompanied  with  the  chert,  but  usually  destitute  of  the  iron  ore.  The  latter  is 
observed  as  we  approach  Centreville,  and  4  miles  E.  of  that  village  it  is  from  6  to  20  inches  thick.  Sometimes 
it  is  almost  wholly  replaced  by  the  buhrstone,  which  is  often  a  foot  in  thickness,  and  rests  immediately  upon  the 
limestone.  At  Buchanan's,  2  miles  from  the  village,  the  ore  and  buhrstone  average  together  about  8  inches  in 
thickness,  and  are  often  separated  from  the  limestone  by  as  many  inches  of  clay  :  the  buhrstone  is  not,  however, 
abundant ;  it  is  of  a  greyish  or  cream  colour,  and  has  a  cellular  structure. 

At  a  higher  level  we  observe  the  Kittanning  Coal-bed :  it  has  been  opened  2  miles  S.  of  Harrisvolle ;  is 
rather  shaly,  but  burns  well  ;  is  from  4  to  4i-  feet  thick,  and  usually  covered  by  slate.  The 
Freeport  Sandstone  is  frequently  seen  at  the  tojis  of  the  hills  containing  it. 

It  extends  through  Venango  Township,  and  has  been  opened  near  Lawrenceburg,  but  is 
not  so  profitable  a  bed  as  the  Clarion  Coal  below  the  limestone.  In  the  middle  district  of  the 
township  the  seam  is  sufficiently  thick,  but  the  coal  is  slaty  and  impure. 

The  following  section  was  compiled  in  the  vicinity  of  Lawi-enceburg  —  (See  Fig. 
422)  :— 

Olive  and  Brown  Slate  ;  Ferriferous 
Limestone  (chert),  15  feet;  Shale,  15 
feet ;  Scrubgrass  Coal,  15  inches ; 
Brown  Shale  (ore),  15  feet  ;  Clarion 
Coal,  3i  feet  ;  Fire-clay,  3  feet ;  Sand- 
stone, more  or  less  slaty,  40  feet  ; 
Broohville  Coal,  Ij  (4?)  feet ;  Tionesta 
Sandstone,  50  feet ;  Black  Slate,  2-feet 
coal  (Tionesta  Bed),  4  inches;  Fire- 
clay, Si-feet  shale,  with  one  band  of 
iron  ore,  12  feet ;  Sandstone,  30  feet ; 
Bitia7iinous  Shale,  2i  feet;  Slaty  Sand- 
stone, 15  feet ;  Fire-clay,  with  vegetable  remains,  15  inches ;  Sandstone,  sometimes  massive,  60  feet. 

The  Kittanning  Coal- vein  is  found  on  the  hills  farther  back  from  the  river.  The  fire-clay  underneath  the 
Clarion  Coal  is  good,  and  has  been  taken  to  Pittsburg.  The  thickness  of  the  Brookville  Bed  is  not  known  with 
precision :  in  one  place  it  was  ascertained  to  be  but  15  inches  ;  but  a  4-fect  seam  S.  of  La^Tenceburg  is  supposed 
to  be  the  same,  although  it  may  possibly  be  the  Clarion  Bed. 

One  mile  above  Lawrenceburg,  opposite  the  mouth  of  the  Qarion  Eiver,  the  Ferriferous  Limestone  occupies 
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the  higliest  hills  in  massive  ledges  upon  Mr  Robeson's  land.  It  is  underlaid  by  slate  or  shale,  1 5  feet  thick,  descend- 
hw  to  a  small  seam  of  coal  not  exceedino-  IS  inches  in  thickness.  About  15  feet  beneath  the  latter  the  main  bed 
of  the  district  (Clarion  Coal)  is  opened.  Its  thickness  varies  from  3  feet  6  inches  to  5  feet,  averaging  3  or  4  feet 
of  good  coal.  Several  thin  bands  of  slate  containing  pyrites  are  interstratified  with  the  coal.  Some  distance 
below  this  bed  a  small  seam,  perhaps  6  or  12  inches  in  thickness,  appears  to  represent  the  Brookville  Coal.  The 
bed  is  slaty  and  valueless.  In  the  shales  associated  with  this  seam,  ii'on  ore  has  been  found  ;  several  hundred 
tons  have  been  carried  to  Kensington  Turnace,  opposite  Emlenton.  The  ore  has  not  proved  abundant,  and  is 
diflBcult  to  smelt. 

Tracing  the  several  beds  W.,  we  can  perceive  them  subject  to  very  little  variation,  unless  it  be  in  the  thickness 
of  the  strata  between  the  coals.  A  depression  in  the  general  surface  of  the  country  in  Wolf  Creek  Township 
prevents  the  limestone  from  outcropping  in  as  regular  a  line  as  it  does  in  Venango  County.  It  is  seen  near 
the  base  of  a  high  knob  on  the  Old  Pittsburg  Road,  7  or  8  miles  S.  of  Mercertown,  as  a  light-blue  limestone, 
15  feet  thick.  A  .short  distance  below  it  is  the  Clarion  Coal,  which  is  not  opened  in  this  immediate  vicinity, 
but  its  position  is  well  marked.  The  Brookville  Coal-bed  is  seen  near  the  top  of  a  hill  2  miles  fartlier  N.  at 
Springfield  Furnace,  being  separated  by  only  a  few  feet  from  the  top  of  the  Tionesta  stratum,  60  feet  thick,  and 
well  exposed  within  a  few  rods  of  the  Falls.  From  this  place  we  follow  the  outcrop  of  the  limestone  in  a  direct 
line  to  the  mouth  of  the  Little  Neshannoek,  and  thence  to  Newcastle,  on  the  W.  side  of  the  Great  Neshannock 
Creek,  where  but  a  few  points  of  land  are  sufficiently  liigh  to  take  it  in  their  summits.  In  the  vicinity  of  the 
Shenango,  and  in  all  the  E.  half  of  Mahoning  Township,  the  general  level  of  the  country  falls  off"  a  little,  and 
does  not  reach  the  limestone  stratum  even  at  its  highest  points,  with  the  exception  of  the  high  ridge  which  runs 
down  from  the  N.W.  to  the  Mahouino;,  between  Youno-stown  and  New  Bedford.  At  the  lower  end  of  this 
ridge,  where  the  Newcastle  and  Poland  Road  crosses  it,  the  Ferriferous  Limestone  is  again  seen.  This,  with  the 
exception  of  a  small  outlying  patch  S.E.  of  New  Bedford,  is  tke  last  knob  capped  by  the  Ferriferous  Limestone 
towards  the  N.W.    The  surface  of  the      „^  y  w. 

country  decHnes  to  a  lower  level  N.  along 
the  line  of  this  outcrop  of  Ferriferous  Ts?fe=S= 

T.        ,  !•  1  1  ,.1  Fig.  426. — Lower  Coal-measures,  N.  VV.  Corner  of  Lawrence  County. 

Limestone,  which  served  as  a  partial 

protection  to  the  underlying  coals  and  their  including  shales  against  the  general  denudation.  Their  outcrops, 
therefore,  correspond  geographically  with  its  own.  The  lower  lever  is  that  of  the  Tionesta  Sandstone,  which 
overspreads  the  greater  part  of  Lackawanna  Township. — (See  Fig.  426.) 

The  country  for  some  miles  S.  of  this  line  is  well  supplied  both  with  coal  and  limestone.  The  smallness 
of  the  angle  at  which  the  beds  dip  towards  the  centre  of  the  basin  makes  them  accessible  over  a  wide  area. 
This  condition  of  things  gives  great  advantages  to  the  farming  region  of  this  basin  over  the  country  traversed 
by  the  several  axes  farther  to  the  E.  It  will  be  needless  to  specify  the  very  numerous  localities  at  which  the 
limestone  and  the  two  underljang  coal-beds  occur  in  their  broad  range  through  the  townships  of  Wolf  Creek, 
Slippery  Rock,  and  the  S.E.  part  of  Neshannock  in  Mercer  County,  Slippery  Rock  and  Muddy  Creek  townships 
in  Butler  County,  and  Shenango,  North  Sewickly,  North  Beaver,  Little  and  Big  Beaver  townships  in  Beaver 
Comity  ;  but  in  connection  with  the  overlying  strata  we  sliall  have  frequent  occasion  to  refer  to  these.  Over 
this  area,  with  the  exception  of  Wolf  Creek  Township  and  the  neighbourhood  of  CentreviUe,  neither  the  chert  nor 
the  iron  ore  is  seen  in  connection  with  the  Ferriferous  Limestone.  At  the  bridge  over  Slippery  Rock  Creek,  on 
the  Butler  and  Mercer  Tm-npike  (see  Fig.  423),  we  have  at  the  water-level  the  Tionesta  Sandstone  ;  a  few  feet  of 
brown  shale  separate  it  from  the  Brookville  Coal-bed,  here  a  mixture  of  bituminous  shale  and  coal  1 2  inches 
tliick.  Above  this  rests  the  great  repository  of  the  oolitic  iron-ore,  usually  a  brown  or  yellowish  shale,  some- 
times an  argillaceous  sandstone,  in  which  case  the  ii'on  ore  is  in  less  abundance.  The  whole  stratum  is  here 
about  40  feet  thick.  Upon  this  rests  the  Clarion  Coal,  3  feet  thick  ;  25  feet  of  shale  and  slaty  sandstone  separate 
this  from  the  Femferous  Limestone,  which  is  from  12  to  14  feet  in  thickness,  of  a  bluish  colour,  and  toler- 
ably compact.  In  the  neighbourhood  of  this  locality,  the  Eittanning  Coal  is  repeatedly  seen  from  3  to  4  feet 
thick,  and  covered  by  a  heavy  bed  of  brown  shale,  containing  some  argillaceous  shaly  sandstone,  and  occasionally 
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a  considerable  quantity  of  nodular  iron-ore.  This  ore  was  formerly  mined  for  an  old  furnace  on  Slippery  Rock 
Creek.  Approaching  Newcastle,  the  limestone  is  abundantly  found,  as  was  before  stated,  being  there  nearly  at 
its  outcrop.  The  Kittanning  Coal  is  likewise  found  E.  of  the  town,  and  S.  of  the  Neshannock,  and  is  from  19 
to  32  feet  above  the  limestone.  At  Ray's,  a  small  bed  of  coal  (Scrubgrass  Coal)  is  found  immediately 
below  the  limestone  ;  and  22  feet  above  it  is  the  Kittanning  Bed,  feet  thick,  capping  the  very  highest 
points  of  land.  The  right-hand  portion  of  the  column  represents  the  following  Section  made  at  Newcastle  (for 
its  continuation  to  water-level,  see  Fig.  424)  : — 

Flaggy  Sandstone.  Kittanning  Coal,  3J  feet ;  Fire-clay,  2  feet  ;  Shale  and  Sandstone,  30  feet ;  Ferriferous 
Limestone,  11  feet  ;  Scrubgrass  Coal,  8  inches;  Fire-clay  ;  Shaly  micaceous  Sandstone  and  brown  shale,  30  feet ;  Clarion 
Coal,  2\  feet;  Fire-clay;  Argillaceous  sandstone,  45  feet,  or  more;  Brookisille  Coal;  Brown  Shale;  Tionesta 
Sandstone. 

The  Clarion  Goal  Vein  is  worked  at  Henkson's  and  Ray's,  and  elsewhere :  it  is  usually  overlaid  by  shale 
holding  a  few  scattered  nodules  of  argillaceous  iron-ore,  and  underlaid  by  brown  shale  and  argillaceous  sand- 
stone. On  a  small  stream,  which  empties  into  the  Neshannock  on  the  S.  side,  the  following  section  (see 
Fig.  425)  was  obtained  : — 

Limestone  ;  Shale,  a  few  feet ;  Scrubgrass  Coal,  14  inches;  Shale  with  ore,  18  to  20  feet ;  Clarion  Coal,  2  feet ; 
Shale  with  ore,  11  feet ;  Broohville  Coal,  4  feet ;  Brown  Shale,  9  feet ;  Tionesta  Sandstone. 

The  farm  of  Dr  Whippo  is  the  nearest  locality  to  Newcastle,  where  the  limestone  is  foimd ;  it  is  there  well 
exposed  :  also  on  the  road  to  Butler,  about  1 J  miles  from  town,  its  fragments  are  strewed  over  the  high  ground 
over  which  the  Newcastle  and  Conequenessing  Road  passes,  1  i-  or  2  miles  from  town. 

The  Brookville  Coal-bed  is  opened  on  Dr  Whippo's  farm,  and  is  61  feet  below  the  base  of  the  limestone, 
and      thick,  yielding  a  sort  of  cannel  coal,  and  mining  with  a  cubic  fracture. 

The  distance  of  the  Kittanning  Coal  above  the  Ferriferous  Limestone  increases  Southward  toward  the 
mouth  of  the  Beaver  River,  while  the  two  lower  coals  dimmish  in  size  in  the  same  direction.  The  strata  dip 
gently  S.,  bringing  the  limestone,  which  at  Dr  Whippo's,  near  Newcastle,  stands  300  feet  above  the  Neshamiock 
water-level,  down  to  42  feet  above  the  Beaver  River  water-level  at  Whampoa  Hill,  3  miles  above  the  mouth  of 
the  Conequenessing.    Allowing  for  the  fall  of  water,  235  feet  is  left  for  the  amount  of  dip  in  that  distance. 

At  Whampoa  Hill  the  Kittanning  Coal-bed  is  separated  from  the  limestone  by  67  feet  of  strata,  this 
increase  in  the  distance  being  occasioned  by  the  great  augmentation  of  silicious  layers  which  occupy  the 
intervening  space.  Above  it  rest  many  feet  of  flaggy  sandstone  and  shales,  which  are  here  the  representa- 
tives of  the  Freeport  Sandstone,  and  the  shale  and  slate  which  underlie  it.  The  Kittanning  Coal-bed  on  the 
W.  side  of  the  Beaver  River  outcrops  on  the  high  land  S.  of  Hickory  Creek. 


CHAPTER  XVII. 

SIXTH  BASIN  WEST  OF  THE  ALLEGHANY  RIVER-FREEPORT  GROUP. 

The  N.W.  outcrop  of  the  Loiver  Freeport  Coal-bed  crosses  the  Alleghany  River  in  the  hiL-tops,  a 
mile  above  Miller's  Eddy,  and  the  Butler  and  Little  Scrubgrass  Creek  Road,  and  about  2J  miles  S.  of  the 
N.  line  of  Parker  Township,  or  6  miles  S.W.  of  LawTcnceburg.  Here  it  bends,  and  runs  in  a  straight  line 
to  the  Mercer  Turnpike,  12  miles  from  Butler,  and  \l  S.  of  the  Stone  Tavern,  and  onwards  to  SUppery  Rock 
Creek,  3  or  4  miles  above  its  confluence  with  the  Conequenessing,  crossing  Beaver  River,  3  miles  above  the 
mouth  of  the  Conequenessing,  where  it  is  a  fine  bed,  6  feet  thick. 

Its  line  of  outcrop  then  passes  S.  of  Whampoa  Hill  in  an  midulating  course,  through  Big  and  Little 
Beaver  townships,  and  3  miles  to  the  N.  of  Greensburg  to  Fairfield  in  Oliio. 

The  S.  line  of  outcrop  of  this  bed,  rumiing  S.  of  CurlsviUe,  past  Rosebm-g,  to  the  Alleghany  River,  at  the 
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mouth  of  Red  Bank  Creek,  after  crossing  the  river  follows,  a  S.W.  course,  but  gradually  approaches  the  line  of 
the  fifth  anticlinal  axis,  and  at_length  arches  over  it  at  the  forks  of  Buffalo  Creek,  2  miles  above  the  Butler  and 
Kittanning  Turnpike,  on  the  W.  side  of  the  Creek. 

Outside  of  the  limits  of  the  area  included  between  these  lines,  the  Freeport  Coals  are  nowhere  seen.  Along 
its  limits  runs  the  Freeport  Sandstone,  which  supports  the  series  towards  the  E.  It  is  a  well-characterised,  soft, 
yellowish,  clear-grained  sandstone,  disposed  to  massiveness,  but  sometimes  slaty ;  towards  the  W.  running  into 
silicious  slates  and  thinly-bedded  sandstones.  It  is  usually  about  50  feet  thick,  and  overlies  a  very  irregular 
group  of  soft  argillaceous  shales,  which  furnish  the  variable  element  in  the  unequal  interval  between  the 
Ettanning  and  Lower  Freeport  Coal-beds.  A  great  variation  of  interval  is  produced  also  by  unequal  denuda- 
tion acting  upon  these  same  lower  and  softer  rocks. 

The  Upper  Freeport  Coal,  it  was  before  stated,  is  separated  from  the  lower  bed  by  slate  and  slaty  sandstones 
usually  about  40  feet  in  thickness,  and  of  coiu-se  occupies  a  similar  but  smaller  geographical  area  ;  its  regular 
line  of  outcrop  is  usually  from  2  to  3  miles  distant  from  the  former.  From  the  Alleghany  River  Hills,  about 
2  miles  above  the  mouth  of  Catfish  Creek,  it  ranges  W.  in  an  undulating  line  across  the  road  from  Bear  Creek 
Furnace  to  Fairview,  within  a  mile  of  the  latter  place  ;  thence  N.W.  to  a  knob  high  on  the  Butler  and  Little 
Scrubgrass  Road,  S.  of  the  Six  Cross  Roads  in  Parker  Township.  Bending  again  like  the  outcrop  of  the  Lower 
Freeport  Bed,  it  proceeds  directly  to  the  Mercer  Turnpike,  2  miles  N.  of  Unionville.  In  this  neighbourhood, 
however,  it  is  not  very  easily  traced,  but  traversing  the  high  and  little-broken  country  to  the  W.,  it  strikes  the 
Conequenessing  4  or  5  miles  below  the  mouth  of  Slippery  Rock  Creek  and  the  Beaver 
River,  about  3  miles  above  Old  Brighton  Bridge.  From  the  Beaver  River  it  pursues  a 
N.W.  course  to  the  Chm'ch,  one  third  of  a  mile  N.  of  Greensburg,  and  thence  runs  W. 
into  the  State  of  Ohio  towards  New  Lisbon. 

This  line  marks  the  N.  outcrop  of  the  Upper  Freeport  Bed,  while  the  Freeport 
Limestone  which  miderlies  it  extends  its  own  outcrop  only  in  a  few  instances  beyond 
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that  of  the  coal. 

The  S.E.  outcrop  in  this  basin  may  be  described  by  a  tolerably  straight  line  drawn 
from  the  hill  N.  of  the  mouth  of  Red  Bank  Creek  to  the  Butler  County  line,  where  it  is 
crossed  by  the  Buffalo  Creek  N.  of  the  Kittanning  Turnpike ;  and  thence  to  the  back 
of  the  axis,  2  miles  N.E.  of  Hannastown. 

As  the  medial  line  of  the  Sixth  Basin  crosses  the  Alleghany  River  below  the  mouth 
of  Sugar  Creek,  the  hill-slopes,  upon  which  the  harder  rocks  stand  out  in  picturesqi^ 
cliffs,  afford  admirable  exhibitions  of  the  rocks  from  as  low  down  as  the  upper  layers  of 
the  Serai  conglomerate  in  the  bed  of  the  river,  to  almost  the  uppermost  strata  of  the  Free- 
port  series.    This  the  following  section  (Fig.  427)  will  show  : — 

Sugar  Creek  Section^  Great  Western  Furnace. — Shale  and  Slate,  60 -i- feet.     Upper  Freeport  ^  .^ 

Coal,  4  feet  6  inches  (at  the  Summit  Coke-yard  the  bed  is  6  feet  thick)  ;  Fire-clay  and  Shale, 

■with  beds  of  nodular  iron-ore  2  inches  thick,  7  feet  6  inches.    Freeport  Limestone,  5  feet ; 

Fire-clay,  18  feet.    Calcareous  Ore,  "  Summit  Bed,"  2  to  2  feet  6  inches  ;  Fire-clay,  20  inches  ; 

Sandstone,  30  feet.    Lower  Freeport  Coal,  15  inches  (in  Phillips'  Hill,  4  feet) ;  Shale,  passing 

downwards  into  slaty  thin  flaggy  sandstone  (Freeport  S.),  65  feet.  Coal,  10  inches  ;  Fire-clay, 

2  feet ;  Sandstone  more  or  less  massive,  including  a  thin  band  of  worthless  silicious  ore,  62 

feet.    Kittanning  Coal,  3  to  4  feet;  Fire-clay,  4  feet ;  Shales,  olive  and  blue,  including  a 

stratum  of  bituminous  shale,  which  locally  becomes  cannel  coal,  5  feet  thick  ;  Argillaceous 

Sandstone  and  concretionary  iron-ore,  40  feet.    Silicious  Iron-Ore,  "Slab  Vein,"  20  inches; 

Sandy  Shale,  12  feet.    Ferriferous  Limestone,  15  feet.    Ore,  4  to  10  inches.    Shale,  blue  and 

slaty  sandstone,  40  feet.    Clarion  Coal,  2  feet;  Fire-clay,  2  feet;  Shale  and  Sandstone,  30  g  '  o 

feet.    Bituminous  Shale,  0  ;  Shale,  25  feet.    Bituminous  Shale  and  Coal,  12  to  18  inches.  _\H 

"White  Sandstone  (Tionesta),  60  feet ;  Bituminous  Shale  interlaid  with  sandstone,  20  feet.  — ' 

c„^„i  „  1  ,  Fig.  427.— Great  Western 

Serai  conglomerate.  Furnace,  Sugar  Creek. 
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SIXTH  BASIN,  WEST  OF  THE  ALLEGHANY. 


The  bed  of  coal  wrought  for  coking  at  the  Great  Western  Furnace  is  the  Upper  Freeport  Coal,  which 
is  found  the  best.  The  Kittanning  Coal-seam  supplies  the  roUing-mills  with  fuel,  and  is  wrought  to  a  limited 
extent  for  furnace  use. 

The  iron  ore  constituting  the  main  dependence  of  the  furnaces  is  the  calcareous  ore  underlying  the  Free- 
port  Limestone  known  as  the  "  Summit  Vein."  Though  it  averages  not  more  than  2  feet  or  2  feet  6  inches  in 
thickness,  it  has  been  found,  in  the  Phillips'  HUl,  4  feet  thick.  The  ore  yields  30  per  cent  metal  in  the  furnace. 
The  stratum  of  fire-clay  over  the  ore  is  used  for  making  fire-brick,  for  which  it  is  admirably  adapted.  Before  its 
discovery,  that  beneath  the  Kittanning  Coal  was  used.  The  "  Slab  Vein"  of  ore  fluctuates  both  in  character  and 
distance  from  the  limestone  beneath.  When  separated  from  the  limestone  by  sandy  shale,  it  is  a  silicious  buhr- 
stone  ore,  but,  approaching  the  limestone,  it  becomes  more  calcareous  and  scaly.  In  some  places  it  is  highly 
impregnated  with  bituminous  matter  and  sulphur.  Its  dimensions  are  quite  uniform.  The  average  yield  of  the 
ore  in  metal  is  from  35  to  87  per  cent. 

The  Elk  Lick  Coal-bed  here  makes  its  appearance  on  the  highest  ground  back  from  the  river  as  the  largest 
bed  in  the  section  :  it  is  50  feet  above  the  Upper  Freeport  Coal,  and  is  fully  5  feet  thick.  We  shall  hereafter 
notice  it  again  at  Alleghany  Furnace. 

The  small  interfwlated  bed  beneath  the  Freeport  Sandstone  is  said  to  be  found  farther  W.  on  the  lands  of 
the  Brady's  Bend  Coal  and  Oil  Company,  much  increased  in  thickness,  and  in  the  form  of  cannel  coal.  The 
bed  is  reported  by  Professor  Owen  to  be  from  2  feet  6  inches  to  3  feet  10  inches  in  thickness.  The  specimens 
from  the  seam  indicate  a  light  compact  cannel-coal,  having  a  conchoidal  fracture.  It  is  proposed  to  extract  lubri- 
cating and  ilhxminating  oils  from  it. 

Some  beds  of  the  thick  sandstone  stratum  near  the  base  of  our  Sugar  Creek  section  are  formed  of  pure  white 
sandstone,  suitable  for  glass-making.  Large  quantities  of  the  rock  have  been  shipped  to  Pittsburg  for  that  purpose. 
The  Great  Western  Iron  Furnaces  are  situated  on  Sugar  Creek,  2  miles  above  its  mouth.  There  are  four 
stacks  for  the  smelting  of  iron,  of  which  two  are  50  feet  high,  14  feet  across  the  boshes, 
and  7  feet  diameter  at  the  trundle-head ;  and  two  45  feet  high,  11  feet  bosh,  and  6  feet 
at  the  trundle-head.  They  all  employ  hot-blast.  Connected  with  these,  an  extensive 
rolling-mill  at  the  mouth  of  the  creek  moulds  the  iron  into  the  form  required. 

Fig.  428  represents  a  section  made  upon  the  Alleghany  Eiver  at  iliUer's  Eddy,  7 
miles  above  the  mouth  of  Sugar  Creek  ;  it  reads  as  follows  : — 

Upper  Freeport  Coal,  roof,  shale  ;  floor,  fire-clay,  3  feet  thick.    Freeport  Limestone,  0  ; 

tale  and  shaly  Sandstone,  40  feet.    Lowf  r  Freeport  Coal,  small,  interval  135  feet,  in  which 


■Ferrifer 
ons  Lime- 
atone 


Sand- 


occurs  the  contorted  Freeport  Sandstone.  Kitfanning  Coal ;  Shale,  35  feet.  Fei-riferous 
Limestone,  12  feet ;  Shale,  with  nodules  of  argillaceous  ore,  30  feet.  Coal,  and  interval,  50 
feet.  Tionesta  Sandstone.  Coal,  2  inches  ;  Shale,  2  feet ;  Coal,  2  inches  ;  Argillaceous  Sand- 
stone, IS  inches  ;  Shahj  Coal,  5  inches  ;  Argillaceous  Sandstone,  4i  feet ;  Coal,  6  inches  ;  Serai 
conglomerate. 

This  section  is  not  more  than  4  miles  distant  in  a  straight  line  from  the  last. 
The  Upper  Freeport  Coal  and  the  underlying  limestone  here  make  their  final  N. 
outcrop. 

Leaving  the  river  and  going  W.  we  find  the  two  Freeport  Coal-beds  frequently 
opened  within  their  respective  areas,  but  more  frequently  the  upper  one,  which  is  usually 
the  thickest,  and  afibrds  the  purest  coal.  In  the  neighbourhood  of  Faii-view  it  is  exten- 
sively mined. 

The  Elk  Lick  Coal  occasionally  appears,  but  nowhere  as  a  workable  bed,  along  the 
central  line  of  the  basin. 

At  Butler  the  Freeport  Sandstone  is  seen  along  the  valley-sides  of  the  Coneque- 
The  Cathohc  Church  is  built  upon  it,  and  partly  of  stone  quai-ried  from 
it.  The  stone  is  considered  to  be,  for  building  purposes,  the  best  in  the  neighbourhood.  The  whole  stratum 
is  here  about  50  feet  thick. 
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FlO.  428.— Alleghany  River, 
7  miles  above  Sugar  Creek.  nCSSUlS  Creek 
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The  Lower  Freeport  Coal  may  be  found  at  or  near  the  water-level  of  the  Conequenessing.  It  has  been 
dug  into  at  various  points,  but  has  never  been  faii-ly  proved.  On  the  land  of  Mr  Boyd,  a  short  distance  E.  of 
the  town,  a  coal-bed  near  the  creek-level  was  opened  :  it  is  said  to  be  2  feet  thick,  and  of  the  cannel  variety. 
This  is  a  condition  in  which  this  seam  is  frequently  found. 

The  Upper  Freeport  Coal  passes  through  the  town  at  about  the  level  of  the  pavement  of  Zimmerman's 
(formerly  Hamilton's)  Brick  Tavern,  and  was  cut  in  digging  for  the  foundations  of  the  New  Court-house.  It 
has  been  extensively  wrought  by  Messrs  Neighley,  M'Laughlin,  Bradin,  Shaffner,  and  others.  At  Shaffner's 
(formerly  Bradin's)  Bank,  1  mile  S.  of  the  town,  the  bed  is  4  feet  tliick,  the  upper  12  or  18  inches  of  it  being 
sometimes  cannel  coaL 

Upon  the  Old  Pittsbui-g  Turnpike  several  drifts  have  been  opened  upon  the  bed,  and  it  yields  in  all  of  them 
its  usual  thickness  of  4i  feet  of  good  coal.  Small  faults  or  dislocations  have  been  developed  in  this  vicinity  ; 
and  fissures  occur  in  the  bed  from  a  few  inches  to  3  or  4  feet  in  width  :  these  are  usually  filled  up  with  clay  ; 
the- faults  are  sometimes,  but  not  always,  downthrows.  Where  a  gangway  is  driven  past  a  fault,  the  drainage 
of  the  land  above  will  cause  its  abandonment.  If  the  dislocation  be  so  great  as  to  make  it  troublesome  to  find 
the  bed  upon  the  farther  side  of  the  fault,  it  is  considered  more  profitable  to  abandon  the  drift,  and  begin  another 
from  the  outcrop. 

The  Elk  Lick  Coal  may  be  seen  high  on  the  Plank  Road  Hill,  S.,  and  on  the  turnpike  N.  of  the  town,  near 
the  Cemetery.    Its  thickness  varies  from  9  to  15  inches. 

The  Freeport  Limestone  occurs  in  the  form  of  nodules,  imbedded  in  a  white  or  grey  calcareous  clay,  con- 
taining minute  fossUs  exceedingly  difficult  to  collect  uninjured.  It  appears  at  several  drifts  on  the  Old 
Pittsburg  Turnpike,  and  within  a  mile  or  two  E.  of  the  town  ;  also  in  the  street  descending  W.  from  the  Court- 
house. 

Above  the  thin  Elk  Lick  Coal-bed,  in  this  neighboui-hood,  is  a  stratum  exactly  resembling  the  variegated 
shale  seen  at  the  turnpike-gate  near  Kittanning,  on  the  Indiana  Road.  In  it  are  frequently  found  small 
calcareous  ferruginous  nodiiles,  while  the  shale  itself,  especially  the  blue  variety,  contains  a  slight  intermixture 
of  calcareous  matter.  Its  thickness  is  unknown,  but  it  must  be  considerable.  It  is  probably  that  member  of  the 
Barren  Measures  which  is  seen  at  the  mouth  of  Sawmill  Run,  and  at  other  points  along  the  base  of  the  hills  at 
Rttsburg.  The  upper  half  of  many  of  the  hills  for  3  miles  N.,  and  4  miles  E.  of  Butler,  consists  of  these  varie- 
gated shales  ;  but  as  we  approach  the  fifth  anticlinal  axis  4  miles  E.  of  Woodville,  the  sandstone  and  slate 
which  overlie  the  upper  Freeport  Coal-bed  shut  them  out  from  the  tops  of  the  hills.  This  axis,  after  passing 
Hannastown,  is  little  more  than  a  broad  gentle  imdulation  in  the  strata,  rapidly  dying  out  S.W.  The  varie- 
gated shales  appear  beyond  it  to  the  S.E.,  in  the  neighbourhood  of  Pughstown,  near  the  county-line,  and  7  miles 
from  Freeport.  A  thin  sandy  ferruginous  blue  or  bro^vn  limestone,  abounding  in 
fossils,  overlies  the  last-mentioned  shale  stratum.  This  limestone  has  a  wide  range, 
being  found  on  the  Little  Mahoning,  on  the  highest  hills  near  Kittanning  and  S.  of  the 
Kiskiminetas.  Beneath  it,  and  separating  it  from  the  shale,  is  a  seam  of  hard  brilliant 
coal,  varying  in  thickness  from  a  few  inches  to  1^  feet,  but  by  no  means  constant, 
having  been  noticed  in  the  present  district  in  only  a  few  instances  :  it  is  wanting  at 
Kittanning  and  at  Little  Mahoning.  It  is  usually  from  6  to  8  inches  in  thickness. 
The  limestone  is  found  in  most  of  the  hills  immediately  around  Woodville,  and  may  be 
seen  in  the  bank  of  the  Butler  Turnpike,  about  half  a  mile  from  the  bridge,  and  pro- 
bably 40  or  50  feet  from  the  top  of  the  hUl.  As  the  basin  deepens  towards  the  S.,  it 
occupies  a  wider  area,  and  is  found  lower  in  the  hills.  It  is  from  1  to  2  feet  in  thick- 
ness, covered  by  olive  or  blue  slate  (see  Fig.  429).  Four  and  a  half  miles  from  Wood- 
vUle,  the  upper  Freeport  Coal-bed  is  seen  a  few  feet  above  the  water  of  Glade  River. 
It  is  here,  as  at  Butler,  overlaid  by  brown  shale  ;  sandstone  occupies  the  upper  part  of 
the  lull.  The  seam  is  here  about  2  feet  thick,  and  yields  a  good  coal.  The  Freeport 
Limestone  is  seen  in  the  bed  of  the  creek. 

The  description  given  of  the  strata  around  the  town  of  Butler  applies  to  the  surroimding  comitry. 
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Fig.  429.— Zelienople  and 
Harmony. 
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Between  Butler  and  Harmony  few  exposures  are  seen ;  the  banks  of  the  Conequenessing  slope  gently, 
and  are  covered  with  detritus  concealing  the  strata.  At  Harmony  and  at  Zelienople  the  lower  Free- 
port  Coal  has  been  opened  in  several  places.  It  rests  here  on  blue  shale,  and  is  about  5  or  6  feet  above 
the  creek  at  the  mill,  half  a  mile  W.  of  Harmony.  It  is  from  2^  to  3|  feet  thick,  and  frequently  contains 
sulphiu-et  of  iron.  Tlie  shale  beneath  it,  which  is  blue  or  brown,  and  here  represents  the  upper  part  of  the  con- 
torted sandstone,  contains  a  few  scattered  nodules  of  argillaceous  iron-ore.  Above  the  coal  is  shale  and  argilla- 
ceous sandstone,  some  portion  of  the  former  being  slightly  bituminous,  and  containing  a  few  marine  organic 
remains.  The  upper  Freeport  Coal-bed  is  poorly  developed,  but  is  found,  together  with  its  limestone,  in  the  hUl 
opposite  Zelienople. — (See  Fig.  429). 

Five  or  six  miles  S.  of  Harmony,  the  variegated  calcareous  shales  of  the  Barren  Measures  again  appear,  as 
described  in  the  neighbourhood  of  Woodville  or  the  Glade  Mills.  The  shale  here  outcrops  in  the  tops  of 
the  hiUs  as  through  the  middle  and  northern  portions  of  Economy  Township,  and  northern  portions  of  Hopewell 
Township,  on  the  opposite  side  of  the  Ohio  River.  The  black  fossiliferous  limestone  is  found  occupying  its 
usual  portion  a  little  farther  S.,  and  is  occasionally  accompanied  by  the  thin  underlying  coal-vein. 

At  Burns's  Tavern,  near  the  county-line,  upwards  of  10  miles  S.  of  Harmony,  a  greenish  non-fossiliferous 
limestone,  rather  impure,  and  breaking  into  rhombic  or  cubic  pieces,  is  seen  in  connection  with  much  red  soil. 
Its  thickness  is  about  3  feet,  but  it  is  too  impure  to  be  employed  at  the  kilns.  This  is  the  second  bed  of  lime- 
stone above  the  waters  of  the  Ohio  at  Pittsburg,  and  will  be  more  particularly  described  along  the  Kiskiminetas. 

All  the  hills  between  Conequenessing  Creek  and  the  Beaver  River,  from  a  mile  or  two  below  the  mouth 
of  Brush  Creek  to  the  Harmony  and  Beaver  Road,  are  occupied  by  the  Barren  Measures.  In  the  hollows,  how- 
ever, especially  towards  the  mouth  of  Brush  Creek,  the  Upper  and  Lower  Freeport  coals  crop  out,  both  of  them 
being  exceedingly  irregular  in  thickness.  Not  unfrequently  the  upper  seam  is  reduced  to  only  a  few  inches,  or 
wholly  absent ;  and  then  again,  within  a  fourth  of  a  nule,  it  may  be  a  workable  bed.  These  sudden  changes  in 
thickness  are  characteristic  of  this  coal,  as  we  shall  see  in  tracing  it  through  Westmoreland  County.  The  brown 
shale  which,  at  Sugar  Creek  and  Butler,  was  seen  resting  upon  the  coal,  is  here  frequently  replaced  by  flaggy 
sandstone,  forming  the  roof  of  the  bed,  which  is  generally  thin.  The  limestone  below  it  is  remarkably  constant 
in  its  attendance  upon  the  coal. 


CHAPTEE  XVIII. 

FREEPOET  GEOUP,  SIXTH  BASIN,  AND  COUNTEY  WEST  OF  THE  BEAVEE  EIVEE. 

In  the  hiUs  of  the  Beaver  River  there  are  fine  exposm-es  of  aU  the  rocks,  from  the  middle  of  the  Barren  Mea- 
sures down  to  the  Tionesta  Sandstone.  Sections  of  the  lower  rT)cks  at  Newcastle,  &c.  have  already  been  given  ;  but 
as  we  descend  the  stream,  these  sink  one  by  one  beloAV  its  bed,  until  the  massive  stratum  of  the  Ferriferous  Lime- 
stone is  seen  half  out  of  water  in  the  Ohio  River  banks,  at  the  mouth  of  Ten-mile  Run  (see  Fig.  433).  The 
massive  sandstones  of  the  country  to  the  N.E.  and  E.  are  here  represented  by  far  softer  rocks,  slates,  and  shales  ; 
and  the  relative  distances  of  the  beds  from  one  another  are  also  different.  The  approximation  of  the  Kittanning 
and  Lower  Freeport  coals,  for  instance,  is  very  striking.  The  Ferriferous  Coal  seems  to  be  entirely  wanting. 
Tlie  Freeport  group  is  greatly  enlarged,  while  the  Ferriferous  Limestone  swells  to  a  size  even  beyond  that  which 
characterises  it  upon  the  Alleghany  at  Kittanning. 

The  follo^\Tng  section  (Fig.  430)  was  taken  in  Trough  Run  above  the  upper  bridge,  on  the  E  side  of 
the  Beaver  River,  and  nearly  opposite  the  Old  Brighton  Iron-works.  The  upper  layers  of  the  Tionesta  Sand- 
stone may  be  seen  approaching  the  water-level  of  the  Beaver  at  the  bridge,  and  form  part  of  the  falls  at  Pat- 
terson's Dam,  betw«en  Falston  and  Old  Brighton  Bridge  : — 

Sandstone,  flaggy,  60  feet ;  Coarse  brown  Shale,  7  feet.     U.  F.  Coal,  U  feet ;  Clay  and  Shale,  4  feet. 
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F.  Limestone,  rather  nodiilar,  3  feet ;  Blue  and  brown  Shale,  37^  feet.  Slaty  Sandstone,  35  feet ;  Light-brown  Shale,  3 
feet.    L.  F.  Coal,  \\  feet.  Fire-clay,  4  feet ;  Shale,  light  brown,  7  feet ;  blue,  2  feet ;  olive,  6|  feet.   Shale  and  slaty 


Fig.  430.— Beaver  River.  Fig.  431.— Old  Brighton.  Fig.  432.— Below  New  Brighton.  Fig.  434.— Ohio  Pdver,  Six-Mile 

Run. 


Sandstone,  12  feet ;  Brown  Shale,  30  feet.  Kittanning  Coal,  2|  feet  ;  Light  Shale,  7  feet ;  and  Shale,  argillaceous,  mica- 
ceous, sandy,  brown,  and  drab,  slaty,  40  feet ;  Shale,  blue,  13  feet.  Ferriferous  Limestone  (?)  l^feet;  Shale,  slaty, 
62  feet ;  Sandstone,  4^  feet.  Clarion  Coal,  1  ^  feet ;  Shale,  olive  and  brown,  7  feet ;  Sandstone,  1 9  feet.  Brookville 
Coal,  2  inches ;  Brown  Shale,  26|  feet ;  Tionesta  Sandstone,  upper,  S\  feet  exposed.  The  level  of  the  Beaver  Kiver 
is  here  691  feet  above  that  of  the  Ohio  at  Bridgewater. 

Upon  a  fork  of  Trough  Run  tlie  following  series  of  rocks  was  observed,  and  used  to  complete  the  upper 
part  of  vertical  column,  Fig.  430  : — 

To  top  of  hill,  25  feet.  Slaty  Sandstone,  &c.,  104  feet.  U.  F.  Coal,  3  feet ;  Brown  Shale,  84  feet.  L.  F.  Coal, 
4^  feet — a  semi-cannel  coal,  not  soiling  the  fingers  in  handling  it.  This  variation  from  1^  to  4^  feet  takes  place 
within  the  space  of  a  quarter  of  a  mile. 

The  absence  of  the  great  Ferriferous  Limestone  in  this  Trough  Run  section  is  remarkable. 

By  careful  comparison  of  the  columns  containing  it,  it  will  be  found  to  diminish  constantly  N.W.  from  the 
medial  line  of  the  Sixth  Basin.  The  impure  limestone,  1  feet  thick,  abounds  in  organic  remains.  This  is  replaced 
in  a  little  run  at  the  back  of  Old  Brighton,  by  a  bed  of  black  calcareous  shale,  studded  vdth  small  fossil-shells. 

In  a  small  gully  below  Old  Brighton  Bridge,  and  above  Patterson's  Dam,  the  following  section  (see  Fig.  431) 
was  obtained : — 

Sandstone,  thick  and  thin,  80  feet ;  Brown  Shale,  2|  feet.  U.  F.  Coal,  1^  feet ;  Fire-clay,  2 J-  feet.  F.  Limestone, 
3  feet ;  Fire-clay,  3  feet ;  Shale  and  Clay,  12  feet  ;  Shale,  fossiliferous,  ferriferous  ;  Shales  alternating  with  thin  sand- 
stones, with  many  fossil  plants,  60  feet.  L.  F.  Coal,  9  to  12  inches  ;  Clay  and  shale,  17  feet.  Interval  containing  the 
Kittanninc/  Coal,  12  feet  ;  Shales,  13^  feet ;  Argillaceous  Sandstone,  4  feet  ;  Shale,  calcareous,  3  feet ;  Areimceom  Lime- 
stone, 1  to  2  feet  ;  Slaty  Sandstone  with  calcareous  argillaceous  shales,  33  feet ;  Drab  Fossil  Slate  and  Brown  Shale, 
27  feet.  Ferriferous  {?)  Limestone,  14  inches;  Blue  slightly  bituminous  Slate,  with  ore,  16  feet;  Fire-clay  3  feet; 
Light-coloured  Ferriferous  Shale,  13^  feet ;  Argillaceous  Sandstone,  2  feet  ;  Bituminous  Shale,  3  inches  ;  dove-coloured 
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Shale,  17 feet ;  Reddish-brown  Sandstone,  131  feet ;  Shale,  10  feet.  Limestone,  1  foot.  Coal,  6  inches;  Bro\ra  Shale, 
8  feet  ;  Flaggy  Sandstone,  25  feet  exposed  to  water-level,  54^  feet  above  Ohio  water-level  at  the  mouth  of  the  Beaver 
River. 

Here  it  wiU  be  seen  that  130  feet  of  shales,  and.  massive  (Freeport)  sandstone,  have  dwindled  down  to  28 
feet  of  shales  and  thin  sandstones,  between  the  Eattanning  and  Lower  Freeport  coals,  almost  whoUy  removing 
the  elsewhere  so  strongly  marked  partition  between  the  Clarion  and  Freeport  series  of  Coal-measures. 

The  following  section  (Fig.  432)  was  got  from  a  run  opposite,  and  a  short  distance  below,  New 
Brighton : — 

Slaty  Sandstone,  to  the  top  of  the  hill,  40  feet.  Drab-coloured  Shales,  5  feet  ;  Bluish  grey,  16  feet.  Uppei- 
Freeport  Coal,  small ;  Fire-clay  ;  Shale.  Ferriferous  Limestone,  nodular,  3  feet ;  Shales,  sometimes  bituminous  ;  Slates, 
Flags,  probably  70  feet  ;  Brown  Shale,  3  feet.  Lower  Freeport  Coal,  1^  to  2  feet ;  Flag-sandstone,  11  feet ;  Shales, 
6  feet ;  Ferriferous,  11^  feet.  Kittanning  Coal,  2  feet ;  Shale,  slaty  Sandstone,  23|  feet;  Shales,  6^  feet.  Ferriferom 
Limestone,  8  feet ;  Shale,  kc,  20  feet — to  the  river  about  30  feet. 

The  small  section  taken  at  FaUston,  directly  opposite,  differs  materially  from  its  j^roper  representative 
portion  in  the  section  just  given,  as  will  appear  from  the  following  description  : — 

Lmuer  Freeport  Coal ;  Brown  and  olive  Shales,  40  feet.  Kittanning  Coal,  good,  3  feet ;  interval  of  55  feet.  Ferrifer- 
ous Limestone,  here  only  1  foot  thick,  but  rising  in  the  hills,  and  increasing  in  thickness  and  pureness  Northwards,  until 
it  enters  the  New  Brighton  Section  (Fig.  432)  as  8  feet  thick. 

The  hills  in  the  neighbourhood  of  Phillipsport  are  crowned  by  the  representative  shales  of  the  Freeport 
Sandstone. 

The  Upper  Freeport  Coal  rises  from  beneath  the  Ohio  River,  in  the  neighbourhood  of  Crow's  Run,  towards 
the  N.W.,  at  an  angle  of  one  degree.  Its  final  outcrop  ranges  through  the  S.  portion  of  Little  Beaver  Town- 
ship :  it  ranges  therefore,  ever  varying  in  thickness  and  quality,  through  Chippewa,  Brighton,  South  Beaver, 
and  Ohio  townships. 

North  of  the  Ohio,  and  W.  of  the  Beaver  River,  the  variegated  shale  of  the  Barren  Measures  is  not  discover- 
able, but  it  occurs  in  New  Sewickly  on  the  E  side,  and  likewise  S.  of  the  Ohio,  in  Moore  and  Green  townships. 
The  N.  corner  of  Economy  Township  may  have  the  small  fossiliferous  limestone  which  overlies  the  shale. 

The  Kittanning  Goal-Bed  has  been  opened  on  the  banks  of  the  Oliio,  below  the  mouth  of  the  Beaver  River, 
in  several  drifts  a  little  below  the  village  of  PhiUipsburg.  It  rests  upon  a  bed  of  good  fire-clay,  which  in  tui-n 
overlies  brown  shale  and  slaty  sandstone,  while  the  upper  margin  of  the  Ferriferous  Limestone  is  just  below 
the  water-mark.  The  roof  of  the  coal  is  brown  shale  containing  a  Pecten,  and  above  this  other  ferriferous  shales, 
and  then  sandstones.  Above  the  coal  is  brown  shale  containing  a  few  scattered  nodules  of  blue  argUlaceous  iron- 
ore.  The  layer  of  thin  shale  next  the  coal,  and  which  forms  its  roof,  is  slightly  bituminous,  and  occasionally 
contains  a  small  Pecten.    Above  the  shale  is  a  thick  mass  of  alternating  shales  and  slaty  sandstone. 

Farther  down  the  same  side  of  the  river,  the  fire-clay  is  wi-ought,  and  the  bricks  sent  to  Pittsbm-g  ;  and  also 
on  the  opposite  side  of  the  river,  3  miles  below  Beaver,  where  it  is  8  feet  thick.  The  clay  is  good,  and  the  bricks 
have  hitherto  found  a  good  market.  The  coal  resting  upon  it  is  2i  feet  thick,  and  probably  30  feet  above  the 
Ferriferous  Limestone. 

At  Six-mile  Run  (see  Fig.  43-i),  at  a  small  village  called  Industry,  the  Kittaimiug  Bed  jields  3^  feet  of 
excellent  coal.  Beneath  it  is  a  bed  of  slaty  sandstone,  the  lower  part  of  which  is  in  some  places  massive, 
exliibiting,  locally,  highly-inchned  planes  of  deposition.  Above  the  coal-seam  is  a  similar  brown  shale  with  that 
at  PhiUipsburg,  containing  the  same  kind  of  argillaceous  bluish  ii'on-ore.  This  latter  continues  up  the  hiU  as 
far  as  the  strata  are  exposed,  probably  45  feet.  From  this  bed,  which  is  generally  miscalled  "  The  Fallston  Vein," 
the  inhabitants  of  the  surrounding  country  and  the  various  manufactories  draw  their  chief  siipply.  Indeed,  it  is 
the  only  bed,  from  the  mouth  of  the  Beaver  River  to  the  Ohio  State  line,  that  can  be  depended  upon,  and  the 
fuel  obtained  from  it  is  certainly  of  a  very  superior  quality. 

The  Ferriferous  Limestone  at  the  Two-mUe  Run  is  from  18  to  20  feet  thick,  of  excellent  quality,  bluish- 
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grey  in  colour,  fossiliferous,  and  40  or  45  feet  above  the  water-level.  It  rises  Westward,  showing  itself  again  at 
the  mouth  of  Kock  Kun  with  a  soft,  clean-grained,  yellow,  massive  sandstone  covering  it ;  and  again  at  the  Bun, 
3^  miles  from  Beaver.    At  Six-mile  Run  its  upper  edge  is  at  low-water  level. 

All  the  strata,  from  the  Ferriferous  Limestone  upwards,  may  be  foimd  upon  the  tributary  waters  of  the 
Little  Beaver  Creek. 

We  will  now  resume  the  description  of  the  Fifth  and  Fourth  Basins,  and  carry  forward  that  of  the  country 
lying  N.  of  the  Conemaugh  or  Kiskiminetas  River,  along  Red  Bank,  Mahoning,  Crooked,  and  Black-Lick  creeks. 


CHAPTER  XIX. 

COUNTRY  WATERED  BY  THE  RED -BANK  CREEK,  JEFFERSON  COUNTY— FIFTH  BASIN. 

Brookville  is  situated  in  the  Fifth  Basin,  5  miles  by  the  turnpike  from  its  Eastern,  and  10  miles  from  its 
Western  bounding  axis. 

The  Vespertine  rocks  appear  in  the  valley  of  the  Sandy  Lick  Creek  at  Brookville.  The  Serai  conglomerate 
covers  with  its  fragments  the  low  grounds  along  all  the  watercourses,  and  overspreads  much  of  the  country  to 
the  N.,  from  which  a  violent  denudation  has  swept  the  upper  rocks,  except  in  isolated  patches  forming  hills, 
containing  at  their  summits  (especially  those  towards  the  Clarion  River)  the  Ferriferous  Limestone. 

Tlie  tracing  of  the  conglomerate  is  rendered  more  difficult  from  its  great  thickness,  amounting  nearly  to 
100  feet,  and  from  the  proximate  position  and  similar  appearance  of  the  Tionesta  conglomeritic  sandstone,  50 
or  GO  feet  thick,  which  overspreads  it.  Towards  the  Clarion,  the  lower  mass  becomes  a  true  conglomerate,  con- 
taining pure  white  pebbles  regularly  circumbedded,  and  never  larger  than  a  common  chestnut.  The  mUlstones 
cut  from  this  rock  are  never  sought  for  lower  down  the  Clarion  than  the  Ai-mstrong  Mills,  3  miles  above  the 
Jefferson  County  line.  Below  this  the  rock  loses  its  conglomeritic  character.  Much  building-stone  has  been 
cut  at  the  mouth  of  Clear  Run,  5  miles  higher  up,  and  also  as  high  up  as  15  miles  above  the  mills  :  this 
seems  the  N.E.  limit  of  the  pebbly  portion  of  the  formation.  At  Ridgeway  it  is  a  mere  sandstone.  It  is  seen 
as  a  conglomerate  in  all  the  ravines  of  Sandy  Lick  and  Red  Bank  creeks  as  far  down  as  Troy,  where  it  sinks 
beneath  the  water-level 

The  Tionesta  Sandstone  covers  much  ground  on  the  road  from  Armstrong's  Mills  to  Brookville,  presenting 
no  cliff  exposures,  but  filling  the  valleys  of  the  little  streams,  and  covering  the  flats  with  fragments  :  the  whole 
country  roUs  so  gently,  that  its  geological  level  scarcely  varies  by  one  coal-bed. 

Beneath  the  Tionesta  Sandstone  lies  the  Tionesta  Coal,  seen  around  Troy  and  elsewhere,  and  opened  half 
a  mile  W.  of  Brookville,  a  little  N.  of  the  turnpike,  in  the  bed  of  a  small  run  ;  it  occurs  in  the  following  strata  : — 

Hill  of  soft  shales  and  light  sandstone,  50  feet  ;  A  wash  of  slate  and  shales,  10  feet  ;  Black  Slate,  2  feet.  Coal, 
cannel,  2  inches  ;  good  coal,  13  inches  ;  slaty,  1  inch  ;  good  coal,  3  inches  ;  supported  by  massive  white  sandstone. 

The  pressure  of  the  shales  above  this  exposure  incline  the  observer  to  consider  it  a  thinner  section  of  the 
Brookville  Coal. 

The  Brookville  Coal-bed  is  seen  upon  the  hills  back  of  the  town,  and  on  the  turnpike  towards  Clarion.  It 
outcrops  towards  the  fifth  axis  about  5  miles  W.  of  Brookville,  and  measures  3  or  3|  feet  in  thickness  ;  also 
around  the  sides  of  a  high  hill,  6  miles  from  Brookville  on  the  Warren  Road,  60  or  80  feet  below  the  summit, 
upon  which  lie  the  fragments  of  the  Ferriferous  Limestone-bed  and  its  valuable  ore.  At  the  foot  of  the  hill, 
below  the  coal,  the  outcrop  of  another  bed  (the  Tionesta  Coal)  is  seen  in  the  opening,  appearing  thus  : — 

Cannel  Coal,  1  foot ;  Clay,  1  foot ;  Good  Coal,  1  foot.  The  interval  of  from  40  to  GO  feet  is  evidently  occupied  by 
(the  Tionesta)  flaggy  sandstone. 

The  Ferriferous  Limestone  is  seen  2  miles  S.  of  Armstrong's  Mills,  and  the  Brookville  Coal  below  it ;  but 
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between  the  two  there  is  a  bed  of  superior  iron-ore  several  inches  tliick,  and  above  the  iron  ore  (which  is  not  the 
Ferriferous  Limestone  ore)  is  a  band  of  black  slate,  2  feet  thick,  with  a  few  inches  of  coal,  and  floored  by  mica- 
ceous sandstone,  5  feet  thick,  crossed  in  all  directions  with  the  black  impressions  of  the  stems  of  fossU  plants. 
This  may  be  the  representative  of  the  Clarion  Coal-bed,  as  in  the  Strattonville  Section  (see  Fig.  413,  p.  569). 

In  the  isolated  district  of  Coal-measures  enclosed  between  the  Sandy  Lick  and  Mill  creeks  N.E.  of  Brook- 
vUle,  at  its  N.  end,  a  ridge  contains  the  Ferriferous  Limestone. 

Fig.  435. — Armstrong's  Mill,  Clarion  River. 


Tlie  Clarion  Ri\ 


On  the  Curwensville  Turnpike  the  Ferriferous  Limestone  is  not  observed,  but  occurs  not  far  N.  of  it  on  the 
road  to  Toby  Creek.    A  coal-bed  of  no  considerable  thickness  (the  BrookvUle  Coal)  has  been  opened  below  it 

The  hiU,  ascending  from  the  Brookville  bridge  eastward,  is  composed,  at  its  base,  of  Vespertine  sandstones  : 
these  form  cliffs  along  the  water's  edge  at  Port  Barnet,  below  the  sawmill,  where  is  a  quarry  of  grey 
flagstone.  The  rocks  of  this  formation  may  be  thus  characterised  :  They  are  usually  greenish,  yellowish,  or 
olive-coloured  sandstone  layers,  from  1  to  5  inches  in  thickness,  finely-grained,  argillaceous,  containing  peroxide 
of  iron  in  hollow  concretions.  Shales  and  shaly  sandstone  in  layers  alternate  with  the  flags,  and  constitute  a 
larger  proportion  of  the  whole.  They  separate  the  formation  also  into  belts,  and  greatly  predominate  at  its 
upper  limit,  where  they  contain  the  shelly  argillaceous  iron-ore.  From  30  to  40  feet  of  these  upper  shales  and 
flags  are  seen  in  the  valley  of  the  Sandy  Lick. 

Down  the  Sandy  Lick  Creek,  2|-  miles  E.  of  Troy,  the  Ferriferous  Limestone  appears,  thin  and  blue,  with  a 
sandstone  roof    Twenty  feet  below  it  is  the  Clarion  Coal-bed,  1  ^-  feet  thick.    It  occurs  again 
in  the  road  immediately  below  the  Little  Run,  ascending  the  hiU  to  Troy.    Here  it  is  4  feet 
'      thick.    The  Clarion  Coal,  opened  below  it  in  several  places,  is  2  feet  thick.    The  Kittanning 
0     Coal  was  not  discovered  above  the  limestone. 

3  One  mile  below  Troy  the  following  section  (see  Fig.  436)  was  obtained  : — 


Sandstone,  Freeport,  50  feet,  to  the  top  of  the  hill.  Shale  and  Sandstone,  75  feet.  Kittanning 
Coal,  2  feet ;  Brown  Shale,  with  compact  oolite  iron-ore,  30  feet.  Ferriferous  Limestone,  4  feet ; 
Shale  and  Slate  (ore  in  lower  part),  30  feet.  Clarion  Coal,  14  inches.  Shale,  55  feet.  Broohvilh 
Coal,  3^  feet  ;  Shale  and  Slate  to  bed  of  the  creek,  45  feet.  The  Freeport  Sandstone  covers  the 
country  upon  the  road  to  Kittanning. 

The  Lower  Freeport  Coal-Bed  is  first  met  with  capping  the  highest  hills  on  the  Red 
Bank  Creek,  6  miles  below  Troy.  It  is  opened  at  the  Old  Tavern,  4  or  5  mUes  farther 
towards  Kattanning,  as  in  the  follomng  section — (see  Fig.  438)  : — 

Shale ;  Upper  Freeport  Coal ;  Freeport  Limestone  ;  Sandstone,  50  feet.  Lower  Freeport  Coal,  4i 
feet.  Freeport  Sandstone  (a  few  pebbles),  50  to  60  feet  ;  Shales,  «S:c.,  75  feet.  Kittanning  Coal, 
2h  feet ;  Sandstone,  flaggy,  45  to  50  feet ;  Dark  Shales,  10  feet.  Ferriferous  Limestone,  6  feet  ; 
Shale,  olive  and  yellow,  20  feet.    Clarion  Coal,  in  the  bed  of  the  creek. 

These  strata  rise  towards  the  fifth  axis  as  we  descend  the  Red  Bank  Creek.  The 
Ferriferous  Limestone  is  repeatedly  exposed  along  the  creek,  and  at  a  considerable  height 
above  the  mouth  of  Leatherwood  Creek. 

The  Lower  Freeport  Coal  is  opened  on  the  hills  half  a  mile  S.  of  the  tavern,  about  175 
feet  above  the  creek  ;  it  is  of  n.  good  quality,  and  3  or  4  feet  thick.    Its  roof  is  formed  by  10 
feet  of  brown  shale  :  no  limestone  is  visible. 


Fig.  43(3.— One  mile 
below  Troy. 
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Fig.  437. 
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FiG.  438.— Red  Bank, 
6  miles  below  Troy. 


The 


The  Lower  Freeport  Coal  is  well  seen  on  a  little  run  which  enters  the  Red  Bank  3;^  miles  below  Smith's 
Tavern,  and  2  miles  S.E.  of  New  Bethlehem.  It  is  here,  at  Brown's,  10^  feet  thick,  the  upper- 
most 8^  feet  of  the  bed  consisting  of  excellent  cannel-coal,  compact,  and  breaking  out  in 
pieces  of  considerable  size,  with  a  conchoidal  fracture.  Two  feet  of  ordinary  bituminous  coal 
underlie  the  cannel  coal,  without  graduation  or  interpolation,  and  this  again 
rests  upon  black  slate.  Above  the  coal  are  20  feet  of  soft  brown  shales, 
-50  0-1-  upon  which  are  sandstones  supposed  to  be  members  of  the  Mahoning  Sand- 
ra 6  stone,  above  the  Upper  Freeport  CoaL  A  similar  coal-bank,  supposed  to 
be  upon  the  same  Lower  Freeport  Coal-bed,  exists  on  Pine  Creek  (marked 
-Brown's  Beaver  Creek  on  the  State  Map),  5  miles  S.E.  of  this  locality. 

A  terrace,  replete  with  springs,  was  supposed  to  mark  the  presence 
and  position  of  the  Upper  Freeport  Coal-bed,  about  30  feet  above  the  outcrop  of  the  cannel  coal. 

Three  miles  E.  of  the  Old  Tavern  we  have  alluded  to  on  Red  Bank  Creek,  there  may  be 
seen  a  bed  of  coal  (Upper  Freeport  Coal),  probably  4  feet  thick,  under  which  appears  the 
Freeport  Limestone.  Gradually  rising  to  a  higher  level,  towards  the  N.E.,  the  Upper  Free- 
port  Coal-bed  appears  to  make  its  final  outcrop  in  the  centre  of  the  basin,  on  the  steep  hills 
which  bound  the  main  stream  of  the  Little  Sandy  Lick.  At  this  line,  the  area  occupied  by 
this  seam,  and  the  Freeport  Limestone  under  it,  cannot  be  more  than  2J  or  3  miles  wide  ; 
but  as  the  basin  deepens  S.,  this  area  gradually  vsddens,  and  the  outcrops  separate,  untU  theW. 
one  arches  over  the  fourth  axis,  2  or  3  miles  beyond  where  the  latter  has  crossed  the  Mahoning  Creek. 
W.  outcrop  traverses  the  high  hills  which  overlook  the  Red  Bank  Creek  on  its  S.  side,  and 
then  at  the  Olean  Road  takes  a  more  South-easterly  direction  towards  the  Mahoning  Creek. 

At  New  Bethlehem,  exposures  of  the  rocks  of  the  Clarion  series  are  quite  numerous.  The 
Clarion  Coal-bed,  5  feet  thick,  is  opened  15  feet  above  water-level ;  roof,  soft  black  shale,  8  feet 
exposed  (see  Fig.  439.)  The  Ferriferous  Limestone,  4  feet  exposed,  hard,  dark-blue,  fossil- 
iferous,  is  opened  25  or  30  feet  above  it ;  and  still  higher  up,  the  Kittanning  Coal-bed,  3  feet 
thick,  good,  with  brown-shale  covering.  The  Ferriferous  Limestone  is  again  seen  at  various  ^^ig^^**"^  ^^^^ 
places,  50  feet  below  the  tops  of  the  hUls. 

The  Ferriferous  Limestone  appears  at  Reynolds'  and  Schunk's  Furnace,  bearing  its  proper  iron-ore. 
limestone  is  grey,  and  about  6  feet  thick.    The  ore  overlies  it,  varying  in  thickness  from  a  few 
inches  to  3  feet.    Below  the  limestone  lies  another  bed  of  equally  good  ore,  more  regular,  and 
averaging  9  inches  in  thickness.    Tlie  ore  is  richest  at  the  outcrop,  where  the  carbonate  of  iron 
has  been  converted  into  the  peroxide.    No  chert  is  seen. 

Above  the  ore  rest  oUve  shales,  perhaps  40  feet  in  thickness  (Fig.  440),  and  over  them  the 
Kittanning  Coal-bed,  30  inches  thick,  of  poor  quality,  containing  nodules  of 
sulphuret  of  iron,  and  roofed  by  bituminous  and  brown  shales.  The  hill  is 
capped  by  the  massive  Freeport  Sandstone. 

'        Descending  the  Red  Bank,  the  Serai  conglomerate  and  Tionesta  Sand- 
35  0  stone  appear,  but  no  coal  is  apparent  between  them  ;  exposures  are  rare. 

The  Freeport  Sandstone  is  the  surface  rock  along  a  strip  of  country  where  the  fifth  axis 
'  runs  S.W.,  after  crossing  the  Red  Bank  Creek,  2  or  3  miles  below  the  Fm-nace.    This  strip  of 
country  is  in  consequence  sandy  and  barren.    The  following  section  (see  Fig.  441)  was  made  at 
.  the  mouth  of  the  Mahoning  Creek  : — 
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Fig.  440. — Reynolds' 
and  Schunk's  Fur- 


Ferrlfcrous  Limestone,  15  feet  ;  Shale  (ore),  35  feet.   Clarion  Coal,  2j  feet  ;  Shale,  &c.,  20  feet. 
Broohville  Coal,  1  foot.    Tiouesta  Sandstone,  massive,  60  feet ;  Shale,  silicious,  25  feet ;  Olive  bitu- 
FiG.  441.— Mouth  of  minous  Shale,  15  feet.  Tionesta  Coal,  \  \  feet.  Serai  Conglomerate,  massive,  also  shalj',  100  feet  ;  Shale, 
Mahoning.        sandy,  partly  carbonaceous,  with  seams  of  calcareous  sandstone,  from  \  inch  to  1  inch  thick,  20  feet. 
Bituminous  Shale,  3  inches  ;  Hharon  Coal,  2h  inches  ;  Shale,  sandy  above,  bituminous  below,  3i  feet ;  Coal,  6  inches  ; 
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thin  bituminous  Slate,  with  some  silicious  layers,  11  feet  ;  Coal,  H  inches  ;  Blue  sandy  Clay,  2  feet  ;  Slaty  Sandstone, 
25  to  30  feet,  to  the  level  of  the  Mahoning  Creek.*  These  soon  disappear  beneath  the  water,  with  a 
dip  of  5°  S.,  12°  E. 


^1 


None  of  the  hills  around  are  high  enough  to  have  the  Lower  Preeport  Coal-bed,  but  both 
the  Freeport  Limestone  and  Upper  Freeport  Coal-bed  are  seen  on  Scrubgrass  Creek,  which 
enters  the  Mahoning  2  miles  above  its  mouth  (see  Fig.  442).  The  coal  is  often  so 
thinned  away  as  to  disappear,  and  let  the  Mahoning  Sandstone  rest  upon  Freeport  Limestone. 
This  is  the  case  at  the  exposure  on  the  North  Branch  of  Pine  Creek,  where  the  Mahoning 
Sandstone  is  exposed,  60  feet  thick,  capping  the  hill.  Here  the  lower  shales  of  the  interval 
between  the  two  Freeport  coal-beds  are  mostly  dark  brown  and  black,  and  contain  layers  of 
^^above  mourh  onvia-  argiUaceous  iron-ore.   There  seems  just  here  to  be  a  local  dip  towards  the  W. 

honing  Creek. 


CHAPTER  XX. 


COUNTRY  ON  THE  MAHONINGt  AND  COWANSHANNOCK  WATERS,  THIRD  AND  FOURTH  BASINS, 

INDIANA  AND  ARMSTRONG  COUNTIES. 

As  we  follow  the  medial  line  of  the  Third  Basin  S.  from  Luthersburg,  the  Clarion  strata  sink  with  it,  and 
outcrop  on  its  margins  ;  they  are  exposed  in  the  neighbourhood  of  Punxutawney,  and  on  many  of  the  tributaries 
of  the  Mahoning  Creek.  But  in  this  region,  as  upon  the  Red  Bank,  the  Lower  Freeport  Coal  group,  next  above, 
is  the  principal  one,  for  the  Upper  Freeport  Coal  is  frequently  absent,  and  the  Elk  Lick  Coal  seems  to  have 
dwindled  again  to  insignificance. 

At  Punxutawney,  the  Mahoning  Creek  flows  between  slopes  from  100  to  150  feet  in  height,  abrupt  on  the 
S.  bank,  and  gentle  on  the  N.,  because  the  dip  is  S.E.  The  general  upland  level  rises  W.  in  obedience  to  the 
thu-d  axis. 

At  Punxutawney,  the  Lower-  Freeport  Coal-bed  underlies  the  village  at  a  depth  of  from  20  to  40  feet.  It 
makes  its  appearance  upon  the  axis,  which  runs  within  a  mile  to  the  N.W.  of  the  village. 
There  the  following  section  (see  Fig.  443)  was  obtained : — 

Sandstone  ;  variegated  Shales  and  Sandstones.  Elk-Lick  Coal,  H  feet  ;  Mahoning  Sand- 
stone, from  40  to  50  feet ;  Shale,  15  feet.  Upper  Freeport  Coal,  with  a  band  of  fossiliferous 
calcareous  Shale  above  it,  15  inches  ;  Dark  Shales,  15  feet.  Freeport  Limestone,  3|feet ;  Shales, 
30  feet. 

The  Lower  Freeport  Coal  is  8  feet  thick  as  it  appears  in  the  Little  Run,  2  miles  S.W. 
of  Punxutawney  ;  the  coal  is  solid  and  good,  and  dips  with  the  rim  towards  the  S.E.  At 
the  surface  the  outcrop  of  this  large  bed  was  only  2  feet  thick  in  one  place,  and  4  feet  in 
another.    At  the  head  of  the  rmi  it  has  also  been  opened. 

The  Freeport  Limestone,  half  a  fine-grained  blue  carbonate  of  lime,  and  half  a  cai-bonate 
of  iron  of  similar  aspect,  makes  its  appearance  upon  the  bluff,  near  the  sawmill,  running 
along  about  15  feet  above  the  water  of  the  creek,  and  again  in  the  mUl-race  above  the 
^ and \w7m'ifes'sl\v.^lf  village.    It  may  be  compared  with  the  bed  at  Reynolds',  on  Sandy  Lick  Creek,  and  is 
Punxutawney.  doubtless  the  Same.    A  band  of  black  fossiliferous  calcareous  shale,  fomid  above  it,  is  at 

least  persistent  enough  to  be  found  again  down  the  Mahoning  Creek,  at  Smicksburg. 


*  The  lower  portions  of  the  section  were  taken  from  the  exposures  on  the  N.  side  of  the  streaiu  ;  the  upper  portions, 
from  behind  Templeton's  Tavern. 
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Fig.  445.—  Freeport 
Lime.stone,  5  miles 
below  Punxutawney. 


The  limestone  rises  as  we  descend  the  creek,  and  at  Kinsel's  is  from  40  to  60  feet  above  the  water-level. 
Above  it,  scattered  thickly  over  the  fields  in  patches,  are  to  be  seen  many  pieces  of  a  honeycomb  pure  ore,  of 
excellent  qxiality  and  in  great  abundance  ;  but  the  band  does  not  appear  in  place.    We  may 
venture  the  assertion,  that  it  is  part  of  the  semi-ferruginous  Freeport  limestone-bed  itself,  the 
highly  ferriferous  fragments  of  which  have  assumed  this  aspect  in  weathering.    The  fragments 
are  spread  over  a  long  slope,  at  the  head  of  which  (perhaps  40  feet  above  the  limestone)  is  a 
bench  doubtless  containing  the  Elk  Lick  or  possibly  the  Upper  Freeport  Coal-bed.    Beneath  ^^"'Mahra^ag'*" 
this  supposed  coal-bed  is  seen  the  outcrop  of  a  conglomeritic  sandstone  (Mahoning  ?)  Erratic 
blocks,  broken  from  this  formation,  lie  strewn  upon  all  the  bottoms  of  the  Mahoning  Creek  in  this  neighbour 
hood ;  some  of  them  are  of  great  size,  and  quite  angular.    There  lies  a  sandstone  stratum  upon 
the  G  feet  of  shale  covering  the  Lower  Freejjort  Coal  (6  feet  thick),  5  miles  below  Punxutawney, 
but  of  a  wholly  different  character,  being  flaggy  and  homogeneous. 

Here  the  Freeport  Limestone  is  in  two  layers,  the  uppermost  20  inches  thick,  of  good  blue 
carbonate  ;  then  2h  inches  of  bright-yellow  clay  ;  and  underneath  it,  1 2  inches  of  limestone  is 
exposed,  which  may  be  thicker.  ^Lying  scattered  about  the  quarry,  as  useless,  are  slabs  of  grey 
carbonate  of  iron,  inches  in  thickness,  and  also  of  a  shaly,  silicious,  hard,  and  heavy  ferru- 
ginous semi-limestone  stratum,  recognisable  also  in  the  Smicksburg  Section. 

At  Templeton's,  where  the  Lower  Freeport  Coal  is  only  opened  as  a  3|-feet  bed,  with  shale  roof  and  slate 
floor,  at  the  level  of  the  creek,  the  Freeport  Limestone,  10  or  12  feet  above  it,  is  a  band  2^  feet 
thick,  floored  by  shelly  sandstone,  looking  like  a  decomposed  ferruginous  rock.    At  another  2  6. 
opening  it  appears  in  three  layers,  thus  : —  ^  *  - 

Pure  black  Limestone,  4  inches  ;  Black  Slate,  3  inches  ;  Yellow  Limestone,  4  inches  ;  Clav,  3  „ 

'  '  '        ■J'       blG.  446. — Framp- 

inches  ;  Limestone,  2  feet  ;  Slate. — (See  Fig.  446.)  ton's. 

At  Kinter's  Mill,  where  the  third  axis  crosses  the  Mahoning  Valley,  the  Freeport  Limestone  just  reaches 
water-level,  so  rapidly  has  the  axis  declined  from  the  neighbourhood  of  Punxutawney.  Above  it  is  a  small  bed, 
the  Upper  Freeport  Coal ;  and  high  up  towards  the  Barren  Measures,  which  occupy  all  the  high  lands,  are  calca- 
reous shales,  with  a  6-inch  bed  of  coal  upon  them.  These  Barren  Measures  occujiy  the  whole  basin  to  the  E. 
and  S.  of  Punxutawney,  yielding  no  workable  coal,  and  no  large  bed  of  limestone,  but  displaying  the  conglome- 
ritic Mahoning  Sandstone  everjrwhere  as  their  base  rock. 

Near  the  head-waters  of  the  Little  Mahoning  Creek,  a  limestone-bed  is  seen  20  feet  below  a  coal-bed,  both 
unidentified  ;  at  a  level  60  feet  lower,  springs  issue  along  a  terrace,  where  they  have  deposited  an  extensive  ore- 
bog  at  the  village  of  Robertsville. 

The  limestone  appears  again  at  a  place  2|  miles  S.E.  of  Simpson's  Mill,  4  miles  W.  of  Robertsville. 
The  strata  dip  W.  after  passing  the  mill ;  and  at  a  place  2|  miles  W.  of  it,  a  coal-bed,  2  feet  10  inches  thick,  is 
seen  4  feet  above  the  water  in  the  creek.  A  short  distance  below  this,  two  other  coal-exposures  appear,  one  at 
a  height  of  50,  the  other  of  30  or  35  feet  above  the  water.  The  position  of  the  uppermost  (evidently  the 
Upper  Freeport  Coal)  seems  to  be  signified  by  the  presence  of  the  limestone,  at  a  level  a  little  lower  than  its 
own,  a  short  distance  down  the  creek. 

Two  miles  E.  of  Dill's  Mill,  5  miles  below  Simpson's  Mill,  and  at  the  crossing  of  the  Indian  Road,  bluish- 
black,  fossiliferous  calcareous  slates  (the  black  limestone-strata  of  the  Barren  Measures)  are  seen  on  the  N.  side 
of  the  road,  at  a  spring  which  issues  65  or  70  feet  above  the  level  of  the  creek.  De- 
scending the  creek  three-fourths  of  a  mile,  a  limestone  in  two  layers,  separated  by  1  foot  of 
crumbly  shale,  is  seen  lying  in  the  bed  of  the  stream  ;  and  this  continues  to  be  visible  at 
water-level  to  within  400  or  500  yards  above  Dill's  Mill.  Eighteen  feet  above  the  lime- 
stone there  is  a  coal-bed  (Upper  Freeport  Coal)  5  inches  thick  ;  the  inteiTal  greenish  and 
brownish  shale.s,  with  some  sandstone.    Coal-roof,  blue  .shale,  12  feet. — (See  Fig.  447). 

At  Ewing's  Mill,  still  farther  down  the  creek,  in  a  little  run,  is  seen  a  bed  of  very  pure  carbonate  of  iron 
18  inches  thick,  in  layers  of  4  and  5  inches  thick,  with  concretions  of  silica,  while  masses  and  veins  of  apparently 
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Fig.  447.— Dill's  and  Ewing's 
Mill,  Mahoning  Creek. 
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pure  carbonate  of  lime  subdivide  the  ore.  These  limestone  portions  of  the  bed  have  a  semi-crystalline  structure, 
breaking  into  columns  and  cubes.  Above  it  lie  10  feet  of  shale,  and  a  thin  coal  (Upper  Freeport  ?).  The 
massive  debris  of  a  conglomeritic  sandstone  (the  Mahoning  ?)  fill  the  run  and  cover  the  slopes  ;  while  the  great 
shale-formation  of  the  Barren  Measm-es  is  seen  to  form  the  high  ground,  traversing  "  the  Hog-Back,"  and 
descending  again  to  Kinter's  Mill. 

The  Lower  Freeport  Coal-bed,  10  inches  thick,  appears  in  the  race-way  of  Swing's  Mill,  certainly  not  more 
than  20  feet  below  the  limestone,  which  is  17  feet  above  the  water-level  below  the  mill ;  it  is  there  capped  by 
5  inches  of  iron  ore.  On  a  little  stream  near  by,  the  limestone  again  appears,  and  16  or  17  feet  above  it  is 
said  to  be  an  Upper  Freeport  Coal-bed,  10  inches  thick.  Fragments  of  a  limestone 
stratum  of  the  Barren  Measures  lie  strewn  upon  the  road  near  the  mUl,  at  an  elevation 
of  80  or  90  feet  above  the  water.  These  fragments  are  flat,  6  or  8  inches  thick,  and  fuU 
of  small  clusters  of  crystallised  carbonate  of  lime,  and  the  same  minute  shells  that  are 
found  in  the  Freeport  Limestone. 

At  Kinter's  Mill  the  E.  dip  has  raised  the  Freeport  Limestone  to  a  height  of  40 
or  50  feet  above  the  stream.  One  hundi'ed  feet  above  the  limestone,  2  miles  S.W., 
aj^pear  the  black  fossiliferous  limestone  strata,  over  which  is  a  coal-seam  4  inches  thick. 

Three-fourths  of  a  mile  above  Smicksburg,  the  Freeport  Limestone  is  about  18  feet 
above  the  creek,  and  apparently  non-fossiliferous.    At  Smicksburg  the  Lower  Freeport 
Coal,  2h  feet  thick,  lies  in  the  bed  of  the  creek  at  the  Turnpike-crossing,  and  is  cut  by 
the  village  wells.    It  underlies  the  limestone  from  20  to  40  feet.    The  limestone. 
Fig.  448.-Smicksburg.     ^^.j^  .^^  ^^g^j^^^  ^^^^^^         elevation  of  43  feet  upon  the  N.  hill-slopes. 

About  10  feet  above  the  hmestone  several  old  gangways  have  been  driven  in  upon  the  Upper  Freeport 
Coal,  4j  feet  thick  (see  Fig.  448)  ;  above  which  are  the  fragments  of  the  Mahoning  Sandstone,  quite  con- 
glomeritic.   The  land,  back  from  the  creek,  is  very  high,  but  composed  of  Barren 
Measures. 

The  Freeport  (?)  limestone  appears  80  feet  above  the  water,  near  the  forks  of  the 
Great  and  Little  Mahoning. 

At  the  crossing  of  the  MiddletoAvn  Road,  over  the  great  Mahoning  Creek,  the 
strata  begin  to  dip  more  steeply,  and  soon  the  Ferriferous  Limestone  and  its  overlying 
Kittanning  Coal  rise  from  the  water. 

The  Upper  Freeport  Coal  is  seen  N.E.  of  the  salt-works,  a  little  East  of  the  road, 
150  or  200  feet  above  the  creek,  the  Freeport  Limestone  occurring  at  a  little  lower 
level  opposite. 

The  fourth  axis  crosses  somewhat  below  Glade  Run,  but  so  rapidly  does  it  decHne, 
like  all  the  others,  to  the  S.W.,  that  on  the  Cowanshannock  it  does  not  lift  the  Ferri- 
ferous Limestone  to  water-level,  although  here  that  bed  is  at  a  considerable  height  in  the  hiU-sides. 

On  Pine  (marked  Beaver)  Run,  above  Smith's  Sawmill,  was  obtained  this  section  (see  Fig.  450) : — 

Sandstone,  10  feet.  Upper  Freeport  Coal,  5  feet  8  inches;  Olive  Shale,  10  feet.  Freeport 
Limestone  ;  Blue  Shale,  10  feet.  Lower  Freeport  Coal  ;  Shale,  5  feet ;  Sandstone  (Freeport),  75  feet ; 
Black  Slate,  4  feet.  Kittanning  Coal,  3  feet ;  Olive  Shale,  20  feet.  Ferriferous  Limestone,  8  feet ; 
80  feet  above  the  creek  by  estimation. 

The  Upper  Freeport  Coal-bed  throws  its  W.  outcrop  across  the  Mahoning  Creek,  5  or  6 
miles  above  its  confluence  with  the  Alleghany. 

The  fourth  axis  is  crossed  by  the  outcrop  of  the  Upper  Freeport  Coal-bed,  2  miles  S.W. 
of  the  Mahoning.    It  crosses  the  Cowanshannock,  8  miles  from  Kittanning,  and  brings  up  in 
the  bed  of  the  stream  both  the  Kittanning  Coal-bed  and  the  Ferriferous  Limestone,  while  the 
Lower  Freeport  Coal-bed,  1^  feet  thick,  lies  near  the  top  of  the  hills. 
Two  miles  W.  of  Rural  Village,  on  a  farm  known  as  Smith's  Tract,  the  Upper  Freeport  Coal-bed  is  150  or 
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Fig.  450.— Smith's 
Sawmill. 
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more  feet  above  the  creek,  it  is  4  feet  tliick,  of  good  quality,  but  with  a  little  sulphur.    Ten  feet  below  it  is  the 
Ferriferous  Limestone,  6  feet  thick.    Fifty  feet  below  the  limestone  is  seen  the  Lower  Freeport  Coal,  said  to  be 
Ih  feet  thick.    Upwards  of  100  feet  lower  down,  near  the  creek-level,  is  the  Kittanning  Coal-bed,  thickness 
unknown.    This  locality  is  on  the  E.  side  of  the  fourth  axis,  and  distant  from  it  2  or  2^  miles  ;  dip  S.R 
At  Patterson's  Mill  the  Kittanning  Bed,  covered  by  40  feet  of  shales,  reads  thus  : — 

Bituminous  Shale,  3  feet;  CoaZ  and  Slate  interleaved,  vegetable  impressions  numerous,  12  inches;  Coal,  12 
inches  (7  feet  above  level  of  water)  ;  Floor,  black  Slate. 

Lower  down  it  reads  thus  : — 
Black  Slate,  5  feet;  Coal,  5  inches;  Bituminous,  pyritous  slate,  18  inches;  Coal,  15  inches;  Slaty  Coal,  14 
inches. 


CHAPTER  XXL 

THIRD  BASIN,  IN  INDIANA  COUNTY. 

The  country  to  be  described  in  this  chapter  is  traversed  by  the  waters  of  Black  Lick  Creek  and  Crooked 
Creek,  and  is  wild  and  unsettled  toward  the  N.E.  It  is  overspread  almost  everywhere  by  the  rocks  of  the 
Barren  Measm-es,  the  Fossiliferous  Limestone  of  which  makes  its  appearance  about  half  a  mUe  N.E.  of  Indiana 
Town,  on  the  road  to  M'Kee's  Mill.  It  is  thinner  than  usual,  and  covered  by  red  and  variegated  shales  :  it 
yields  no  good  lime. 

One  of  the  coal-beds  of  the  Freeport  series,  called  Stuchel's  Coal,  has  been  opened  upon  M°Kee's  Run,  4 
miles  from  the  town,  half  a  mile  above  the  grist-mUl,  and  1 0  feet  above  the  level  of  the  creek.    It  is  thus  : — 

Coal,  22  inches;  Greyish-black  crumbly  Shale,  8  to  10  inches;  Coal,  4^  feet ;  Clay  and  Shale.    The  roof  is  grey 
micaceous  sandstone  ;  dip  N.  30°  W.  ;  it  contains  much  sulphate  of  iron, 

A  bed,  corresponding  in  position  and  character  to  Stuchel's,  is  opened  on  Hiram  Thomas's  land,  3  miles  E. 
of  Kellysburg,  and  measures  between  5  and  6  feet  in  thickness.  This  same  bed  probably  makes  it  appearance  on 
Rayne's  Run,  a  tributary  of  Crooked  Creek  ;  on  the  opposite  bank  its  fragments  of  blue  Freeport  Limestone,  at 
a  higher  elevation  than  that  of  the  coal,  dip  rather  steeply  towards  the  W. 

A  bed  similarly  divided  by  a  band  of  slate  is  found  near  the  water-level  on  Crooked  Creek,  N.E.  of  Cham- 
bersburg.  At  this  point  a  band  of  limestone  lies  10  feet  beneath  the  coal,  but  the  beds  have  not  been  fully 
developed.  In  the  vicinity  of  Marion,  on  the  head- waters  of  Pine  Run,  a  bed  5  feet  thick  is  opened  at  several 
points.  S.  of  this,  on  Buck  Run,  a  branch  of  Two-Lick  Creek,  Messrs  Chapman  and  O'Neal  have  opened  a 
bed  for  their  own  use.  The  dip  is  W.  into  the  Third  Basin.  In  Green  Township  a  bed  4  feet  thick  is  opened 
by  Mr  Black  on  Dixon's  Run,  1  ^  miles  S.E.  of  which  a  bed  of  the  same  thickness,  known  as  Shedrich's,  is 
underlaid  by  limestone.  The  latter  is  no  doubt  the  Freeport  Limestone  overlaid  by  the  Upper  Freeport  Coal. 
Descending  Two-Lick  Creek  to  a  point  2^  miles  above  Young's  Mills,  we  see  a  coal-bed  3  feet  8  inches  thick, 
23  feet  above  the  creek.  Below,  and  opposite,  but  at  least  130  feet  above  the  creek,  is  AUen's  Coal-bed,  about 
3  feet  thick. 

Another  bed,  the  roof  of  which  is  slate,  with  iron  ore,  is  also  about  3  feet  thick  ;  it  is  only  50  feet  above  the 
creek,  at  the  sawmill.  Upon  the  high  land  W.  of  these  is  seen  a  fossiliferous  limestone  stratum,  3  feet  thick, 
over  which  from  10  to  15  feet  is  a  black  bituminous  slate,  with  impressions  of  a  Modiola  ;  while  to  the  N.E., 
at  a  level  perhaps  a  little  lower  than  the  limestone,  is  seen  a  small  coal-bed  (see  Fig.  451).  The  Modiola 
Limestone  is  seen  3  feet  thick  farther  down,  and  half  a  mile  to  the  right  of  the  creek ;  and  above  it  12  or  15 
feet  there  is  a  coal-bed  said  to  be  2|-  feet  thick.  The  Freeport  Limestone  appears  10  or  15  feet  above  Two-Lick 
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Creek,  at  a  point  one  mile  above  Young's  Mills  ;  at  an  equal  distance  above  it  is  the  Upper  Freeport  Coal-bed, 
but  thin.  A  coal-seam,  perhaps  the  Lower  Freeport  Coal,  shows  itself,  3|  feet  thick  (and 
said  to  have  yet  a  lower  member  underneath,  a  stratum  of  slate),  just  above  Young's  Mills, 
10  or  12  feet  above  the  water  :  it  enters  the  water  1|  miles  below ;  and  half  a  mUe  still 
lower  down,  a  limestone  is  said  to  occur  over  it. 

Two  miles  below  the  forks  of  Two-Lick  and  Yellow  creeks,  in  the  bed  of  a  little  run  to 
the  left  of  the  road,  is  a  blue  non-fossiliferous  limestone  ;  blue  and  black  slates  lie  above  it, 
and  a  thin  9-inch  coal-bed.  Sixty  feet  above  these  Barren  Measure  strata,  a  large  Coal-bed 
is  said  to  have  been  opened.  Within  a  mile  of  Black  Lick  Creek,  and  to  the  N.E.  of  Two- 
Lick  Creek,  a  7-feet  coal-bed,  parted  by  bands  of  slate,  has  been  opened.  This  is  probably 
the  Pittsburg  Coal-bed.  This  Pittsburg  Coal  is  seen  on  the  W.  side  of  the  Two-Lick  ;  half 
a  mile  N.  of  the  Black-Lick  Creek  it  is  7  feet  thick.  From  60  to  65  feet  below  the  coal  a 
highly  fossiliferous  limestone  is  seen  outcropping  E.,  the  fossils  being  identical  with  those 
0     of  the  Freeport  Limestone. 

„  The  green  fossiliferous  limestone  strata  are  seen  a  little  above  the  Forks,  3-5  or  -iO 

feet  above  the  level  of  the  stream,  reading  thus  : — 
Fig.  451.— Two-Lick 

A  r(/ ill aceous  Limesto7ie,  studied  with  bivalves  imperfectly  preserved,  6  inches.  Compact 
Limestone,  with  fewer  fossils,  4  inches.  Green,  red,  &c.,  Shales,  in  coloured  bands,  10  to  12  inches  thick.  Green  fossili- 
ferous Limestone,  10  inches.    Greenish  Sandstone,  5  inches.    Red  Shale,  2  feet  ;  Dark-blue  Slate. 

These  strata  are  again  seen  20  feet  above  the  water  in  the  following  section,  made  in  a  little  hollow  2^  nules 
from  Campbell's  Mill : — 

Unknown  to  the  top  of  the  hill,  40  feet.  Sandstone,  40  feet;  Unknown,  20  feet;  Sandstone,  17  feet.  Red 
argillaceous  Stratum;  Sandstone,  4  feet;  Slate  and  Shale,  10  to  15  feet;  Unknown,  25  to  30  feet.  Red  argillaceous 
Shale,  containing  small  bivalves,  red  argillaceous  stratum,  bluish  in  spots,  8  feet.  Light  gi-een  fossiliferous  Lime- 
stone, 10  inches  ;  20  feet  to  the  Creek-bed  not  exposed. 

Nearly  opposite  this  section  some  nodular  hematitic  ore,  in  very  red  shale,  may  be  observed.  The 
Pittsburg  Coal  -  bed  occurs  at  an  elevation  of  150  (?)  feet.  Half  a  mile  E.  of  Gibson's  Run,  fragments 
of  the  non-fossiliferous  limestone  3  feet  thick  outcrop,  60  feet  beneath  the  Pittsburg  Coal,  and  are  visible  at 
an  elevation  of  105  feet  above  the  creek.  Heavy  slaty  sandstone  lies  above  ;  50  feet  below  it  are  the  variegated 
shales. 

The*  Pittsburg  Coal  is  seen  on  the  W.  side  of  the  Indiana  Road,  and  also  a  mile  from  Campbell's  Mill, 
but  no  farther  N.    Near  the  mouth  of  the  Black-Lick  Creek  the  following  section  was  obtained  : — 

Olive  Slate,  20  feet.  Blue  Slate.  Unknown,  15  feet.  Calcareous  Clay,  2i  feet.  Red  and  Green  Shales,  6  feet. 
Green  Shale,  10  feet.  Unknown,  25  feet.  Green  fosssiliferous  Sandstone,  10  inches.  Unknown,  10  feet.  Red  Shale, 
3  feet ;  to  the  level  of  the  creek,  54  feet.  A  slide  has  covered  the  hUl-side  only  20  feet  above  the  water  with  fi^g- 
ments  of  the  green  fossiliferous  limestone  stratum. 

Just  at  the  forks  of  Two-Lick  and  Black-Lick  creeks  a  coal  is  cut  by  the  railroad ;  it  is  about  4  feet 
thick,  and  is  underlaid  by  a  thin  band  of  limestone.  The  railroad  also  cuts  a  small  seam  1  foot  or  1|  feet  thick 
S.  of  Smith's  Station.    On  the  hills  in  the  neighbourhood  the  Pittsburg  Bed  is  wrought. 

Descending  Crooked  Creek,  on  the  main  Indiana  Road,  1 1  miles  below  the  crossing,  is  ]\PCallam's  Coal- 
bank,  on  the  Upper  Freeport  Coal-bed,  22  inches  thick.  Below  it  is  the  limestone  in  the  bed  of  the  creek  ; 
this  is  again  seen  2|  miles  down  the  stream,  below  which  it  is  abimdant  at  water-level.  Fom-  hundred  yards 
down  the  creek,  and  near  the  water,  a  coal-bed  3 -J-  feet  thick  is  opened. 

Below  this  point  the  Barren  Measures  compose  all  the  land  above  water-level,  keeping  the  coal-beds  under 
and  out  of  sight,  to  be  mined  hereafter  only  by  shafts.  The  variegated  shales  approach  water-level  At 
Shelocta  Settlement,  1  mile  from  the  county-line,  the  contrary  (Easterly)  dips  commence,  and  bring  up  the  coal- 
beds.    There  appears  first,  not  ftir  below  Shelocta,  the  thin  black  fossiliferous  stratum  before  spoken  of,  and 
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12  feet  above  it  a  highly-fossiliferous  dark-blue  limestone  (37  feet  above  the  water),  covered  by  bluish-black 
crumblLag  shales. 

The  Upper  Freeport  Coal-bed  comes  out  a  mile  farther  down  ;  it  is  nearly  3  feet  thick  where  it  is  opened 
from  12  to  15  feet  above  the  stream  —  roof,  brown  shale,  9  feet.     The  same  bed 
appears  a  quarter  of  a  mile  W.  of  S. ;  it  is  5  feet  above  the  creek,  for  there  is  here  a  S. 
dip,  and  it  is  31  feet  thick ;  roof,  slate,  several  feet,  then  the  bedded  sandstone,  25 
feet  exposed. — (See  Fig.  452.) 

The  Freeport  Limestone  is  seen  with  its  usually  minute  shells  in  the  water  a  few  ' 
hundred  yards  lower  down,  near  the  confluence  of  Plimi  Creek.   It  may  be  9  feet  below 
the  Upper  Freeport  Coal. 

On  Plum  Creek,  half  a  mile  above  its  mouth,  near  the  turnpike,  the  Ferriferous 
Limestone  is  about  27  feet  above  the  stream,  thus — (See  Fig.  452)  : — 

CoaZ,  4  inches  ;  Shale,  15  inches;  Limestoiie,  li  inches  ;  Shale,  2^  feet ;  Limestone,  ,„, 


.a  11+ 
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Coat 


Fig.  452.— Compiled  along 
Crooked  and  Plum  Creek. 


4|  feet. 

The  run  called  Anderson's  Run  flows  upon  it  as  a  floor  for  2  miles,  descending 
from  the  third  axis  from  the  E.  Here  4  feet  of  it  are  exposed,  and  its  few  fossils  are 
exhibited.  The  Upper  Freeport  Coal  is  probably  from  6  to  10  feet  above  it,  and  is  opened 
on  the  W.  side  of  creek  ;  it  is  3  feet  thick,  and  of  excellent  quality.  Shale  and  thin 
sandstone  underlie  the  coal.  Two  mUes  above  the  Forks,  below  HlU's  Mills,  is  seen  the 
outcrop  of  a  12-inch  coal-bed,  which,  lying  from  70  to  100  feet  above  the  Freeport 
Limestone,  is  both  the  black  fossiliferous,  calcareous,  bituminous  stratum  before  spoken 
of,  and  the  Elk-Lick  Coal-bed.  The  Upper  Freeport  Coal-bed  must  here  be  under 
Plimi  Creek  bottom.  A  Limestone,  full  of  fossUs,  is  visible  on  the  W.  side  of  the  Creek 
Road,  in  a  little  run  3j  miles  above  Hill's  Mill.  Similar  strata  to  those  below  the 
mill  are  found  2  miles  S.W.  of  Georgeville,  on  very  high  land  over  which  the  road 
from  Plum  Creek  passes.  The  North  Branch  of  Plum  Creek  flows  in  the  Fourth 
Basin.    The  Upper  Freeport  Coal  is  seen  8  feet  above  it,  a  mile  above  its  confluence 

with  the  other  branch  :  it  measures  3|  feet :  it  is  from  14  to  16  feet  above  the  water  a  mile  still  higher  up,  but 
no  limestone  is  visible  beneath  it. 

E.  L,  C. 

On  the  W.  side,  a  short  distance  farther  up,  the  coal  is  35  feet  above  the  stream, 
and  3  feet  thick  ;  below  it  is  the  Freeport  Limestone,  1 5  feet  above  the  water :  its 
fragments  strew  the  shore.  Two  miles  higher,  at  Martin's  Mill,  the  coal  is  10  feet 
above  the  water-level,  and  is  3  feet  thick. 

The  country  around  the  head -waters  of  the  two  branches  of  Plum  Creek  is 
singidarly  destitute  of  loose  surface-stones,  because  composed  wholly  of  the  soft  slates 
and  shales  of  the  Middle  and  Upper  Barren  series. 

In  Young  Township,  bordering  the  county-hue  on  the  S.W.,  several  beds  of  coal 
have  been  opened,  and  wrought  to  a  very  moderate  extent  for  neighbourhood  use. 
One  of  these,  exceeding  4  feet  in  tliickness,  is  opened  at  Patterson's,  N.  of  the  township  line.  The  same  bed  is 
found  at  West  Lebanon.  One  and  a  half  miles  S.W.  of  West  Lebanon,  coal  is  opened  by  Mr  M'^Means,  and 
near  the  steam  sawmill,  W.  of  Blackleg's  Creek,  the  Pittsburg  Coal  is  developed  as  a  bed  of  more  than  11 
feet  thickness.  In  the  neighbourhood  of  Jacksonville  a  coal-bed,  3  feet  6  inches  tliick,  resting  within  ]  0  feet 
of  a  bed  of  limestone,  is  opened  at  various  points. 

The  systematic  description  of  the  Conemaugh  country  will  follow  in  a  future  chapter. 


u.  F.  r.  3 
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Fig.  453.— Crooked-Creek 
Bend. 
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FOUKTH  AND  FIFTH  BASINS— KITTANNING  AND  FREEPOET— CROOKED 
CREEK  AND  THE  KISKIMINETAS. 

On  Crooked  Creek,  2|  miles  below  Plum  Creek,  the  Upper  Freeport  Coal  is  seen  12  feet  above  the  creek, 
and  22  inches  thick,  as  exposed  :  it  soon  dips  imder  the  stream.  In  the  bend  of  Crooked  Creek,  the  red  and 
variegated  shales  of  the  Barren  Measures,  vrith  nodules  of  hematitic  ore,  occur  45  feet  above  the  stream,  and 
fragments  of  green  fossiliferous  limestone  30  feet  above  it. 

The  Rttsburg  Coal  occurs  upon  the  upland  surface,  three-quarters  of  a  mile  S.E.  of  this  point  on  Crooked 
Creek. 

The  black  limestone  strata  are  seen  rising  W.  under  the  greenish  strata  a  fourth  of  a  mile  below  the  bend, 
and  20  feet  above  the  creek.  Over  a  dark-greenish  slaty  stratum,  10  inches  thick,  lies  a  nodular  hmestone, 
dark  blue  within,  and  fuU  of  fine  bivalve  molluscs  ;  it  is  5  inches  thick :  this,  again,  is  capped  by  green  shales. 

Half  a  mUe  below  this  the  Upper  Freeport  Coal  rises  to  a  height  of  51  feet  above  the  water-level,  and  is 
opened  3-^^  feet  thick  :  roof,  bituminous  shale,  1^  feet. 

The  Ferr-iferous  Limestone. — This  rock  rises  from  the  creek  at  Heath's  ;  it  is  full  of  small  bivalves  (Tere- 
bratula,  &c.),  is  flinty,  thinly  stratified,  dark  blue,  and  5  feet  thick.  A  quarry  of  a  silicious  sandstone,  greenish-grey, 
and  splitting  into  slabs,  has  been  blasted  in  the  strata  20  feet  above  the  limestone.  The  slabs  are  used  for 
tombstones  in  Middletown.  These  sandstones  are  largely  developed  in  the  bend  of  the  creek  below  the  next 
sawmill.  A  coal-bed,  1|  feet  thick,  is  here  from  20  to  2-5  feet  above  the  water:  the  limestone  is  nowhere 
visible.  A  section  made  in  the  lofty  sides  of  the  valley  at  this  place  reads  as  follows — (see  ante,  Fig.  451)  : — 

Mahoning  massive  Sandstone,  50  feet ;  Uj^per  Freeport  Coal,  irregular,  estimated  to  be  200  feet  above  the  creek, 
3  feet;  Unknown,  15  feet.  Freeport  Limestone,  18  inches  ;  Unknown,  10  feet.  Sandstone  and  Shale,  40  feet ;  Free- 
port  Sandstone,  50  feet.  Coal,  a  few  inches.    Shale,  IG  feet ;  Sandstone,  4  feet ;  Unknown,  41  feet. 

Kittanning  Coal  (possibly  the  Ferriferous  Coal),  1  §  feet,  unknown  down  to  the  creek ;  but  at  the  Salt-works, 
a  mUe  below,  there  follows  : — 

Ferriferous  Limestone,  here  22  feet  above  the  creek,  and  full  of  fossils,  6  feet  thick.  The  depth  of  the  Salt 
Well  is  said  to  be  500  feet.  A  httle  to  the  E.  of  this  appears  to  run  the  highest  or  axis  line  of  the  third  antich- 
nal  flexure.  The  Freeport  Limestone,  bearing  its  characteristic  minute  fossils,  has  fallen  so  far  in  its  level  by  the 
time  it  has  i-eached  Pitt's  Mill,  400  yards  above  the  next  Salt-works,  that  it  is  but  24  feet  above  the  dam :  it  is 
semi-nodular,  and  2  feet  thick.  The  U])per  Freeport  Coal  overlies  it  only  2i  feet,  and  is  itself  3  feet  thick.  It 
is  a  thicker  bed  some  hundred  yards  S.W.,  and  the  coal  outcrop  is  10  feet  above  it.  A  coal-bed  is  seen  at  a 
level  100  feet  higher  in  the  hill-side,  and  is  (upon  the  supposition  of  the  limestone  being  the  Freeport  Limestone) 
assigned  to  the  horizon  of  the  Elk-Lick  Coal.  Beneath  it  is  seen  a  massive  sandstone.  If  the  limestone  at  the 
creek  be  the  Ferriferous  Limestone,  this  bed  becomes  the  Lower  Freeport  Coal,  supported  by  the  Freeport  Sand- 
stone ;  but  the  fossils  of  the  limestone  seem  decisive  against  that  supposition. 

At  the  lower  Salt-works  the  fuel  has  been  obtained  from  a  gangway  driven  in  upon  a  coal-bed  3  feet 
thick,  and  60  feet  above  the  stream. 

The  fourth  anticlinal  crosses  Crooked  Creek,  half-way  between  this  spot  and  its  mouth,  a  mUe  above  the 
bend  through  which  the  race-way  is  cut,  but  it  does  not  bring  the  Clarion  series  to  the  day.  At  the  mouth  of 
the  creek  the  Freeport  Limestone  is  within  50  feet  of  the  Alleghany  River  level. 

At  Kittanning  the  Ferriferous  Limestone  appears  upon  the  opposite  side  of  the  river.  Above  the  bridge  it  is 
about  70  feet  above  the  river,  and  1 2  feet  of  it  ai'e  exposed.  Upon  it  lies  a  stratum  5  or  6  inches  thick,  decom- 
posing into  a  mottled  iron-ore.  The  Kittanning  Coal  is  20  feet  above  the  Hmestone.  At  the  bridge  these  strata 
are  much  nearer  the  water-level.    The  Lower  Freeport  Coal,  1  foot  thick,  is  seen  on  the  Butler  Road,  which 
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ascends  the  liill  from  the  bridge,  52  feet  above  the  Kittanning  Coal.  The  Freeport  Sandstone  here  seems  to  be 
above  instead  of  below  the  coal,  and  some  doubt  therefore  rests  upon  the  identity  of  this  bed 
with  that  coal,  suggesting  that  it  may  be  the  unnamed  bed  seen  beneath  the  sandstone 
higher  up  the  river.  The  true  Lower  Freeport  Coal-bed  seems  to  be  represented  here  by 
the  uppermost  of  two  bituminous  seams,  varying  from  4  feet  to  6  inches  in  thickness  higher 
up  in  the  series.  The  strata  (see  Fig.  454),  compiled  from  around  Kittanning,  indicate 
as  follows,  descending  : — 

Slaty  Sandstone,  35  (1)  feet ;  Eed  and  variegated  Shales,  15  (?)  feet;  Brown  Shales  and  argil- 
laceous sandstone,  with  nodules  of  iron  ore  and  bands  of  arenaceous  limestone,  45  feet.  Lime- 
stone, blue,  black,  sandy,  12  inches.  Coal,  not  always  present,  6  to  9  inches.  Olive  Shales  and 
slaty  sandstones,  25  (?)  feet ;  Blue  Shales,  25  (?)  feet.  Slaty  Sandstone,  60  (?)  feet.  Brown  and 
blue  Shales,  60  (?)  feet.  Slaty  Sandstone,  25  (?)  feet.  Brown  Shales,  25  (?)  feet.  Upper  Freeport 
Cba^,  3  feet.  Blue  compact  Shale,  10  to  15  feet.  Freeport  Limestone,  5  to  6  feet.  Shale  and 
Sandstone,  30  feet.  Lower  Freeport  (?)  Coal,  4  feet,  sometimes  thinned  away.  Brown  and  black 
shales,  25  to  30  feet.  Coal,  6  to  15  inches.  Shales,  25  feet.  Coal,  9  to  18  inches;  Fire-clay, 
6  feet.  Sandstone  (Freeport)  and  shale,  46  feet.  Kittanning  Coal,  2  to  4  feet ;  Fire-clay  and 
shales,  25  feet.    Iron-ore  ;  Ferriferous  Limestone,  12  to  14  feet. 

Descending  the  hill  opposite  Kittanning,  we  have  the  following  section  : — 

Friable  brown  Shale,  20  feet ;  Coarse  grey  Freeport  Sandstone,  layers  contorted  and  broken, 
40  feet.     Soft  brown  and  black  Shales,  containing  an  unnamed  coal-bed  1  foot  thick,  20 
feet.  Coal,  20  inches  ;  Coarse  blue  Clay,  8  feet,  passing  downwards  into  brown  shale,  and  then 
slaty  sandstone,  40  feet.    Kittanning  CoaZ,  3  feet ;  Shale,  25  feet.    Ferriferous  Limestone,  15  feet;  Shale,  20  feet ; 
river. 

In  the  little  ravine  below  the  town,  the  following  imperfect  section  was  partially  levelled  : — 

Green  Shale,  2  feet ;  Light-blue  Shale,  2^  feet.  Upper  Freeport  Coal,  5  feet ;  Unknown,  6  feet.  Freeport  Limestone 
in  fragments ;  Unknown  (Shale,  &c.),  40  feet ;  Brownish-grey  slaty  Sandstone,  8^  feet ;  Blue  and  grey  Shale  (6  to  8  feet 
exposed),  25|  feet ;  Coal,  4  inches  ;  Shale,  brown,  passing  into  sandstone,  5  feet ;  Grey  Slate,  3  feet ;  Unknown  (shale), 
29  feet;  Shale,  5  feet;  Arenaceous  Shale,  3J  feet;  Sandstone,  solid  above,  slaty  below,  14  feet;  Blue  Slate,  3  feet; 
Bed  of  Sandstone,  4  to  6  inches  thick,  immediately  upon  the  Kittanning  Coal,  3  feet  ;  Unknown,  24  feet  to  the  road, 
and  15  feet  more  to  the  river,  at  low  water. 

The  town  of  Kittanning  is  buUt  upon  the  Ferriferous  Limestone,  which  is  of  a  grey  or  blue  colour,  not  con- 
taining many  fossils  ;  it  is  from  14  to  16  feet  thick.  Its  fragments  cover  the  river-banks,  until  it  sinks  under 
water-level  below  the  to-mi.  It  is  seen  on  Reynolds'  farm,  1  mile  N.  of  the  town,  where  the  Kittanning  Coal 
also  appears  20  feet  above  it. 

Near  the  Court-house  the  Ferriferous  Limestone  has  been  quarried  at  the  level  of  the  town,  and  the  buhr- 
stone  ore  stripped  from  it  over  a  considerable  area.  Along  the  face  of  the  hill  behind  the  town  the  Kittan- 
ning Coal-bed  has  been  opened  at  various  points.  At  Mr  Nulton's  opening,  N.  of  the  Court-house,  it  measures  4 
feet  in  thickness,  and  is  divided  by  a  thin  slate  about  a  foot  from  the  top.  Followed  S.,  it  declines  in  thickness 
to  2  feet  or  2  feet  6  inches.  Below  the  rolling-mill,  where  it  has  been  opened  in  a  ravine  near  the  railroad,  it 
proved  to  be  2  feet  10  inches  thick.  From  this  point  it  gradually  sinks  beneath  the  river-level.  Below  the  bed 
of  the  river  the  limestone  was  cut  in  a  well  in  the  ravine. 

The  small  coal-bed  next  over  the  Kittanning  Seam,  and  the  strata  immediately  adjacent,  are  well  exposed 
by  a  cutting  on  the  Alleghany  Valley  Kailroad,  one-third  of  a  mile  below  the  rolling-mill.  The  coal  presents 
variable  dimensions,  fluctuating  between  9  and  18  inches,  and  is  divided  in  the  middle  by  a  thin  band  of  slate. 
It  is  immediately  underlaid  by  a  band  of  impure,  somewhat  indurated,  fire-clay,  varying  in  thickness  from  2  to  10 
feet.  Through  this  are  disseminated  nodules  of  rough  iron-ore.  Beneath  the  fire-clay  is  an  irregularly-stratified 
mass  of  highly  argillaceous  micaceous  sandstone.  The  natural  colour  of  the  rock  is  blue,  though  when  weathered 
it  assumes  variegated  tints,  chiefly  light  olive-green  and  reddish-brown.  It  contains  vaguely-marked  vegetable 
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forms.  Over  the  coal  reijose  dark-blue  shales,  weathermg  rusty  brown.  These  shales  are  25  feet  thick,  and  in 
sonae  places  curiously  distorted.  They  become  more  compact  and  sUicious  towards  the  top,  and  a  thin  layer  of 
bituminous  shale  and  coaly  matter  may  be  seen  interstratified  with  the  mass — dip  S.W.  2°  to  3°. 

The  two  small  coals  above  mentioned  are  exposed  in  a  ravine  below  Squire  Buffington's  mines,  on  the  hiU 
above  the  rolling-mill.  Here  they  are  15  inches  thick  each.  The  Kittanning  roUing-mUl  is  supplied  with  coal 
by  Squire  BufSngton,  from  a  seam  lying  about  30  feet  higher  than  the  uppermost  of  the  smaU  coals.  The  bed, 
when  regular,  measures  4  feet  in  thickness,  but  in  the  mines  it  sometimes  thins  away  to  a  mere  streak.  Over  it 
30  feet  the  Freeport  Limestone  has  been  proved  nearly  6  feet  thick  ;  and  10  or  15  feet  above 
this,  the  Upper  Freeport  Bed,  measuring  3  feet,  contains  2  feet  9  inches  of  available  coal 
The  coal  from  all  of  these  beds  contains  more  or  less  sidphur.  It  is  not  easy  to  say  with 
certainty  which  of  the  three  coal-seams,  between  the  upper  limestone  and  the  Kittanning 
Coal,  represents  the  Lower  Freeport  Bed  ;  nor  is  it  here  a  matter  of  much  practical  importance. 
The  strata  rise  North-westwards.  At  the  Alleghany  Fm-nace  the  Kittanning  Coal-bed  is  200 
feet  above  water-level ;  whereas  at  the  salt-works,  2  miles  below  it,  it  is  but  60  feet  above 
the  stream.  A  slight  undulation  is  suspected  to  pass  from  Scrubgrass  Creek  through  the 
neighbourhood  of  the  Alleghany  Furnace,  causing  local  N.W.  dips  ;  also  on  the  North  Branch 
of  Pine  Creek.  The  section  made  at  this  furnace,  and  expressed  in  Fig.  455,  is  as 
follows : — 

Top  of  the  hill,  Shales,  70  feet.  Coal,  3  feet.  Unknown,  probably  Shales,  42  feet.  Elk-Lick 
Coal,  pure  "  coke- vein,"  4  feet.  Unknown,  42  feet.  Upper  Freeport  Coal,  2i  feet.  Freeport  Lime- 
stone, nodular ;  Iron  ore,  1  foot ;  Unknown  strata,  containing  oolitic  iron-ore,  80  feet.  Lower 
Freeport  Coal,  3  feet ;  Shale  ;  Limestone  in  nodules  ;  Brown  and  black  Shale,  with  nodular  ore,  5-5 
feet ;  Kittanninf/  Coal,  3  feet ;  Shale,  with  nodular  ore,  27  feet ;  Ferriferous  Limestone,  overlaid  by 
ore,  from  30  to  40  inches  thick,  14  feet  ;  Brown  and  blue  Shale,  with  argillaceous  ore,  40  feet. 
Clarion  Coal,  impure,  3  feet,  is  135  feet  above  the  Alleghany  River.  The  Tionesta  or  the  Sharon 
Coal  is  said  to  have  been  found. 

Tlie  Clarion  Coal  is  in  two  bands,  a  fourth  of  a  mile  above  the  furnace.  The  Ferriferous 
Limestone  is  a  greyish-blue  rock,  with  a  few  Encrinites  and  other  fossils.  Upon  it  rests  from 
5  inches  to  4  feet  of  ii-on  ore,  and  occasionally  6  or  8  inches  of  chert  interposed.  The  buhi'stone  or  chert  occurs 
in  patches  8  or  10  yards  square,  and  is  of  a  yeUowish-white  colour  and  flinty  substance.  The  lowest  of  the 
limestone  layer,  from  4  to  10  inches  thick,  is  often  so  much  of  a  carbonate  of  iron  as  to  be  usefid  as  an  iron  ore. 
Six  or  more  layers  of  nodular  iron-ore  run  through  the  mass  of  shale  below  the  limestone,  and  have  been  used 
at  the  fm-nace.  The  Tionesta  Sandstone,  and  part  at  least  of  the  Serai  Conglomerate  sandstone,  are  here  above 
the  water-level 

One  mUe  N.  of  the  furnace  ranges  the  outcrop  of  the  Upper  Freeport  Coal.  This  bed  doubtless  exists  in 
the  high  land  at  the  forks  of  the  Franklin  and  Waterson's  Ferry  roads.  Its  main  outcrop  is  seen  on  the  Butler 
Turnpike,  one  and  three-fourths  of  a  mile  from  Kittanning,  on  very  high  land,  whence  it  stretches  in  an  undulat- 
ing line  S.  to  Buffiilo  Creek,  crossing  the  Worthington  and  Freeport  Koad  almost  Z\  miles  from  Worthington. 
The  dip  towards  Kittanning  is  from  3  to  5  degrees.  Beyond  the  fifth  axis,  upon  N.W.  dips,  the  Elk-Lick  Coal 
appears  again,  12  miles  N.W.  of  Nichols  Furnace,  and  at  Sugar  Creek  Fm-nace,  as  abeady  described.  Two  or 
three  miles  below  Kittanning,  on  the  E.  side  of  the  river,  the  Freeport  Limestone  is  seen  coming  down  to  a  much 
lower  level.  It  is  here  about  10  feet  thick.  It  is  of  a  light-blue  or  dove  colour,  fine-grained,  and  homogeneous. 
On  the  opposite  side  of  the  river  it  is  better  exposed  in  a  ravine  three-fourths  of  a  uule  below  the  to-wn,  haxlng 
beneath  it  a  layer  of  iron  ore  varying  in  thickness  from  6  inches  to  1  foot,  and  similar  to  that  seen  imder  the  same 
bed  at  Alleghany  Furnace.    A  little  farther  down  we  have  the  following  section  : — 


Fig.  455.— Alleghany 
Furnace. 


Shale ;  Upper  Freeport  Coal  ;  Shale,  10  feet.  Freeport  Limestone,  6  feet ;  Shale  and  yellow  Sandstone,  with 
vegetable  remains,  40  to  50  feet ;  Blue  Shale  in  the  river,  18  feet. 
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The  Lower  Freeport  Coal  was  not  seen,  and  probably  does  not  belong  to  the  above  section.  Half  a  mile 
lower  down,  the  Upper  Freeport  Coal  has  been  opened  at  about  70  feet  above  the  river.  This  locality  is  1 J  miles 
above  the  mouth  of  Glade  Eun. 

Back  of  the  miU  on  Glade  Eun,  on  the  Butler  and  Kittanning  Turnpike,  and  a  few  feet  above  the  level  of 
the  stream,  is  seen  the  Lower  Freeport  Coal-bed,  from  3  to  3|  feet  thick ;  roOf,  shale  ;  floor,  massive  (Freeport?) 
sandstone. 

The  Lower  Freeport  Coal,  which  outcrops  on  the  high  land  S.  of  Eed  Bank  Creek,  upon  the  Olean 
Eoad,  is  not  seen  in  the  hills  on  each  side  of  the  mouth  of  Mahoning  Creek,  these  not  being  high  enough  for  it ; 
but  it  appears  again  1  h  miles  distant  down  the  Alleghany  Eiver,  in  the  highest  hill-tops,  and  outcrops  on  the 
road  to  Waterson's  Ferry,  5^  or  6  miles  from  Kittanning,  and  again  2  miles  N.  of  Worthington.  It  arches  over 
the  fifth  axis,  often  lying  upon  this  in  patches  immediately  after  passing  Bufialo  Creek ;  whereas  the  Upper 
Freeport  Coal  continues  to  outcrop  on  each  side  of  the  axis  for  6  miles  farther  S.W.  It  may  be  seen  18  inches 
thick,  on  the  hill-side  over  the  "Worthington  Turnpike,  upon  the  Western  bank  of  Bufialo  Creek.  Here  huge 
blocks  of  Freeport  Sandstone  beneath  the  coal-bed  cover  the  slopes.  Below  the  latter 
the  Kittanning  Coal-bed  has  been  mined  for  the  Buffalo  furnace-engine,  and  yields  3| 
feet  of  pure  non-pyritous  coal ;  roof  and  floor,  ferriferous  shales. 

The  Ferriferous  Limestone  is  here  ]  5  feet  thick,  blue  and  solid  ;  above  it  is  the  ore- 
bed  of  the  fiu-nace,  accompanied  by  very  little  buhrstone.  The  Tionesta  Sandstone 
appears  in  the  bed  of  the  stream,  with  ferriferous  shales  above,  and  the  Clarion  Coal,  here 
workable. 

Three  and  a  half  miles  S.E.  of  Bufi'alo  Furnace,  the  Ferriferous  Limestone  and  adja- 
cent coals  are  brought  up  by  the  fifth  axis,  where  it  crosses  Eough  Eun,  half  a  mile  above  ||m 
Haylett's  mill,  or  1|  miles  above  its  mouth.    Here  the  hills  rise  more  than  200  feet 
from  the  water-level,  and  show  the  following  section  at  their  base  : — 

Shale  ;  Ferriferous  Limestone,  17  feet ;  Shale,  20  feet ;  Clarion  Coal,  4ifeet ;  Shale,  &c., 
35  feet  to  water-level. 

The  Kittanning  Coal  is  opened  higher  up  on  Long's  Eun,  three-quarters  of  a  mile 
N.E.  of  Haylett's  mill.    The  dip  is  5°  a  Uttle  S.  of  E. 

Three  or  four  miles  S.  of  Worthington,  a  small  run  oives  the  followino-  series  : — 
Slaty  Sandstone,  10  feet  exposed  in  layers,  30  inches  thick  ;  Soft  black  Shale  (Upper  Freeport  ?) ;  Coal,  3  feet. 

The  establishment  of  Winfield  Furnace  has  caused  a  tolerably  full  development  of  the  strata  upon  the  waters 
of  Long  and  Eough  Eun.  Besides  the  Clarion  and  Kittanning  coal-beds,  with  the  intervening  strata  embraced 
in  oui'  section,  the  Upper  Freeport  Coal,  3  feet  thick,  underlaid  by  its  limestone,  has 
been  opened.  From  the  associated  fire-clay  beneath  this  bed  is  derived  the  brown 
calcareous  ore  extensively  used  at  Winfield  Furnace  for  the  smelting  of  iron.  It  is 
sometimes  developed  to  a  thickness  of  4  feet,  though  its  available  thickness  is  not  so 
great.  We  here  find  conditions  closely  analogous  to  those  previously  described  at  Brady's 
Bend.  •  ^- 

Mrjhmi- 

At  Freeport,  one  mile  below  the  mouth  of  the  Kiskiminetas,  the  following  sec-  SI""* 
tion  was  obtained  (see  Fig.  457),  and  illustrates  what  will  hereafter  be  said  of  the  line 

U' t'-  C 

of  the  Alleghany  Eiver  to  Pittsburg  : — 


Fig.  456.-Shady  Run. 


3  1. 

3  ft- 


Green  and  grey  micaceous  Slate  and  Sandstone,  somewhat  calcareous,  3G.1  feet;  Blue 
Slate  at  top,  brown  Slate  at  bottom  ;  Micaceous  Sandstone  ;  also  dark-blue  Calc  Slates,  con- 
taining a  few  stems  of  Encrinites. 

Coal,  8  to  10  inches.    Interval,  10  feet  of  green  Slate,  at  bottom,  33  feet. 

Coal,  18  inches,  with  few  inches  of  rich  slate  above ;  Shale  above,  sandstone  below,  15 
feet ;  Sandstone,  massive  conglomerate  at  bottom,  with  nodular  iron-ore  in  scattered  balls  or 
regular  bands  2  to  4  inches  thick,  23  feet. 


6?  0  La^^»- 


■1  0 
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CoaJ,  4  inches ;  Eoof,  ferruginous  Shale,  Encrinites  numerous,  and  bivalves  ;  floor,  blackish  ferriferous  Shale, 
passing  into  slaty  sandstone,  1 2  feet ;  Shale,  9  feet ;  Sandstone  Slate,  7  feet ;  Blue-black  semi-bituminous  cnimbling 
Slate,  4  feet ;  Green  argillaceous  Slate,  2G  feet ;  Calc  Shale,  6  inches  ;  Green  Slate,  7  feet ;  Slate,  3  feet. 

Limestone,  Non-Fossil iferous,  greyish  blue,  1  foot;  Grey  and  green  Slate,  17  feet ;  Greenish -grey  micaceous  Sand- 
stone, flaggy  structure,  40  feet  ;  Bituminous  Shale,  1  foot ;  Bluish  crumbling  black  Slate,  3  inches. 

Upper  Freeport  Coal,  3.25  feet ;  Fire-clay  and  Shale,  2i  feet ;  Limestone,  brecciated  in  aspect,  greyish-hlue,  3.8 
feet ;  Nodular  Limestone  in  shale,  10  inches ;  Olive  Slates,  6.3  feet ;  Sandstone,  1  foot ;  Brown  and  olive  Shales,  10.3 
feet ;  Slaty  sandstone,  1  foot ;  Brown  Shales,  5  feet ;  Olive  Shale,  ferriferoiis,  4  feet ;  Brown  Shale,  23  feet ;  Blue 
Slate,  12  feet. 

Lower  Freeport  jBitmiinozis  Slude  and  Coal  interlaid,  5^  feet ;  Shale,  2\  feet ;  Bituminous  Shale,  with  carbonised 
stems,  leaves,  &c.,  6  inches;  Coal,  2  feet;  Arenaceous  Slate,  femferous,  and  some  sandstone,  13.5  feet;  Freeport 
Sandstone,  white,  massive,  lower  part  slaty,  26.5  feet. 

Coal,  4  to  10  inches,  divided  by  slate  ;  Blue  Slate,  with  fossil  plants,  2^  feet.  Interval  6  feet,  to  the  river  water-level. 

It  is  probable  that,  if  the  hiUs  had  been  a  few  feet  higher,  the  Fossiliferous  Limestone  at  water-level  at 
Pittsburg  would  have  been  noticed  in  this  section. 

The  lower  part  of  the  above  section  was  taken  opposite  Freeport,  above  the  ferry ;  the  upper  part  a  little 
higher  up  the  river,  near  the  old  salt-works. 

On  Buffalo  Creek,  back  of  Freeport,  two  smaU  coal-beds,  not  included  in  the  section,  have  been  ascertained 
to  exist.  The  first  of  these,  2  feet  thick,  is  26  feet  below  the  main  upper  coal ;  the  second,  10  inches  in  thick- 
ness, is  found  25  feet  lower.  Below  this,  about  20  feet,  the  bitmninous-shale  stratimi  of  the  section  is  now 
wrought  for  the  extraction  of  oil.  Of  this  material,  which  may  properly  be  termed  slaty  cannel-coal,  there  is 
between  5  and  6  feet  in  two  benches ;  the  lower,  sometimes  subdivided,  4?  feet  7  inches,  the  upper  1  or  2  feet  in 
thickness.  Immediately  beneath  this  reposes  a  bed  of  dirty  bituminous  coal  not  exceeding  li  feet  thick. 
Both  this  slaty  eannel  stratum  and  the  measures  beneath  are  of  exceedingly  variable  dimensions.  The  under- 
lying sandstone,  at  one  place  15  feet  thick,  at  others  exceeds  30;  whUe  in  some  wells  simk  by  Messrs  Berg 
and  Gillespie  in  pursuit  of  the  eannel  bed,  they  discovered  in  lieu  thereof  only  ordinary  black  shale  filled  with 
vegetable  impressions. 

On  the  lands  of  Messrs  Stuart  and  Dodd,  upon  the  E.  side  of  the  river  below  the  mouth  of  the  Kiskiminetas, 
the  slaty  cannel-coal  is  separated  from  the  bright  bituminous  bed  by  from  6  to  8  feet  of  slate.  The  eannel  stratum 
averages  5  feet  in  thickness.  The  Freeport  Sandstone  beneath  forms  massive  ledges  along  the  railroad.  On  the  R 
side  of  the  river  the  coals  are  at  a  higher  level  than  on  Buffalo  Creek,  owing  to  a  local  rise  in  the  strata,  but  there 
can  be  no  difficulty  in  identification. 

A  proximate  analysis  of  Dodd's  cannel-coal,  by  Dr  Alter  of  Freeport,  developed  34)  per  cent  of  volatUe  mat- 
ter. From  22  lb.  of  the  coal  he  obtained  33  ounces  of  crude  oil,  a  gallon  of  which  yielded  one  ounce  of  parafiine, 
besides  coal-tar,  and  the  lighter  oils,  benzole,  &c. 

071  the  Kiskiminetas,  miles  above  its  mouth,  are  fine  exposiu'es  of  the  Freeport  /Sandstone,  dipping 
both  W.  and  N.  (falsely  bedded,  perhaps  ?) 

Two  and  a  half  miles  above  its  mouth,  the  Upper  Freeport  Coal  is  about  1 08  feet  above  the  canal,  due  E., 
and  25  feet  higher  than  at  Freeport. 

At  Ottuman's  and  Lochran's  salt-works  the  Freeport  Sandstone  has  passed  the  fom-th  axis,  and  descended 
below  water-level,  dipping  S.E.  This  is  4  mUes  above  the  mouth  of  the  stream.  At  the  last-mentioned  works 
the  Upper  Freeport  Coal  is  C9  feet  above  the  canal,  all  the  strata  below  it  being  shales.  At  the  canal-level 
are  (Lower  Freeport  ?)  black  slates,  from  4  to  5  feet  thick.  This  mass  of  shales  dips  up  river  rapidly,  and  at  the 
same  time  changes  into  sandstone  beds  still  interstratified  with  shales. 

At  Leechburg,  5j  miles  above  the  mouth  of  the  Easkiminetas,  above  which  is  a  gentle  undulation  of  the 
strata,  the  following  section  of  the  rocks  (see  Fig.  458)  was  obtained  at  the  quarries  : — 

Sandstone  and  Shale,  14  feet;  Shale,  16  feet.  Upper  Freeport  Coal,  4i  feet,  63  feet  above  slack- water ; 
Blue-black  Shale,  1 4  inches ;  Light  Shale,  6  inches ;  Coal,  4  inches ;  Light  Shale,  1 4  inches ;  Iron  Ore,  3  inches. 
Freeport  Limestone,  1  foot ;  Calc  Slate,  shale,  3  feet ;  Shale  and  large  chunks  of  Limestone,  4^  feet ;  Limestone, 
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32  inches ;  Shale,  with  calcareous  nodiiles  and  flags,  5  feet ;  Calcareous  Shales,  6  feet  8  inches 
&c.,  3  feet ;  Sandstone,  1  foot ;  Shales,  a  little  bituminous,  1  foot ;  Blue  Ferriferous  Shale, 
7  feet ;  Shale  and  Sandstone,  6  feet.    Massive  Freqwrt  Sandstone,  42  feet.    Lower  Frecport 
Coal,  interstratified  with  Slate,  4  feet. 

The  Freeport  Sandstone,  near  the  water's  edge,  is  a  fine  quartzose  conglomerate, 
containing  vegetable  impressions  and  pebbles  of  nodular  carbonate  of  iron,  of  all  sizes,  and 
so  numerous  in  places  as  to  compose  the  whole  mass  of  the  rock  for  a  thickness  of  6,  8, 
or  even  10  inches.  A  slip  appears  to  combine  with  the  original  oblique  bedding  of  the 
sandstone,  to  express  to  the  eye  of  the  spectator  an  unconformity  of  stratification  at  the 

11  Fig.  458.— Leechbiirg. 

upper  limit  of  the  sandstone  ;  and  upon  its  apparently  upheaved  edges  rest  the  calcareous 

slates  and  coal  above,  as  in  the  annexed  woodcut  (Fig.  459).  Something  similar  may  be  observed  elsewhere 
along  the  Kiskirainetas,  as  at  a  point  7  miles  below  Saltzburg. 

At  the  salt-works,  half  a  mile  from  Leechburg  toward  Warren,  the 
Upper  Freeport  Coal  is  62|  feet  above  slack-water,  or  63|^  feet  above  the 
level  at  Freeport.  It  is  3^  feet  thick,  covered  by  16  feet  of  shale.  It 
sinks  to  an  altitude  of  50  feet  for  the  next  2  miles  up  the  river,  and  is  there 
3  feet  3  inches  thick,  covered  by  2  feet  of  black  slate,  and  this  by  8  feet  of 
sandstone. 

A  fourth  of  a  mile  below  this  point  the  following  section  exhibits  the  coal  at  a  much  lower  elevation  : — 
Shale,  6  feet;  VjV^  Freeport  Coal,  3  feet  3  inches;  Shale,  22  inches;  Coal,  7  inches;  Shale,  3  feet.  Freeport 
Limestone,  blue,  2  feet ;  Soft  Sandstone,  1  foot ;  Shale,  17  feet  to  bed  of  Pine  Run,  not  much  above  slack-water. 
This  appears  to  be  about  on  the  middle  line  of  the  Fourth  Basin.    In  the  middle  of  the  basin  both  coal 
and  limestone  seem  thin  and  irregular.    Approaching  Warren  within  3i  miles,  the  Lower 
Freeport  Coal  (?)  is  seen,  measui-ing  2  feet  10  inches,  good,  with  a  lower  slaty  member  8  inches 
thick ;  roof,  black  slate,  2^  feet  thick.    Within  3  feet  of  its  floor  is  the  top  of  a  solid  sand- 
stone stratum,  20  feet  in,  thickness,  extending  down  to  water-level    Two  miles  and  three- 
fourths  below  Warren,  the  following  section  (Fig.  460)  was  obtained : — 

Shale,  &c.  ;  Shale,  14  feet ;  Black  Slate,  2  feet;  Upper  Freeport  Coal,  2  feet  10  inches  (61  feet 
above  Lower  Freeport  Coal);  Shale,  ikc,  no  exposures,  14  feet ;  Olive  Ferriferous  Shale  and  Sand- 
stone, 20  to  25  feet ;  Sandstone,  18  feet ;  Coal,  \}y  inches ;  Shale,  a  few  inches  ;  Sandstone,  5  feet. 
Lower  Freeport  Coal,  bituminous  slate,  2  feet,  10  feet  above  slack-water. 

It  is  divided  at  a  short  distance  from  this  point  into  two  members  by  1  j  feet  of  shale. 
The  coal  is  highly  pyritous,  and  a  little  farther  on,  up  the  river,  appears  thus  : — 

Coal  in  thin  flakes,  1^  inches ;  Grey  Shale,  \\  inches;  Pyritous  Coal,  26  inches  ;  Shale,  4  feet. 
Below  Warren  the  following  section  (Fig.  461)  was  levelled  : — 

Gncn  h 

Greenish  and  brown  Sandstone  and  slate,  hill-tops,  21  feet;  Olive  Slate,  18  feet;  Inter- 
val, 67  feet;  Terrace  interval,  45  feet;  Green  Sandstone,  \\  feet;  Olive-green  Slates,  36  feet. 
Limestone  Fragments,  greyish-blue  non-fossihferous,  from  12  to  18  inches  in  diameter;  Olive  fi'<«^«^-^ 
Slates,  30  feet ;  Blue  Slate,  sometimes  containing  bivalve  and  flat  spiral  shells,  resembling  those 
of  the  "  black  limestone  strata,"  35  feet  below  ;  Yellow  slaty  Sandstone,  6  feet ;  Bright  yellow 
Shale,  S\  feet ;  Green  Shale,  4  feet.  Green  Fossiliferous  Argillaceous  Limestone,  1 9  inches ;  Clay 
and  Shale,  1 1  feet ;  Light-coloured  Shale,  5  feet ;  Blue  Shale,  1 6  feet ;  Blue  Slate,  6  feet ;  Blue 
fossiliferous  Slate,  2  feet.  Dark-blue  Limestone,  nodular,  4  inches  ;  Compact,  full  of  Encrinites, 
and  univalve  and  bivalve  shells,  4  inches  ;  Blue  feiTiferous  fossil  Slates,  4  feet ;  Brown  Sand- 
stone, vegetable  impressions,  3  feet ;  Shales,  ferriferous  above,  bituminous  below,  almost  coal  for 
6  inches,  7  feet ;  Slate,  17  feet ;  Sandstone,  thin-bedded,  7  feet ;  Massive,  8  feet ;  Slaty,  4  feet ; 
Shale,  greenish,  12  feet ;  Olive,  ll^-  feet.  Uppei-  Freeport  Coal,  2  feet  at  outcrop,  15  inches  when  Fig.  461.— Wan-en. 

driven  in  ;  interval,  1 1  feet.    Freeport  Limestone,  nodular,  1 2  inches  ;  Shale,  1 2  (?)  feet ;  Sand- 
stone, grey,  15^  feet ;  Brown  Shale,  17  feet ;  Black  Slate,  2  feet.  Lower  Freeport  Coal,  4  feet ;  16-^  feet  above  bed  of  river. 


Fig.  4t;0.— Below 
Warren. 
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FOURTH  AND  FIFTH  BASINS. 


Fragmeuts  of  the  so-called  Freeport  Limestone  were  burned  by  Mr  Owen  for  lime,  but  without  success.  The 
dark-blue  limestone  above,  roofed  and  floored  vfith  black  slate,  contains  fossils  easily  obtained,  and  so  charac- 
teristic of  this  part  of  the  Barren  Measures  as  to  be  highly  important  in  defining  the  position  of  the  Freeport 
Coal  and  limestone  beds  below.  The  stratum  is  a  true  geological  landmark  over  a  wide  extent  of  Indiana  and 
Armstrong  counties.  Here  it  occurs  but  feet  above  the  Upper  Freeport  Coal ;  elsewhere  the  distance  is 
increased.  The  interval  above  it  also,  up  to  the  gi-een  limestone  stratum,  is  less  here  than  its  average,  being 
only  40  feet.  The  green  limestone  stratum  is  full  of  fossils,  but  has  no  gxeat  variety  of  species.  Above  this  are 
barren  exposm-es  for  128  feet,  and  151  feet  more  to  the  smface  of  the  upland.  In  this  last  space  some  of  the 
non-fossUiferous  limestones  below  the  Pittsburg  Coal-bed  should  appear. 

Three-fourths  of  a  mile  above  Warren,  the  Freeport  Limestone,  7|  feet  exposed,  is  quarried  on  the  N.  side 
of  the  canal,  57  feet  above  water-level,  pale  in  colour  and  highly  sUicious  :  the  coal  is  not  seen. 

Below  the  Four-mUe  Slackwater  Dam  are  several  coal-openings,  one  of  them  upon  the  Kittanning  Coal- 
bed,  3^  feet  thick.  The  strata  rise  rapidly  W.  Just  below  the  dam,  and  3  miles  above  Warren,  the  following 
section  (see  Fig.  462)  was  obtained,  in  which,  for  the  first  time  in  ascending  the  Kiskiminetas,  the  Kittan- 
ning Coal  appeal's: — 

Hill-top,  more  than  a  hundred  feet  above,  8  feet  of  sandstone  roofing  the  Upper  Freeport  Coal  and  FreepoH  Lime- 
stone. Interval  hence  downwards  roughly  estimated  at  230  feet  to  the  Ferrifei-ous  Limestone,  3i  feet  exposed,  else- 
where 7  feet ;  Brown  Shale,  30  feet ;  Sandstone,  2  feet ;  Greenish  Shale,  12  feet ;  Grey  slaty  Sandstone,  5  feet.  Iron 
Ore,  5  inches  ;  Shale,  silicious,  7  inches.  Iron  Ore,  3  inches ;  Shale,  5  feet.  Iron  Ore,  2  inches ;  Shale,  1  foot ; 
Argillaceous  Sandstone,  10  inches.  Iron  Ore,  nodular,  5  inches  ;  Black  Slate,  3  feet;  Blue  Shale,  7  feet.  Brookville  (?) 
Coal,  12  inches;  Blue  Shale,  4  feet ;  Black  Slate,  18  inches,  exposed  at  water-level. 

The  third  axis  crosses  perhajDS  a  half-mUe  higher  up  the  dam.  The  Fen-iferous 
Limestone  at  Johnson's  Salt-works  is  55  feet  above  slack- water,  7  feet  thick,  and  con- 
tains several  species  of  fossil  shells,  a  Terebratula,  &c. 

Just  below  the  Salt-work  Company's  store,  2  miles  above  the  dam,  was  obtained  the 
following  section  (Fig.  463)  : — 

From  the  top  of  the  hill  downwards,  including  10  feet  of  shale  just  above  the  coal, 
138  feet,  estimated.  ER--Lick  (?)  Coal,  5  feet ;  Interval,  42  feet.  Massive  (Mahoning  ?) 
Sandstone,  20  to  25  feet  (bottom  115.7  feet  above  the  Kittanning  Coal).  {Freeport  Limestone 
not  observed  here,  but  a  short  distance  up  the  river  seen  under  Mahoning  Sandstone,  3  feet  thick.)  Sandstone,  thinly 
stratified,  77^  feet ;  Slate,  &c.,  G  feet  ;  Shale,  29  feet.  Kittanning  Coal,  3  feet  9  inches ; 
Shale  (?)  18  feet ;  Sandstone,  7  feet;  Shale,  8|- feet.  Feti-iferous  Limestone,  (i\  ieet ;  Sand- 
stone, 12  inches  ;  Iron  Ore,  calcareous,  fossiliferous,  hard,  3  inches  ;  Blue  Shale,  10  feet.  Clarion 
Coal,  1  foot;  Blue  Shale,  12  inches;  Light-yellow  Shale,  18  inches;  Coal,  16  inches,  17  feet 
above  water. 

It  is  remarkable  that  the  lower  coal-bed  dips  so  steeply  into  the  hill  that  it  cannot 
be  drained  by  the  gangway,  while  the  upper  coal  is  not  at  all  open  to  that  incon- 
venience.   This  excess  of  dip  characterises  the  lower  strata  in  the  hUL 

The  Ferriferous  Limestone  goes  under  the  river-bed  near  the  Salt  Company's 
Store,  the  Kittanning  Coal  being  at  the  level  of  the  tow-path.    The  outcrop  of  the 
upper  coal  is  observed  rapidly  descending  K  up  the  river.    Below  the  upper  dam  the 
Freeport  Limestone  is  seen,  7  feet  thick ;  and  again,  just  below  the  dam  and  nearly  on  a 
level  with  the  tow-path,  where  it  is  thin  and  nodular ;  the  L^pper  Freeport  Coal  being 
absent  or  easily  overlooked. 
The  middle  line  of  the  third  sub-trough  of  the  Third  Basin  crosses  this  upper  slack-water  (3  miles  long)  at 
about  the  middle  of  its  length,  and  exhibits  a  very  high  series  of  rocks.     The  following  section  (Fig.  464) 
was  made  3A  miles  below  Saltzbm-g  : — 
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Fig.  462.— Three  miles 
above  Warren. 
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Soil,  7  feet ;  Grey  Sandstone,  slightly  micaceous,  36|-  feet.  Coal,  12  inches ;  Blade  Slate,  2  j-  feet ;  Black 
Slate,  8  feet ;  Olive  Shale,  10  feet.  Limestone,  nodular,  4  inches ;  Olive  Slate,  &c.,  under  cover, 
42  feet.  Coal,  12  inches;  Clay,  5  ieet.  Limestone,  14  inches;  Shale,  2  feet.  Limestone,  vachea; 
Clay,  variegated  calcareous  nodules,  5  feet.  Sandstone,  white,  massive,  weathering  cellidar  in  parts, 
33  feet ;  Blue  Slate,  10  feet ;  Grey  Shale,  7  feet.  Pittsburg  Coal  and  Slate — {Coal,  30  inches ;  Black 
Shale,  3  inches;  Coal,  12  inches;  Grey  Shale,  8  inches;  Coal,  3  feet;  Bituminous  Shale,  2  inches; 
Coal,  3  feet)  ;  in  all,  10  feet  2  inches;  Clay,  2  feet;  Sandy  Slate,  15  feet ;  Micaceous  Sandstone,  greenish- 
grey,  4  feet ;  Light-coloured  Shale,  passing  into  an  impure  limestone,  1 5  inches,  floored  with  calcareous 
clay — in  all,  31- feet  interval.  Shales,  7  feet;  Greenish  Shale,  12ifeet.  Limestone,  blue,  non-fossil- 
iferous,  H  feet ;  Nodular  Clay-bed,  2  feet ;  Greenish  sandy  Slate,  4^  feet ;  Nodular  Clay,  2  feet ; 
Green  Slate,  3-J-  feet ;  Sandstone,  1  foot.  Limestone  Nodules  in  top  of  olive  shales,  22i  feet ;  Green 
Slate,  &c.,  calcareous  nodules,  8  feet ;  Grey  Slate,  with  bluff  cleavage,  13  J  feet ;  Grey  and  Purple  Shale, , 
5  feet ;  Sandstone,  12  inches  ;  Greenish  Shale,  5  feet.    Interval  down  to  the  water-level,  153^-  feet. 

Below  this  is  the  green  Fossiliferous  Limestone,  as  seen  on  the  tow-path,  passing  under 
water-level  at  a  point  half  a  mile  below.  A  small  coal-bed  underlies  it  at  this  place.  At  least  30 
feet  must  be  added  to  the  last  inteiTal  of  153i  feet,  to  bring  the  present  section  down  to  the 
green  Fossiliferous  Limestone,  which  will  then  lie  about  350  feet  below  the  Pittsbm-g  Coal-bed. 
This  remarkable  stratum  never  seems  to  change  its  colour,  and  sometimes  is  nothing  more  than 
a  mass  of  univalve  shells  cemented  together  by  a  fine  mud.  At  Pittsburg  it  is  seen  40  feet 
above  the  water,  and  320  feet  below  the  Pittsburg  Coal-bed. 

The  Pittsburg  Coal-bed,  of  this  section,  ranges  Northward  and  Southward  from  the  Kiski- 
minetas  River,  and  towards  Crooked  Creek  is  imderlaid  by  the  same  frosted-looking  limestone 
seen  at  Pittsburg  and  elsewhere.    The  limestone  stratum,  77  feet  below  the  Pittsburg  Coal,  is  a 

_  _  _  .  .  Fig.  464.  Three  and 

widely-persistent  bed,  as  will  hereafter  be  apparent ;  it  is  not  quite  non-fossiliferous,  and  has  a    a  half  miles  below 
brecciated  aspect,  although  it  is  not  fragmentary,  but  concretionary.    It  contains  many  of  the  Kiskiiumetas! 
minute  fossils  characteristic  of  the  Freeport  Limestone. 

Towards  Saltzburg  the  strata  rise  very  slowly,  the  green  Fossiliferous  Limestone  emerging  from  below  the 
first  lock  at  Saltzburg,  where  it  consists  of  four  bands,  each  between  1  and  2  feet  thick,  the  whole  measuring 
about  5  feet ;  and  the  representatives  of  the  black  FossUiferous  Limestone  strata  emerge  in  the  first  exposure 
above  Saltzburg. 
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CHAPTER  XXIII. 

THIRD  BASIN.— FIRST  SUBDIVISION,  ALONG  THE  CONEMAUGH :  LOWER  AND  MIDDLE 

COAL-MEASURES. 

The  first  anticlinal  axis  crosses  the  Conemaugh  a  short  distance  below  the  spot  where  a  small  stream  comes 
in  from  the  S.  below  Blairsville.    It  barely  elevates  the  Freeport  Limestone  to  the  level  of  the  canal. 

There  are  but  two  thin  seams  of  coal  exposed  along  the  Conemaugh  between  Chestnut  Ridge  and  the  first 
sub-axis,  belonging  to  the  measures  below  the  Pittsburg  Seam.  The  lower  is  unimportant,  the  upper  has  been 
opened  in  but  a  few  instances,  as  the  country  is  supplied  with  fuel  from  the  great  Pittsburg  Coal-bed  above. 
The  exposures  along  the  river-banks  from  BlairsviUe  to  Chestnut  Ridge  are  not  good,  and  the  difficulties  attend- 
ing the  measurement  of  the  strata  are  considerable.  From  the  Pittsburg  Seam  down  to  the  60-feet  interval 
actual  measurements  were  made,  but  the  thickness  of  the  rocks  below  was  only  estimated. 

Below  Blairsville,  the  lower  coal-beds  are  displayed :  interrupted  sections  can  there  be  made,  but  all  the 
rocks  exhibit  a  great  tendency  to  variations  of  ty]3e  from  shale  to  sandstone,  and  vice  versa,  Avithin  short 
distances,  presenting  perplexing  difficulties  to  a  general  analysis  of  the  contents  of  the  basin. 
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THIED  COAL -BASIN  AT  THE  CONEMATJGH. 


Commencing  witli  the  lowest  rock  brought  up  by  the  first  sub-axis  below  BlairsvUle,  and  proceeding  down 
the  river  we  have  the  following  section  (Fig.  465)  : — 

Blue  Shale,  5  feet ;  Shales,  3  feet,  with  calcareous  nodules  ;  Irregular  stratum  of  Limestone, 
--10  0    2|  feet ;  Blue  Shale,  3  feet ;  Coal,  from  6  to  8  inches  ;  Dark-blue  soft  Shale,  2  feet ;  Coal,  from 
-MO     12  to  15  inches  ;  Shale,  8  feet ;  Coal,  from  12  to  18  inches  ;  Blackish  Shale  with  thin  coal-seams, 
:.l  °     4  feet.    (This  section  is  made  2  miles  below  Blairsville,  in  a  cut  in  the  canal.)    Over  all  is  a 
"     massive  sandstone  dipping  gently  with  some  undulations. 

In  the  exposure,  which  is  several  hundred  yards  long,  the  rocks  exliibit  striking  changes  of  character :  thus, 
at  one  point  the  shale  under  the  sandstone  is  10  feet  thick,  but  in  a  few  rods  becomes  a  sandstone,  which  rests 
immediately  upon  the  coal.  The  shales  between  the  coal-seams  thicken  and  thin  variously.  At  one  place  where 
this  appearance  presents  itself,  the  coal  seemingly  terminates  in  the  sandstone.  Near  the  place  where  these  dis- 
appear witli  a  W.  dip  beneath  the  water-level,  the  massive  sandstone,  resting  on  the  coal,  changes  wholly  to 
shale  for  a  thickness  of  12  feet :  the  sandstone  then  presents  a  vertical  waU,  40  or  50  feet 
thick,  in  coarse  grey  massive  strata,  with  irregular  Hues  of  deposition  along  the  canaL 

This  section  finds  no  equivalent  in  the  lower  part  of  the  section  made  above  Blairsville ; 
yet  there  is  an  interval  of  30  feet  in  which  it  may  find  a  place.  The  limestone  may  be  the 
Freeport  Limestone,  as  we  find  a  locality  a  short  distance  up  the  Black  Lick  Creek  where  the 
Mahoning  Sandstone  appears,  and  over  it  grey  slate  2  feet,  and  then  slaty  coal  18  inches. 
The  dip  is  Westward. 

There  are  frequent  exposures  of  the  middle  series  between  the  axis  and  Blairsville,  of 
which  the  following  is  a  compiled  section  (see  Fig.  4G6) ;  all  the  thicknesses  were  estimated 
by  the  eye,  and  collated  as  accurately  as  could  be  done. 

It  embraces  nearly  400  feet  of  rocks,  of  which  the  upper  one-third  were  observed 
opposite  Blairsville ;  the  middle  tliird,  300  yards  below  the  town,  near  the  middle  of  the 
trough :  the  interval  omitted  must  therefore  be  small. 

Comparing  this  section  with  that  made  above  Blairsville,  nothing  more  than  a  general 
resemblance  wiU  be  traced  between  them. 

Second  Subdivision. — The  Conemaugh  River  takes  a  very  irregular  course  across  the 
second  synclinal  trough  W.  from  Chestnut  Eidge,  afi"ording  frequent  exposm-es.  These  pre- 
sent themselves  in  the  order  of  tlie  following  section  : — 

Olive  Shales,  80  feet  ;  Black  and  brown  Shales,  20  feet ;  Blue  Shales,  50  feet;  Olive  Shales, 

40  feet  j  Coal-bed,  18  inches,  position  unknown. 
The  summit  of  a  high  knob  three-quarters  of  a  mile  below  the  mouth  of  Black  Lick 
Creek  gives  this  section  : — 

Yellow  Shales,  13  feet;  Red  and  blue  Slates,  with  included  calcareous  nodules,  14  feet;  Yel- 
low Slates,  silicious  and  shaly,  17  feet;  Coarse  grey  Sandstone,  strata  much  fissured,  16  feet; 
Dark  olive  Slates,  12  feet;  Red  Shale,  20  feet;  Yellow  sandy  micaceous  Slates,  30  feet— 35  feet  interval.  Red 
Shale,  10  feet;  Dark  olive  silicious  Slate,  20  feet;  Dark  olive,  bluish,  sometimes  fossiliferous  Slates,  40  feet; 
Brownish-red  and  yellow  Slates,  25  feet;  Coarse  grey  Sandstone,  with  shale  in  irregvdar  masses,  25  feet;  Grey 
micaceous  Sandstone,  200  yards  below  the  former  by  the  course  of  the  river,  20  feet — interval,  no  exposures  for  200 
yards  farther.  Yellow,  olive,  and  brown  Shale  with  red  layers,  30  feet ;  the  Mahoning  Sandstone  ;  finally,  the  small 
coal-seams  described  in  connection  with  the  first  sub-axis. 

Lower  rocks  are  exposed  in  the  neighbourhood  of  Livermore  at  water-level.  Three-quarters  of  a  mile  above 
Liverniore  there  is  a  fine  natiu-al  section  of  the  olive  shales  (40  feet),  and  blue  shales  (50  feet),  the  latter  falling 
into  square  gxavel,  and  thin  scales  and  splinters.  A  seeming  displacement  of  the  strata  appears  oh  two  sides  of  a 
deep  sharp  cut.  A  micaceous  sandstone  caps  the  shales  a  quarter  of  a  mile  below  Livermore,  where  the  rocks 
are  nearly  horizontal ;  and  still  higher  sliales  form  a  high  wall  for  thj-ee-quarters  of  a  mile  lower  down  the  river : 
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these  are  the  80  feet  of  olive  shales  at  the  top  of  the  section,  which  continue  exposed  until  near  the  tunnel,  where 
a  coarse  sandstone  band  is  also  seen.  From  the  W.  end  of  the  tunnel  the  river  courses  along  the  strike  of  the 
rocks,  exposing  no  different  strata  for  the  distance  of  a  mile,  when  it  turns  and  cuts  the  second  sub-axis,  the 
olive  slates  forming  liigh  hills  on  each  side* 

Thus  there  are  estimated  to  be  500  feet  of  strata  in  vertical  thickness  above  the  thin  coal-seams  (or  Upper 
Freeport  Coal,  as  they  no  doubt  are),  with  no  indication  of  the  Pittsburg  Coal-bed,  which  does  not  make  its 
appearance  until  we  pursue  the  central  line  of  this  sub-basin  Southward  for  several  miles  from  the  river,  when 
it  is  found  cropping  out  upon  the  highest  hill-tops.  The  measures  must  therefore  have  received  an  enormous 
expansion  (as  described  in  the  preliminary  general  description),  compared  with  their  condition  in,  and  East- 
ward of,  the  second  axis  or  Chestnut  Ridge.  That  this  expansion  has  taken  place  in  the  lower  members  of  the 
Barren  Measures,  is  apparent  from  the  fact  that  the  great  mass  of  shales  have  no  counterparts  along  the  base  of 
Chestnut  Ridge. 

The  centre  of  the  trough  is  in  the  neighbourhood  of  the  tunnel,  and  there  is  seen  a  little  Westward  from 
the  W.  end  of  the  tunnel,  on  a  little  run,  and  only  elevated  a  few  feet  above  the  level  of 
the  river-bed,  a  band  of  black  and  somewhat  concretionary  limestone  from  4  to  6  inches 
in  thickness,  containing  fossils.  The  fossils,  however,  are  much  more  abundant  in  a 
band  of  black  ferruginous  slate  immediately  below  the  limestone ;  they  are  mostly 
Bellerophons,  with  a  large  species  of  Ammonite,  and  a  few  other  molluscs.  Black 
bituminous  slate  is  seen  still  lower  in  the  bed  of  the  river,  and  15  or  20  feet  of  the 
same  also  overlies  the  limestone :  gi-een  and  mottled  slate  succeeds  above  this  for  35 
or  -to  feet.  These  strata  are  doubtless  the  "  Black  Limestone  layers  "  occurring  at 
about  their  proper  distance  beneath  the  Pittsburg  Coal,  but  having  all  the  vastly- 
expanded  .shales  of  the  lower  Barren  Measures  beneath  them. 

There  is  said  to  have  been  once  discovered  in  the  river-bed,  below  Livermore,  a 
somewhat  thick  stratum  of  coal.  If  such  has  been  the  fact,  the  bed  must  be  regarded 
as  one  of  the  small  seams  traversing  the  Barren  Measures  at  various  altitudes,  and 
locally  expanded  in  its  thickness.  Two  miles  from  the  W.  end  of  the  tunnel,  the 
Saltzburg  Coal-seam  (Upper  Freeport  Coal)  emerges  with  quite  a  steep  Eastern  dip  from 
below  the  water.  At  Farelan's  Salt-works,  400  yards  below  where  it  first  emerges,  it 
is  .3  feet  thick.  At  Mr  Porter's  it  is  GO  feet  above  the  water-level,  and  begins  to  descend  Westward  :  it  dips 
beneath  the  water  again  a  short  distance  below  Mr  Stewart's  salt-well,  where  the  river  and  canal  sweep  round, 
the  high  bluff  a  mile  and  three-fourths  above  Saltzburg ;  the  distance  between  its  ^ 
points  of  appearance  and  disappearance  being  between  3  and  4  miles. 

A  section  of  the  rocks  observed  along  the  Conemaugh  at  and  above  the  point 
where  the  Upper  Freeport  Coal  disappears,  is  annexed  (Fig.  467),  and  is  compared 
with  one  obtained  upon  the  Loyalhanna,  also  near  the  axis,  and  shortly  to  be 
described.    Beginning  from  above  it  presents  : — 

U  F.C.    8  0. 

Fossiliferoiis  gi-een  Sandstone,  5  feet.    (The  debris  of  this  rock  occurs  along  the  bank  ^ 
below,  at  the  outcrop  of  the  coal-seam  below  the  canal-lock  :  it  is  in  place  N.W.  of  the 
lock).    Sandstone,  interstratified  with  compact  shale,  GO  or  70  feet.    Bituminous  Slate,  or      yig.  468.— Loyalhauna. 
slaty  coal,  4  to  6  inches,  and  100  to  150  feet  above  the  canal-level ;  Shale  and  Sandstone, 

15  or  20  feet  ;  Sandstone,  20  to  30  feet  ;  by  another  section,  50  feet.  This  forms  the  high  ledge  of  rocks  above 
Saltzburg.  Brown  and  olive  shale,  35  feet.  Upper  Freeport  Coal,  3  feet  to  3  feet  8  inches  j  Black  Shale,  U  feet  ; 
Yellow  Shale,  4  feet ;  Coal,  4  inches  ;  Yellow  and  blue  Shale,  4  feet.    Freepm-t  Limestone  in  irregular  layers,  and  with 

*  This  second  axis  is  best  located  three-fourths  of  a  mile  below  the  Little  Run,  marked  Elder's  Run  upon  the  State  Map, 
the  name  of  which,  however,  is  now  appropriated  to  another  run  flowing  into  the  Conemaugh  at  Livermore,  and  between 
4  and  5  miles  below  Blairsville. 
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THIRD  COAL -BASIN  AT  THE  CONEMAUGH. 


some  nodules  of  iron  ore,  8  feet— io  another  place,  only  1^  feet ;  Soft  Sbale,  containing  calcareous  nodules,  20  feet ; 
Grey  micaceous  Sandstone,  10  feet  ;  Sandstone  and  yellow  Shale,  15  feet. 

In  these  exposures  we  find,  in  a  distance  of  200  yards,  a  complete  conversion  of  a  stratum  of  shale  into 
massive  sandstone,  again  into  shale,  and  again  into  sandstone,  thinly  stratified  and  of  quite  a  different  colour- 
The  Great  (Malioning)  Sandstone,  above  the  Upper  Freeport  Coal,  forms  a  high  wall  or  cliff  along  the  river, 
below  the  mouth  of  the  Loyalhanna.  Along  that  creek,  and  also  above  its  mouth,  it  forms  the  precipitous  base 
of  the  hills  along  both  sides  of  its  valley,  for  a  number  of  miles,  as  it  winds  its  transverse  com-se  across  the  second 
sub-axis,  through  which  it  cuts  as  deeply  as  the  Conemaugh. 

The  Upper  Freeport  Coal  rises  from  the  creek  one-fourth  of  a  mUe  below  M'Guide's  MiU,  2  miles  up  the 
creek.  It  is  here  3  feet  thick,  and  under  it  are  4  feet  of  black  slate,  supported  by  thin  layers  of  limestone,  and 
full  of  the  most  beautiful  fossil-plants.  It  is  30  feet  above  the  water  400  yards  higher  up  the  creek,  and  45 
feet  above  the  water  at  an  opening  half  a  mile  above  the  mill,  and  3  or  3h  feet  thick.  One  mUe  higher,  it  is 
3  feet  8  inches  thick,  with  bluish  olive  slate  above.  The  Ferriferous  Limestone  is  seen  below,  from  6  to  8  feet 
thick.  A  fourth  of  a  mile  still  farther,  the  coal-bed  sinks  beneath  water-level ;  that  is,  about  4  miles  above  the 
mouth  of  the  creek. 

At  the  bend  of  the  creek,  opposite  Mr  Bovard's  house,  there  appears  a  seam  of  coal,  a  few  inches  thick,  in 
the  blue  shales  under  the  Mahoning  Sandstone.  Below  DonoUey's  Mill  the  Mahoning  Sandstone  is  a  thinly- 
laminated  micaceous  sandstone  of  a  grey  colour,  sometimes  filling  the  bed  of  the  stream  with  its  debris. 

Frequent  exposures  of  the  rocks  of  the  Barren  Mea.sures  are  made  along  the  Loyalhanna,  as  at  New  Alex- 
andria, from  a  portion  of  the  series,  perhaps  2.50  feet  beneath  the  Pittsburg  Seam  downwards,  but  consisting 
merely  of  a  series  of  sandstones  and  shales  of  different  textures  and  colours.  Their  aggregate  thickness  may  be 
250  feet.    A  thin  coal-seam,  perhaps  100  feet  above  the  Mahoning  Sandstone,  was  observed  among  them. 

Half  a  mile  from  Snodgrass's  Mill,  the  Pittsburg  Seam  makes  its  appearance  at  an  elevation  of  150  feet 
above  the  creek.  Between  this  point  and  New  Alexanchia  there  are  frequent  exposm-es  of  the  measures  under  the 
Pittsburg  Coal,  consisting  of  sandstones,  slates,  and  shales,  as  on  the  W.  side  of  the  second  sub-axis.  Starting  from 
a  level,  perhaps  250  feet  below  that  of  the  Pittsburg  Coal,  we  have  a  section  composed  of  the  following  strata  : — 

Black  and  brown  Shale,  and  over  this  micaceeus  sandstone,  15  feet;  Yellowish-blue  Limestone,  2  feet;  Yellow 
Shale,  with  calcareous  nodules,  3  feet  ;  Blue  and  yellow  Sandstone,  in  rough  lumpj'  strata,  mixed  with  shale  ;  fissures 
filled  with  shale,  containing  fossils,  10  feet. 

Grey  Sandstone,  35  feet;  Blue  and  red  Shale,  12  feet ;  Impure  yellowish  Limestone,  weathering  light  yellow,  and 
falling  into  rough  angular  fragments  ;  slaty  layers,  6  feet ;  Blue  and  red  Shale,  8  feet  ;  Interval,  20  feet. 

Grey  rough  Sandstone,  16  feet ;  Yellowish  Slate  and  blue  Shale,  15  feet ;  Dark-blue  Slate,  with  silicious  layers, 
thinly-laminated  and  micaceous,  35  feet ;  Soft  olive,  yellow,  and  blue  Shale,  25  feet ;  Blue  Slate  ;  upper  part  Sand- 
stone, lower  part  argillaceous,  with  nodules  of  carbonate  of  iron  and  carbonate  of  lime.    Coal,  12  or  18  inches. 

Blue  Shale,  full  of  calcareous  and  ferriferous  nodules,  12  feet ;  Coarse  brown  Sandstone,  near  Craig's  Mill,  25  feet. 

Farther  up  the  creek,  and  lower  in  the  series  than  the  rocks  of  this  section,  two  thin  coal-seams  have  been 
opened  at  Brady's  Mill ;  they  are  the  lowest  rocks  visible  where  the  Loyalhanna  crosses  the  first  sub-axis  above 
New  Alexandria ;  their  vertical  depth  below  the  Pittsburg  Coal  may  be  estimated  at  perhaps  450  feet.  This 
returns  us,  by  the  way  of  the  LoyaUianna,  to  the  first  sub-basin  and  the  foot  of  Chestnut  Ridge.  This  is  so  much 
deeper  than  the  second  sub-basin,  that  the  Pittsburg  Coal-bed  reaches  and  passes  under  the  bed  of  Loyalhanna 
Creek.  The  exposures  along  the  creek  flowing  out  of  the  gap  of  Chestnut  Eidge  towards  the  midiUe  of  the 
trough,  or  above  Youngstown,  exldbit  the  usual  variable  mass  of  sandstones  and  shales  composing  the  Barren 
Measures,  hardly  to  be  identified  at  any  two  points,  however  close  ;  and  also  some  coal-beds,  to  be  hereafter 
described. 


CHAPTER  XXIV. 


1.  LOWER  ROCKS  OF  THE  FIRST  SUB-BASIN,  OF  THE  THIRD  BASIN,  BETWEEN  THE  LOYALHANNA 
AND  THE  CONEMAUGH,  ALONG  THE  BASE  OF  CHESTNUT  RIDGE. 

Denuding  agencies  have  acted  with  eaergy  upon  the  outcrop  of  the  Upper  Barren  Measures  along  the  flank 
of  Chestnut  Ridge. 

M'^Gee's  Run  occupies  the  line  of  greatest  denudation,  having  a  ridge  of  sandstone  strata  containing  the 
smaller  lower  coal-seams  on  the  right,  and  another  ridge,  with  the  Pittsburg  Coal-seam  outcropping  at  its  base, 
or  on  its  side,  to  the  left.  The  former  generally  exliibits  a  range  of  elevations  blending  at  intervals  with  Chest- 
nut Ridge,  but  standing  out  as  bold  knobs  at  all  the  transverse  ciits  or  gaps.  Sometimes  it  is  rather  a  regular 
terrace  than  a  distinct  hill. 

The  flat  valley  of  M'^Gee's  Run  gradually  narrows  and  heads  up  towards  the  S.,  as  does  that  of  the  corre- 
sponding run  flowing  into  the  Loyalhanna.  The  central  or  Western  ridge  containing  the  Pittsburg  Coal  becomes 
higher,  and  exhibits  less  the  effects  of  denudation.  In  the  space  between  the  heads  of  the  two  streams  are 
frequent  exposures  of  the  Barren  Measures  (shales  and  sandstones).  Some  of  these  are  persistent — as,  for  instance, 
the  red  and  variegated  shale-bands  of  the  sections,  and  some  of  the  larger  sandstone  strata.  The  lower  coal- 
beds  have  been  but  Little  explored.  A  three-feet  bed  is  opened  at  about  a  fomth  of  a  mile  from  Ray's  Mill ; 
near  this  was  seen  a  small  coal-outcrop,  with  20  feet  of  brownish  shale  above  it.  These  are  perhaps  the  Upper 
and  Lower  Freeport  Coals.    The  notch  at  Ray's  Mill  is  a  gorge  or  cutting  down  into  the  Umbral  red  shales. 

Approaching  the  Loyalhanna,  no  exposm-es  of  the  lower  coals  are  afforded  that  could  suffice  for  an  accurate 
section,  until  within  a  short  distance  of  that  stream  where  the  hills  are  higher,  and  approach  nearer  to  the  Chest- 
nut Ridge  than  on  the  Conemaugh. 

Coal-Beds  of  Loyalhanna  Creek. — The  5|-feet  coal,  the  lowest  in  the  series,  is  opened  a  short  distance  N. 
of  Loyalhanna  Creek,  on  the  side  of  the  ridge,  and  was  judged  to  overlie  the  Serai  conglomerate  by  perhaps 
30  feet.  The  quality  of  the  coal  is  good,  though  somewhat  soft  and  a  little  slaty.  Immediately  upon  the  coal 
at  this  point  reposes  a  coarse-grained  white  sandstone,  5  feet  of  which  is  exposed. 

A  few  hundred  yards  from  this  opening  towards  the  creek  is  an  exposure  of  a  20-incli  coal-seam,  wrought, 
and  yielding  an  excellent  coal.  The  relative  position  of  these  two  openings  or  beds  was  extremely  difficult  to 
determine.    Two  thin  seams  are  exposed  in  the  first  depression  at  the  base  of  the  ridge,  1  mile  N.  of  the  creek. 

The  creek  gives  numerous  good  exposures  of  the  rocks  above  these  coal-beds,  many  of  which  are  olive  slates. 
A  blank  interval  of  l-iO  feet  in  the  sequence,  judging  from  surface  fragments,  consists  of  olive-coloured  rocks,  as 
does  much  of  the  space  below  the  underlying  iO-feet  sandstone.  But  there  does  not  seem  ground  for  supposing 
the  presence  here  of  full  eqmvalents  of  the  enormous  exposures  of  olive  shales  in  the  second  sub-basin  on  the 
Conemaugh.  As  we  go  farther  S.,  we  find  still  fewer  rocks  of  this  colour.  Exposures  of  the  upper  portions  of 
the  Barren  Measures  are  rare.  The  40-feet  thick  sandstone  (Mahoning  Sandstone)  here  forms  quite  high  hills  at 
the  base  of  Chestnut  Ridge.  As  we  enter  the  gap,  fine  cliffs  of  the  conglomerate  are  seen  ;  then  the  Umbral  red 
shales  ;  and  finally,  at  the  axis,  the  Vespertine  blue  sandstone  layers. 

Coal-Beds  of  Loyalhanna  at  the  First  Sub- axis. — On  the  W.  side  of  the  First  Basin  along  the  Loyalhanna, 
the  rocks  of  the  Barren  Measures  are  sandstones  and  shales,  with  a  few  calcareous  layers,  but  no  regular  lime- 
stone bands.  One  of  the  lower  coal-seams,  2^  feet  thick,  with  bluish  shale  and  sandstone  over  it,  is  exposed  at 
a  spot  1^  miles  above  Brady's  Mill  in  the  creek. 

At  Brady's  MiU  the  rocks  dip  West  (from  the  first  sub-axis  into  the  second  sub-basin),  and  expose  two  coal- 
seams  between  2  and  3  feet  thick,  and  between  them  25  feet  of  olive  and  grey  slate,  with  siHcious  layers.  Above 
the  upper  coal  are  yellow  shale  and  coarse  sandstone  in  thick  strata.  The  coal,  I^  miles  above  Brady's  Mill, 
is  probably  one  of  the  two  coal-beds  opened  half  a  mile  from  Craig's  Mill. 
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2.  LOWER  EOCKS  SOUTH  OF  THE  LOYALHANNA,  ALONG  CHESTNUT  RIDGE. 

Denudation  has  acted  along  Nine-mile  Run,  as  along  M'^Gee's  Run,  causing  occasional  exposures  of  the 
Barren  Measure  shales  and  sandstones.  At  none  of  the  notches  in  the  ridge  are  the  lower  coal-seams  exposed 
for  some  distance  to  the  S.  of  the  Loyalhanna  ;  Jacob's  Creek  is  the  first  that  cuts  deep  enough  to  bring  their 
outcrops  to  the  day.  Of  course,  however,  their  E.  outcrops  run  continuously  among  the  sandstones  high  up 
Chestnut  Ridge. 

A  similar  ridge  to  that  before  described  ranges  along  the  W.  side  of  the  valley  of  the  run,  with  the  outcrop 
of  the  Pittsburg  Seam  along  its  base.  The  valley  narrows  in  like  manner  as  it  heads  up  S.,  and  the  W.  hiUs, 
gradually  approaching  Chestnut  Ridge,  finally  form  spurs  or  transverse  elevations  connecting  it  with  the  central 
height  of  the  trough. 

Between  the  waters  of  the  Loyalhanna  and  those  of  Jacob's  Creek,  one  branch  of  the  Big  Sewickly  takes 
its  rise  near  the  Chestnut  Ridge,  being  separated  from  the  main  creek,  and  continuing  so  as  far  as  Jacob's 
Creek,  always  having  the  Pittsburg  Coal  outcrop  on  the  W.  side  of  the  continuous  depression. 

Coal-Beds  on  the  Big  Sewickly,  First  Sub-basin  and  Axis. — Sewickly  Creek,  at  its  head,  affords  but 
few  exposures  of  the  E.  outcrop  of  the  lower  coal-beds  and  middle  Barren  Measures.  Along  its  course,  through 
the  first  sub-axis  in  the  East-dipping  rocks,  are  some  fine  exposures  of  sandstone  ;  a  thin  coal-seam  also  appears 
near  the  middle  of  the  series. 

The  coal-bed  (Upper  Freeport  Coal),  from  6  to  4  feet  thick,  rises  from  the  water-level  to  cross  the  first 
sub-axis  for  a  distance  of  4|  or  5  miles  from  Chestnut  Ridge,  at  Roof's  lower  miU.  Here  there  are  exposed 
with  the  coal  15  feet  of  micaceous  sandstone,  and  some  layers  of  blackish  slate.  The  coal  is  4  feet  thick,  and 
upon  it  lies  a  coarse  sandstone.  This  coal-bed  supplies  with  fuel  all  the  salt-wells  along  the  stream,  and  is  no 
doubt  the  same  with  that  which  supplies  the  salt-works  of  the  Conemaugh.  Its  coal  is  rich,  solid,  and  fi-ee  from 
iron  and  slate  impurities,  though  it  occasionally  shows  a  thin  seam  or  two  of  interstratified  slate.  If  this  be  the 
Upper  Freeport  Coal,  it  may  appear  strange  that  the  limestone  beneath  it,  so  largely  developed  on  the  Cone- 
maugh, is  not  here  found. 

The  Sewickly  Valley  holds  its  course  for  several  miles  along  the  anticlinal  axis,  winding  from  side  to  side 
of  the  arch  described  by  the  Upper  Freeport  Coal-bed,  and  allowing  numerous  gangways  to  be  driven  into  it. 
The  greatest  elevation  of  its  arch  from  the  water-level  is  about  75  feet,  and  its  distance  along  water-level  is 
not  above  1  ^  miles.  At  Irvin's  salt-well,  on  the  E.  side  of  the  creek,  it  yields  4  feet  of  good  coal ;  and  here 
there  is  so  great  an  evolution  of  inflammable  gas  from  the  swampy  spot  in  which  the  well  was  sunk,  that  the 
gas  has  been  caught  and  used  as  fuel  beneath  the  boilers.  Below  this,  at  the  salt-well  at  the  forks  of  the  creek, 
the  coal-bed  is  from  8^  to  5  feet  in  thickness,  exhibiting  great  ii'regularities  and  disturbances.  At  one  point 
of  its  outcrop  it  is  wrinkled,  and  is  but  a  few  feet  above  water-level.  A  few  hundred  yards  W.  of  this,  thei-e  is 
a  coal-opening  much  higher  in  the  hill-side,  which  may  possibly  be  another  seam  ;  if  so,  it  would  be  the  Elk- 
Lick  Coal,  as  that  is  its  proper  position,  supposing  the  assumption  to  be  correct  that  these  various  openings  are 
on  the  Upper  Freeport  Coal-bed.  It  is  remarkable  that  no  trace  of  such  a  higher  bed  of  Elk-Lick  Coal  has 
been  remarked  elsewhere  along  the  stream  ;  these  may  therefore  be  merely  an  uj^throw  or  local  flexure  of  the 
coal-bed. 

At  the  Mammoth  Salt-works  the  bed  is  from  3i  to  4  feet  in  thickness,  with  sandstone  on  the  coal  ;  while 
at  the  mill,  a  short  distance  below  this,  it  is  3  feet  thick,  with  slate  and  sandstone  above  the  coal.  At  Painter's 
salt-well,  and  at  the  crest  of  the  axis,  the  bed  is  72  feet  above  water-level,  and  3  feet  thick.  Here  there  is  seen 
a  thin  seam  52  feet  beneath  it,  the  interval  being  a  coarse-grained  thickly-stratified  sandstone.  At  this  Salt- 
weU  the  evolution  of  gas  is  very  great,  and  is  employed  as  before  stated.  Here  the  hills  are  very  high, 
and  exhibit  continuous  outcroppings  of  tlie  Barren  Measures.  At  their  base  is  the  massive  sandstone  rock 
beneath  the  Upper  Freeport  Coal. 

At  the  salt-well,  one  mile  below  the  last,  the  bed,  with  thin  slate  interlayers,  is  only  22  feet  thick,  thinning 
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locally  when  followed  into  the  hill.  It  is  here  20  feet  above  the  water,  dipping  W.  Where  opened  at  the  salt- 
furnace  oijposite,  it  was  not  quite  2  feet  thick.  Openings  up  the  hill-side  to  a  great  height  above  this  bed,  made 
in  search  of  better  ones,  have  developed  some  dark-coloured  shales  and  two  or  three  thin  coal-seams. 

The  bed  has  been  repeatedly  opened  with  a  gentle  Eastern  dip,  perhaps  three-quarters  of  a  mile  S.E.  from 
the  openings  last  mentioned,  and  found  to  be  from  Sh  to  5  feet  thick,  with  sandstone  roof 

Half  a  mile  S.W.  of  this  again,  and  on  the  opposite  side  of  the  high  hill  near  Painter  and  Mitchell's  lower 
well,  this  very  irregular  coal-bed  exhibits  the  remarkable  change  of  structure  shown  in  the  woodcut  (Fig.  469), 
and  that  in  the  short  distance  of  300  yards,  being  at  one  place  a  single  bed  3  feet  thick,  and  at  the  other  a  double 
bed,  divided  by  a  layer  of  shale  and  sandstone,  and  each  siibdivision  3  feet  thick.  Farther  on,  in  the  same 
bank,  a  crush  (section  a)  is  visible  :  the  upper  bed  is  3  feet  thick  ;  tlie  two  being  separated  by  coarse  sand- 
stone. 

A  few  yards  from  this  we  have  b,  the  upper  bed  running  out  from  2  feet  to  nothing  ;  and  the  undermost 
bed  varying  from  6  inches  to  1  foot ;  both  shale  and  sandstone  intervening. 

At  another  place,  c,  in  the  same  opening  we  have  the  upper  bed  from  2^  feet  to 
5  inches  thick,  and  the  under  one,  3  feet  thick  ;  with  from  1 5  inches  to  2  feet  of 
sandstone  intervening.  A  few  rods  off  the  whole  bed  has  but  3  feet  of  coal  ;  at 
another  place  it  has  9  feet,  with  a  few  slate  interlayers ;  these  9  feet  shortly  thin  out 
to  1  foot.  Some  of  the  openings  have  been  abandoned,  the  coal  thinning  out  alto- 
gether. The  roof  shows  numerous  lumps  and  wrinkles,  and  is  a  confusedly  deposited 
sandstone  mixed  with  flakes  of  coal ;  stems  of  plants  cross  each  other  in  all  direc- 
tions. The  coal  itself  is  highly  bituminous,  of  a  pure  black  colour,  and  separated 
into  prisms.  A  boring,  300  yards  from  the  openings  last  described,  went  down 
100  feet,  and  touched  no  coal ;  whereas,  had  this  bed,  of  which  we  are  treating, 
proved  at  all  consistent,  it  should  have  been  struck  by  the  boring  40  feet  below  the 
surface. 

At  Painter  and  Mitchell's  lower  salt-well,  the  E.  bank  of  the  Sewickly  is  70 
feet  in  height,  being  a  deep  escarpment  of  sandstones  and  shales  ;  but  no  coal 
appears  at  the  proper  point — that  is,  40  feet  above  the  water — althougli  it  is  wrought 
in  the  same  strata  only  70  yards  to  the  E.    To  carry  it  below  the  creek-level  an 

angle  of  50°  would  be  required,  and  that  where  the  strata  are  almost  horizontal ;  only  a  counter-dij^  of  45° 
could  have  projected  its  outcrop  above  the  bank.  The  boring,  100  feet  deep,  also  intervenes.  The  coal  has 
therefore  disappeared  from  this  locality. 

The  Sewickly  Creek  flows  along  the  axis  for  1-J-  miles  farther,  and  then  W.  across  the  second  subdivision  of 
the  Third  Basin.  J\Ir  Hurst's  well  is  next  in  order  to  Painter  and  Mitchell's  lower  well,  and  perhaps  three- 
fourths  of  a  mile  below  it.  The  Upper  Freeport  Coal  has  not  here  been  discovered  in  its  proper  position  ;  coal 
is  obtained  from  down  the  creek,  where  it  sweeps  to  the  W.  Here  it  is  exposed  on  the  N.  side  of  the  creek 
bank,  4  feet  in  thickness,  with  a  sandstone  roof :  the  sandstone  is  coarse-grained,  and  full  of  vegetable  impres- 
sions. The  floor  of  the  coal  is  a  hard  blue  silicious  slate.  Old  openings  farther  down  the  creek  exhibit  similar 
sections,  the  sandstone  everywhere  rolled,  wrinkled,  and  confused. 

At  the  bend  of  the  stream  is  Harrol's  coal-bank  and  salt-well,  the  latter  440  feet  deep  :  a  neighbouring  well  is 
658  feet  deep.  The  coal-seam  is  here  from  4i  to  6  feet  thick,  subdivided  by  a  thin  band  of  blue  slate  at  18  inches 
from  the  floor.  The  top  is  sandstone,  the  floor  hard  silicious  slate  ;  the  same  character  is  found  at  Hurst's  opening, 
350  yards  farther  W.  At  D.  Wortz's  well,  400  yards  farther  on,  the  coal  disappears  beneath  the  creek.  The 
sandstone  often  exhibits  a  thickness  of  50  feet. 

At  Thompson,  Turner,  &  Co.'s  well,  1  mile  S.E.  of  the  creek  at  its  bend,  and  1  mile  N.  of  the  Mount  Plea- 
sant Turnpike,  the  bed  averages  5  feet,  but  varies  to  6|  feet.  It  contains  here  much  sulphuret  of  iron,  and  has 
above  it,  as  usual,  coarse-grained  irregularly-stratified  sandstone,  full  of  stems  and  leaves. 
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The  following  section  of  rocks  intersected  in  boring  the  salt-well  was  kindly  furnished  by  one  of  the  pro- 
prietors ;  it  commences  at  the  sm:face  of  the  ground,  25  feet  below  the  coal-opening  : — 

Dark  Slate,  39  feet  ;  Sandstone,  42  feet  ;  Light  Slate,  24  feet.  Coal,  Z),  feet ;  Sandstone,  17  feet.  Dark  Slate, 
48  feet ;  Sandstone,  19  feet.  Soft  Shale,  66  feet  ;  Sandstone,  27  feet.  Slate  and  Coal,  15  feet.  Then  "the  Eighty- 
feet  Rock  "  of  the  borers,  a  massive  Sandstone,  perhaps  the  Serai  conglomerate,  112  feet.  Black  Slate,  1 6  feet.  Red 
Slate,  50  feet.    Sandstone  to  salt-water,  180  feet. 

The  3|-feet  Coal-bed  is  opened  at  other  places  between  the  Sewickly  Creek  and  the  Mount  Pleasant  Tm-u- 
pike.  It  is  4J  feet  thick  at  Hunter's  old  well,  10  feet  above  the  level  of  the  run  ;  a  band  of  pyritous  slate 
runs  through  it  15  inches  above  the  hard  blue  slate  floor.  At  the  turnpike,  5  J  miles  from  Moxmt  Pleasant,  at 
the  level  of  the  run,  the  bed  is  4|  feet  thick,  dipping  gently  E.  The  Great  Mahoning  Sandstone  rests  immedi- 
ately on  the  coal.  A  thin  slate-seam  runs  here  also  18  inches  above  the  floor.  This  is  the  most  South-westerly 
exposure  of  the  bed  on  the  Sewickly  waters  :  it  appears  again  on  Jacob's  Creek. 

The  Sewickly  runs  hence  W.,  exposing  the  whole  series  of  the  Barren  Measures.  Two  very  thin  coal- 
seams  occur  in  the  series,  dipping  gently  W.  This  gentle  Westerly  dip  does  not  give  jjlace  to  an  Easterly  dip 
as  we  descend  the  creek,  on  account  of  the  dying-out  of  the  second  sub-axis  about  2  mUes  before  it  would  have 
crossed  the  Sewickly.  In  consequence  of  this,  a  wide  extent  of  country  is  here  overspread  by  the  Barren 
Measures  ;  the  Upper  Freeport  Coal  being  under  water-level,  and  no  dips  being  strong  enough  to  bring  it  above 
the  Pittsburg  CoaL  The  terminus  of  the  axis  is  marked  by  a  few  high  knobs,  but  does  not  present  so  broken  an 
aspect  as  does  the  face  of  the  siuTOunding  country  ;  it  has  seemingly  been  more  abraded  by  denuding  forces.  The 
hills  slope  gradually  along  this  line  to  the  rather  wide  depression  or  valley  of  the  creek  ;  while  E.  and  S.  of  the 
creek,  and  also  W.,  in  the  range  of  the  Pittsburg  Coal-bed,  they  rise  more  abruptly,  and  are  higher.  It  is  about 
10  miles  in  a  straight  line  from  Chestnut  Ridge  to  a  high  knob  on  the  termination  of  this  second  sub-axis ;  and 
W.  of  this,  to  the  point  where  the  E.  outcrop  of  the  Pittsburg  Seam  crosses  the  Sewickly,  it  may  be  2|  miles. 

From  the  forks  of  the  Robstovni  Road  (5i  miles  from  Mount  Pleasant),  where  the  Upper  Freeport  Coal 
disappears  in  the  run,  as  has  been  described,  there  are  numerous  exposures  of  the  Barren  JMeasures  along  the 
Robstown  Road.  Farther  W.,  the  red  shales  in  the  middle  of  the  group  frequently  appear,  though  they  were 
not  seen  along  Sewickly  Creek.  A  few  small  smut-lines  are  the  only  indications  of  the  presence  of  coal, 
and  these  can  be  the  outcrops  of  but  very  small  beds.  The  Pittsburg  Bed  finally  appears,  and  crosses  the  road 
a  few  miles  W.  of  the  forks. 

3.- THIRD  BASIN,  FIRST  SUBDIVISION,  ALONG  JACOB'S  CREEK. 

Jacob's  Creek  makes  an  irregular  gap  or  notch  in  Chestnut  Ridge,  only  deep  enough  to  expose  the  silicious 
limestone  strata  at  the  base  of  the  Umbral  red-shale  formation.  Such  exposures  ai-e  seen  at  the  arch  of  the 
axis  a  mile  or  two  from  the  old  fm-nace.  Where  the  rocks  begin  to  incUne  to  the  E.  is  an  exposm-e  of  a  few 
feet  of  soft  ash-coloured  shales  ;  over  these  is  a  soft  grey  argillaceous  limestone,  full  of  fossils,  10  feet ;  over  this, 
red  shales,  12  feet  ;  over  these,  grey  micaceous  sandstone,  20  feet.  Supposing  this  to  be  the  Serai  conglomerate, 
search  was  made  in  the  shales  beneath  for  ore,  but,  with  the  exception  of  a  few  small  nodules  scattered  through 
the  shale,  none  was  visible.  It  is  probably  to  be  found  higher  in  the  series.  Farther  do^vn  the  Big  Branch, 
abundant  evidence  of  the  presence  of  the  Serai  conglomerate  is  afforded  by  its  fragments  and  exposures. 

Upon  a  neighbouring  head-branch  of  Jacob's  Creek  there  is  exposed  a  coarse-grained  thickly-stratified 
sandstone  about  60  feet  in  thickness  ;  upon  this  are  oUve  slates  and  blackish  shales,  with  a  coal-seam  a  few 
inches  thick,  among  them  ;  upon  these  lie  blackish  and  olive  shales,  with  sandstone  interlayers,  thickness 
unknown  ;  over  these,  yellow  shales,  and  a  pure  blue  limestone  stratum,  2^  or  3  feet  tliick.  This  mass  of 
shales  is  about  20  feet  in  vertical  thickness.  Upon  the  limestone  lie  olive  shales,.  8  feet  thick  ;  then  micaceous 
sandstone,  20  feet ;  then  olive  and  yeUow  silicious  slates,  30  feet. 

For  a  space  there  are  no  exposures,  and  then  occurs  a  coal-bed,  4  feet  thick,  of  good  soft  coal,  but  contain- 
ing sulphuret  of  iron  in  some  quantity.    Upon  it  lie  dark  oUve  shales,  in  some  parts  nearly  black,  and  some- 
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times  quite  silicious,  65  feet  exposed.    We  supposed  this  seam  to  be  tlie  -i-feet  seam  of  Sewickly  Creek,  but 
remarked  the  striking  absence  of  the  IVIahoning  Sandstone  above,  and  other  irregularities 
consequent  upon  such  an  identification.    A  comparison  with  the  section  in  Thompson, 
Turner,  &  Co.'s  salt-well  on  the  Sewickly,  presented  at  the  top  of  page  606,  wiU  guide 
us  in  assigning  it  its  true  position  in  the  series  as  the  Brookville  (or  Clarion)  Coal-bed. 

From  this  exposure  the  stream  runs  some  distance  along  the  strike  of  the  rocks, 
but  cuts  them  again  across  the  dip  a  little  above  Lobinger  s  upper  mill,  exposing  for 
three-fourths  of  a  mile  the  sandstones  and  shales  above  the  coal  just  described. 

At  the  mill,  another  coal-bed,  4  feet  thick,  has  been  discovered  near  the  mouth  of  a 
well  sunk  through  it,  and  introduced  into  the  section  above.  This  is  doubtless  the  Upper 
Freeport  Coal  of  the  salt-works. 

A  section  was  made  past  Lobinger's  lower  mill,  crossing  the  outcrops  of  the  lower 
coal-beds,  and  the  outcrop  of  the  Great  Pittsburg  Coal-bed,  along  the  side  of  the  central 
ridge  of  the  basin.  The  following  coal-beds  were  discovered  in  the  side  of  the  hills,  and 
their  distances  asunder  measured  : — 

First,  Coal  (Upper  Freeport  Coal),  3  feet  ;  above  it,  yellow  Shale  ;  below  it,  at  au  interval 
of  43  feet,  in  which  no  rocks  appeared  in  place,  Coal,  3  feet ;  below  this,  after  another  inter- 
val of  concealed  rocks  of  136  feet,  a  third  Coal-bed,  1  foot  thick  ;  over  it,  coarse  Sand- 
stone, 12  feet  exposed  ;  under  it,  blue  and  yellow  Shales,  with  micaceous  sandstone,  20  feet 
exposed. 
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The  uppermost  of  these  seams  exhibits  a  soft  rich  coal,  separating  into  vertical  prisms,  and  containing 
siilphuret  of  iron.  It  is  divided  by  a  thin  slate,  1  foot  from  the  floor,  as  seen  in  all  the  openings  upon  this  bed 
along  the  Sewickly  Creek.  Its  outcrop  can  be  traced  along  the  ridge  to  the  E.  of  this  locality.  Above  it,  after 
an  interval,  is  a  small  exposure  of  micaceous  sandstone,  and  over  this  again  the  large  sandstone  stratum  which 
forms  the  high  rocks  or  spurs  descending  from  Chestnut  Ridge,  between  the  head-runs  of  the  creek.  The  space 
above  this  seam  appears  to  be  principally  sandstone,  interstratified  with  some  shale.  This  is  seen  below  the 
lower  mill,  on  the  South-facing  point  of  the  hdl.    The  exposure  is  as  foUows  : — 

Sandstone,  in  thick  coarse  strata,  30  feet  ;  under  this,  olive  and  yellow,  chiefly  siUcious  Slates,  30  feet ;  Micaceous 
Sandstone,  25  feet;  Olive,  yellow,  and  blackish  Slates,  20  feet;  Coal,  brittle  and  hard,  14  inches;  Yellow  Shale  to 
the  water-level. 

Below  the  lower  mill  on  the  W.,  and  higher  in  the  series,  is  a  sandstone  stratum  50  feet  thick,  and  under 
it  a  coal-seam,  6  inches  thick,  resting  upon  olive  shales.  Tracing  the  sandstone  down  the  creek,  a  yellow  slate, 
perhaps  20  feet  in  thickness,  is  seen  to  rest  upon  its  top  surface,  and  upon  that  a  coal-seam,  3  feet  thick,  over 
which  is  a  covering  of  yellow  slate. 

Thus  we  see  that  upon  Jacob's  Creek  there  are  six  coal-seams,  from  6  inches  to  3  feet  thick,  within  a  vertical 
section  of  perhaps  350  feet.  If  equal  advantages  for  observation  were  everywhere  afforded,  no  doubt  similar 
results  would  be  attainable  along  the  whole  flank  of  Chestnut  Ridge.  The  uppermost  3-feet  thick  coal  may  be  the 
Elk-Lick  Coal-bed,  or  a  locally  enlarged  exhibition  of  one  of  the  small  Barren-Measure  coals.  The  Upper  Free- 
port  Coal  has  been  worked  by  Mr  Lobinger  here,  and  also  on  Grass-Lick  Run.  The  3-feet  coal-bed  below  it  had 
there  yielded  4  feet  of  coal. 

Lower  down  the  creek,  ex^josures  of  the  Barren  Measm'es  are  numerous  and  unimportant,  being  chiefly  of 
micaceous  fine  and  coarse-gTained  sandstone  and  yellow  slates.  There  is  one  exposure  of  the  red-shale  band  of 
considerable  thickness.  At  Mr  A.  Robinson's  sawmill  are  seen  a  few  thin  strata  of  fossiHferous  limestone 
enclosed  in  yellow  slates.  Still  farther  down  the  creek,  and  higher  in  the  series,  are  found  nodules  of  iron  ore 
and  of  limestone  in  yellow  shale.  As  we  approach  the  part  of  the  creek  where  the  Pittsburg  Seam  is  exposed, 
the  dips  become  gentler,  and  the  valley  spreads  as  a  wide  flat,  with  low  hills  on  either  side.  The  creek  flows 
along  the  synclinal  trough,  until  within  3  miles  of  the  Youghiogheny  River,  where  it  turns  suddenly  to  the  W.,  at 
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Strickler's  mill,  and  traverses  the  first  sub-axis.  Almost  its  whole  course  is  therefore  in  the  Barren  ^Measures  ; 
the  Pittsburo;  Coal-seam  nowhere  descends  to  the  water-level.  Half  a  mile  below  the  "  Chain  Bridore  "  it  is 
60  feet  above  the  water  ;  at  Wade  and  FuUerton's  mill,  and  Stouffer's  mill,  it  is  80  feet. 

High  in  the  Barren  Measures,  and  not  more  than  90  feet  beneath  the  Pittsburg  Coal,  there  is  to  be  seen  at 
the  Jacob's  Creek  Mill  (Stouffer's)  a  coal-bed,  2  feet  thick,  nearly  horizontal,  under  micaceous  sandstone  ;  beneath 
the  coal  there  is  no  exposure  for  (J  feet ;  then  we  find  yellow  shale,  with  limestone  strata — in  all,  10  feet  thick. 
Two  hundred  and  fifty  yards  down  the  creek  the  same  limestone  layers  are  exposed,  12  feet  thick  ;  the  upper 
ones  pure  good  limestone,  the  lower  ones  yellowish  and  shaly.  These  have  been  opened  again  still  farther 
W.,  and  on  the  hill  to  the  N.W. 

As  the  larger  bands  of  sandstone  rise  successively  with  an  E.  dip,  as  we  approach  the  axis  they  are  exposed 
for  considerable  distances  along  the  low  hills  bordering  the  creek. 

At  a  point  half  a  mile  above  Hess  and  Chain's  are  some  exposures  of  interest ;  they  are  descending  :  Blue  slate 
and  sandstone,  a  few  feet ;  dark  olive  and  bluish  slate,  14^  feet ;  in  the  lower  part  of  this,  a  band  of  coarse-grained 
nodular  caibonate  of  iron,  4  inches  thick  ;  slate,  with  many  nodules  of  ore,  15  inches  ;  then  some  impure  sUi- 
cious  ore  ;  and  under  all,  dark-blue  and  black  slate,  6  feet.  For  an  interval  of  500  yards,  no  rocks  are  exposed  ; 
then  we  see  coarse-grained  sandstone,  15  feet  exposed.  At  the  mill  this  is  35  feet  above  the  creek  ;  beneath  it  are 
blue  shales,  8  feet  exposed,  containing  small  nodules  of  good  iron-ore,  lying  immediately  under  the  sandstone, 
but  not  in  a  regular  stratum. 

A  fourth  of  a  mile  below  this,  the  Upper  Ereeport  Coal-seam  again  makes  its  appearance,  rising  from  the 
water  with  a  dip  of  about  10°  E.  20°  S.  It  is  here  very  irregular,  as  are  also  the  accompanying  rocks  above 
and  beneath  it ;  at  one  place  there  are  but  a  few  inches  of  slaty  coal  between  roof  and  floor  ;  and  again  there 
are  4  feet  of  good  coal,  with  little  or  no  slate  present.  Sometimes  a  blue  slate  overUes  the  coal,  sometimes 
the  sandstone  rests  in  immediate  contact  upon  the  seam.  This  rock  is  a  coarse-grained  grey  sandstone  veiy  irre- 
gularly stratified,  and  apparently  much  crushed,  and  full  of  iiTcgiilar  concretions.  The  bed  has  here  numerous 
openings  upon  its  outcrop. 

For  a  mile  below  the  openings  in  the  coal-bed,  exposures  of  sandstone  underneath  the  coal  occur  along  the 
creek.  About  1\  miles  below  the  emergence  of  the  4-feet  (Upper  Ereeport)  coal,  the  lower  smaller  seam  has 
risen  from  the  bed  of  the  creek,  and  is  opened  at  35  feet  above  the  water.  No  measurement  could  be  made  in 
the  deserted  gangway.  A  coarse  sandstone,  full  of  stems  and  leaves  of  plants,  here  rests  upon  the  bed.  At 
Robinson's  old  saw  and  grist  mill  the  creek  falls  over  a  bed  of  massive  sandstone  at  one  place  10  feet  perpen- 
dicularly ;  the  whole  exposure  is  30  feet  thick. 

Four  hundred  yards  below  the  falls  are  exposed,  first,  micaceous  sandstone,  12  feet  ;  coal  underneath  the 
last,  1  foot ;  blue  shale  filled  with  stems  and  leaves,  4  feet ;  thinly-stratified  sandstone  and  slate,  16  feet  visible. 
A  short  distance  below  this  point,  a  sandstone  occurs  in  the  bed  of  the  stream,  and  soon  dips  gently  to  the  W. 

The  valley  of  the  creek  is  here,  at  the  axis,  a  deep-winding  chasm,  with  lofty  precipitous  bluffs,  in  which 
the  successive  ledges  of  the  sandstone  strata  of  the  section  appeal".  The  land  above,  along  the  hue  of  the  axis,  is 
barren  and  sandy,  and  is  known  by  the  name  of  "  Brush  Ridge." 

4.— JACOB'S  CEEEK  IN  THE  SECOND  SUB -BASIN. 
Descending  the  creek  from  the  point  where  the  first  sub-axis  crosses  it  towards  the  old  furnace,  marked 
TurnbuU's  on  the  county  map,  the  cliffs  of  sandstone  strata  are  seen  sinking  to  the  water-level,  and  successively 
disappearing  under  it ;  they  form  while  in  view  the  prominent  feature.  Upon  a  horizontal  stratum  of  coarse 
sandstone,  forming  the  bed  of  the  creek,  above  the  old  forge,  rest  60  feet  of  ohve-colom-ed  slate,  changing 
towards  its  upper  part  to  sandstone.  On  this  rests  blue  shale,  12  feet,  from  which  nodular  carbonate  of  iron 
was  procured  to  feed  the  furnace  below,  but  in  small  quantities,  and  of  poor  quality.  This  furnace  is  deserted, 
and  its  excellent  stack  stands  as  a  warning,  added  to  the  many  others  in  our  State,  to  manufacturers  of  iron 
to  study  more  thoroughly  their  ore-deposits.  An  immense  amount  of  money  has  in  this  instance  been  lost  in 
buildings,  scarcely  a  trace  of  which  remain  except  the  stack  itself 
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Upon  the  blue  shale  containing  the  ore  lies  a  sandstone,  12  feet  thick;  upon  tliis,  blue  and  yellow  slates, 
1 6  feet,  with  a  thin  limestone. 

Upon  these  slates  rests  a  coal-bed,  2  feet  thick,  covered  by  a  solid  sandstone  rock,  9  feet  thick,  and  resting 
upon  a  soft  blue  shale. 

Upon  the  sandstone  lie  slates  and  sandstone  layers,  85  feet  thick.  Fragments  of  limestone  were  discovered  in 
the  surface-rubbish  here  ;  then  coarse  grey  sandstone  in  thick  strata,  30  feet. 

To  the  S.  of  the  furnace  in  the  hill-side,  70  feet  above  the  stack,  and  1  mile  from  the  road  from  Connellsville 
to  Pittsburg,  the  Upper  Freeport  Coal  has  been  opened,  on  the  land  of  Henry  Sweitzer  of  Brownsville,  and  found 
to  yield  3  feet  of  good  coal.  The  distance  of  this  Upper  Freeport  Coal-bed  above  the  lower  smaller  seam  is  170 
feet.  The  coal  does  not  make  its  appearance  on  the  surface  where  it  should  enter  the  creek.  Below  this  point  to 
the  mouth  of  the  creek  frequent  exposures  of  the  Barren  Measures  occur.  The  distance  from  the  furnace  to  the 
mouth  of  the  creek  is  2  miles  in  a  straight  line,  but  is  5  miles  by  the  windings  of  the  stream.  Near  the  creek's 
mouth  the  red  and  variegated  shales  of  the  Barren  Measures  show  themselves,  30  feet  in  thickness,  of  soft  texture, 
and  brightly  coloui'ed.  Fragments  of  a  calcareous  stratmn  were  picked  wp  in  connection  with  the  shale.  As  the 
Pittsburg  Coal-seam  is  only  25  feet  above  the  water,  on  the  S.W.  side  of  the  Youghiogheny  River,  opposite  the 
mouth  of  the  creek,  these  red  shales  cannot  be  far  below  that  bed  in  stratigraphical  order. 

5.— LOWEE  COALS  AND  BAEEEN  MEASUEES  ALONG  MOUNT'S  CEEEK. 

The  hills  following  the  base  of  Chestnut  Ridge,  S.  of  Lobinger's  Mills,  and  cut  by  Green  Lick  Run,  are 
formed  of  the  sandstone  strata  among  the  lower  coals.  S.  of  Green  Lick  Run  a  high  range  of  land  connects  the 
ridge  with  the  central  range  of  the  basin,  cutting  off  the  valley  of  Jacob's  Creek  from  that  of  Mount's  Creek. 
The  latter  takes  its  rise  in  a  slight  gap  or  notch  in  the  summit  of  Chestnut  Ridge,  and  almost  immediately 
flows  into  and  along  the  Barren  Measures  to  the  Youghiogheny  River.  A  tliin  coal-seam  is  said  to  have  been 
opened  above  Mount  Vernon  Furnace  ;  it  is  one  of  the  lower  coals. 

From  peculiarities  in  the  topographical  aspect  of  the  country  E.  of  Mount's  Creek,  rather  than  from  any 
observations  of  exposed  structural  appearances,  it  is  probable  that  a  short  axis  or  local  flexure  of  the  rocks  exists 
parallel  with  the  ridge,  and  extending  from  Mount  Vernon  Furnace  to  White's  Run.  The  outcrop 
of  the  Pittsburg  Coal-seam  is  here  separated  from  the  base  of  Chestnut  Ridge  by  a  great  interval,  and  this 
interfening  space  is  occupied  by  high  hills,  in  which,  at  least  towards  the  top, 
it  ought  under  ordinary  circumstances  to  appear. 

Natural  exposures  along  Mount's  Creek  are  rare ;  2^  miles  above  Shellen- 
berger's  mill  we  have  this  one  : — Thin  coal  layers  ;  blackish  slate,  o  feet ;  coal-bed, 
1 8  inches ;  grey  micaceous  sandstone,  8  feet ;  dark-blue  shale,  breaking  ujj  into 
lozenge-shaped  fragments,  6  feet ;  light-blue  and  red  shale,  12  feet ;  blue  calca- 
reous slate,  full  of  fossils,  4  feet ;  blue  shale,  5  feet. 

The  topographical  sketch  (Fig.  471)  exhibits  the  remarkable  retreat  from  and 
subsequent  ai^proach  to  the  Chestnut  Ridge,  made  by  the  outcrop  of  the  Pittsburg 
Coal-bed  a,  under  the  influence  of  the  conjectural  axis.  The  hill  b  is  capped  by 
the  Mahoning  Sandstone.  At  x,  at  the  base  of  the  hills  containing  the  Pittsburg 
Coal  outcrop,  are  seen  the  red  and  variegated  shales  of  the  upper  portion  of  the 
Barren  Measures.    At  c  and  d  are  seen  the  outcrops  of  the  lower  coal-beds. 

In  the  deep  gap  whence  White  Mill  Creek  issues,  and  above  Breakneck 
Furnace  at  its  entrance,  are  seen  the  red  shales  and  limestone  strata  of  the 
Umbral  series,  and  not  far  distant  an  expos\ire  of  the  silicious  rocks  of 
the  Vespertine.  At  the  base  of  the  hill  opposite  the  furnace,  the  fossiliferous 
limestone  again  shows  itself,  4  feet  thick.  The  Umbral  ore-stratum  ranges  471.— Map  of  Mount's  Creek, 
along  the  slope,  at  an  elevation  of  80  feet  above  the  limestone,  and  over  it  is  seen  the  Serai  conglomerate. 
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Three-fourths  of  a  mile  dowii  the  Stream  and  25  feet  above  water-level,  a  coal-bed,  2  feet  thick,  is  mined  : 
the  coal  is  pure  ;  the  floor  is  white  sandstone  and  yellow  shale ;  roof,  2  feet  of  black  slate  and  coal  intermixed.  Over 
this,  3  feet  of  grey  slate  ;  over  this,  coarse  sandstone,  12  feet.  The  hUl  above,  of  no  great  height,  seems  formed 
chiefly  of  sandstone. 

Below  White's  Mill,  Yellow  Spring  Run  descends  from  the  ridge  ;  on  this  run  a  coal-bed,  3  feet  thick,  is 
said  to  have  been  opened. 

Six  hundred  yards  above  the  bridge  on  the  Connellsville  Road  are  exposures  of  sandstone  and  a  thin  coal- 
seam  4  inches  thick.  Pour  hundred  yards  Ijelow  this  a  limestone  stratum,  2  feet  thick,  weathering  yellow,  occurs  ; 
upon  this  rest  6  feet  of  shale,  and  yellow  micaceous  sandstone  ;  on  this  shale,  10  feet.  Below  the  bridge,  and 
extending  to  the  mouth  of  the  run,  are  exposures  of  a  sandstone,  40  feet  thick.  All  these  rocks  are  in  the  upper 
part  of  the  Barren  Measures. 

The  few  small  runs  that  flow  from  the  ridge  into  Mount's  Creek,  through  gaps  in  the  range  of  sandstone 
hills  at  its  base  between  White  Mill  Run  and  the  Youghiogheny,  seldom  expose  the  lower  Coal-measures. 

Along  the  Youghiogheny,  where  it  cuts  the  ridge  in  a  deep  wide  gap,  numerous  exposures  occur,  from 
which  the  section  (Fig.  472)  was  compiled,  some  parts  of  it  being  measui-ed,  others 
estimated.  The  site  of  Connellsville  is  on  the  65-feet  sandstone  of  the  section,  a  short 
distance  beneath  the  Pittsburg  Seam.  The  high  knob  opposite  the  town,  and  S.  of  the 
liver,  is  of  the  same  rock. 

Commencing  our  description  of  the  section  with  its  lowest  rock,  the  Serai  con- 
glomerate, we  find  all  the  series  up  to  the  Pittsburg  Coal  dipping  W.,  and  disappearing 
beneath  the  bed  of  the  river  below  Connellsville  in  a  distance  of  about  2i  mUes.  In  the 
gap  the  rocks  dip  from  15°  to  20°,  but  the  dips  become  always  gentler,  until  above 
Connellsvillle  they  are  quite  horizontal — a  phenomenon  repeated  in  every  gap  in  Chestnut 
Ridge,  so  that,  the  distance  of  any  rock  from  the  axis  being  known,  its  inclination  may  be 
approximately  calculated. 

The  Serai  conglomerate  forms  the  bed  of  the  river  at  Rotrock's  Eddy,  2j  mUes  above 
Connellsville,  and  is  from  60  to  70  feet  in  thickness.  It  is  here  a  dark-grey  coarse-grained 
massive  sandstone,  not  a  conglomerate  in  any  part.  Immediately  beneath  it  is  the 
Vespertine  ore,  hereafter  to  be  spoken  of :  the  sandstone  ascends  bold  ledges  nearly  to  the 
summit  of  the  ridge. 

The  two  coal-beds  of  the  section  are  opened  in  the  end  of  a  high  spur,  the  body  of 
which  is  formed  of  the  Mahoning  Sandstone,  and  part  of  the  shales  of  space  250  +  of  the 
section.  The  Mahoning  Sandstone  is  probably  50  feet  thick.  The  2-feet  coal-bed  is  a  rich 
soft  crumbling  coal,  containing  very  little  slate,  and  has  not  been  much  ■wrought. 

The  larger  upper  (Upper  Freeport  Coal)  bed  has  been  opened  at  several  points :  it  is 
Fig.  472.— Youghiogheny  at  One  point  3  feet  thick,  with  a  roof  of  yellow  shale,  4  feet  thick,  and  full  of  vegetable 

Section.  ^  '  . 

remains  :  on  this  rests  a  sandstone.    At  another  place  it  measiu-es  over  4  feet,  with  roof 
of  dark-blue  slate,  above  which  is  the  sandstone.    The  coal  is  good,  and  harder  than  that  below,  and  richly 

bituminous. 

Fragments  of  the  Freeport  Limestone  were  found 
in  the  intei-val,  but  no  rock  in  sitv. 

The  valley  of  Dunbar  Creek  makes  the  middle 
of  the  section  difticult  to  compile  with  accm-acy. 
The  longitudinal  section  will  exhibit  the  relation  of  the  beds  to  the  face  of  the  country. 

The  red  and  variegated  shales  are  seen  at  the  base  of  the  hill,  of  which  the  limestone  under  the  Pittsburg 
Coal  forms  the  coping.    They  are  about  two-thirds  of  the  way  up  in  the  series  of  the  Barren  Measures. 

The  third  coal-seam  is  1  foot  thick  at  its  exposirre  on  the  river,  but  to  the  N.  of  this  exposure  it  is  seen  to 
measure  2  feet. 


Fig.  473. 
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The  Pittsburg  Seam,  after  disappearing  beneatli  the  river  a  short  distance  below  Connellsville,  emerges 
again  at  a  point  2  miles  below  the  town,  near  the  Broad  ford  ;  and  thence  to  the  first  sub-axis  the  river  repeats 
the  Connellsville  Section  in  its  exposm-es.  But  in  the  centre  of  the  synclinal  trough  there  is  a  longitudinal  roll, 
which  causes  the  Great  Coal-seam,  after  having  attained  an  elevation  of  30  feet,  to  descend  again  nearly  to  the 
water,  and  then  reascend  towards  the  sub-axis.  The  presence  of  this  roll  adds  proba1)ility  to  tlie  suggestion  that 
a  similar  one  traverses  the  Upper  Mount's  Creek  district,  as  described  in  page  009.  For  some  distance  the  river 
has  its  course  along  the  axis  of  this  roll,  the  rocks  appearing  quite  horizontal. 

The  Kmestone  strata  beneath  the  Pittsburg  Coal  are  exposed  at  Lobinger's  salt-well,  2  miles  below  Broad- 
ford.    Here  the  Pittsburg  Coal  is  4  feet  above  the  water-level. 

One  mile  below  the  salt-well  the  rocks  below  the  Pittsburg  Seam  are  exposed  ;  the 
section  is  continued  downwards  by  following  the  exposures  of  the  river  as  it  enters  the 
arch  of  the  sub-axis,  near  the  to^vn  of  Liberty  ;  and  if  placed  in  comparison  with  the  upper 
portion  of  the  Comiellsville  Section,  exhibits  the  strildng  and  endless  diversity  consistent 
with  the  widest  and  most  positive  general  conformity.  This  section,  expressed  in  words, 
is  as  follows  : — 

Pittsburg  Coal,  9  feet  ;  Yellow  Slate  and  blue  shale,  IG  feet.  Limestone,  10  feet.  Yellow 
Shale,  .3  feet ;  Interval,  20  feet ;  Coarse  Grey  Sandstone,  irregularly  stratified,  25  feet ;  Interval, 
1.5  feet.    Olive  Shale,  20  feet  ;  Micaceous  Sandstone,  9  feet  ;  Yellow  Slate,  15  feet. 

Three-fourths  of  a  mile  below  East  Liberty,  and  a  short  distance  from  the  river,  on  the  land 
of  Mr  Strickler,  there  is  a  coal-seam,  15  inches  thick  :  upon  this,  blue  shale,  4  feet ;  fossiliferous 
limestone,  6  inches  ;  blue  shale,  7  feet.  Under  the  coal,  blue  slate,  4  feet.  These  rocks  occiir, 
as  nearly  as  can  be  estimated,  35  or  40  feet  beneath  the  former.  The  coal-seam  again  appears 
400  yards  farther  down  the  river,  35  feet  above  water-leveL  Under  it,  along  the  river,  is  a 
continuous  stratum  of  coarse  grey  sandstone,  fully  70  feet  in  thickness :  under  this,  yellow 
shale,  25  feet  ;  sandstone,  30  feet ;  shale,  25  feet.  At  the  old  furnace,  known  as  the 
Franklin  Ironworks,  and  near  the  old  forge  and  below  it,  a  sandstone  stratum,  fully  40  feet 
thick,  comes  next  in  order  :  it  is  thinly  laminated,  grey,  and  micaceous,  with  dark  olive  shales  ; 
it  has  a  very  gentle  East  dip.  Here  fragments  of  coal  are  found  in  the  soil,  but  the 
seam  is  not  visible. 

One  and  a  half  miles  below  this  upon  the  river  are  horizontal  strata  of  coarse  grey  sand- 
stone ;  30  feet  of  this  are  seen  exposed  half  a  mile  below,  and  other  similar  exposui'es  as  far 
as  "  the  rapids,"  where  the  river  has  a  very  considerable  descent  over  the  lower  sandstones 
of  the  Barren  series  (Mahoning  Sandstone,  &c. ) 

Four  hundred  yards  above  the  mouth  of  Washington's  Run,  the  "  4-feet "  (Upper  Freeport)  Saltzburg  Coal- 
bed  is  opened,  measuring  from  4|  to  5  feet  of  good  coal,  divided  as  usual  by  a  thin  slate-seam  near  the  middle. 
Blue  slate  is  the  roof,  and  over  this  the  Mahoning  Sandstone. 

At  the  mouth  of  Washington  Run,  exposures  give  : — 

Sandstone,  coarse,  massive,  80  feet ;  Olive  Slate,  4^  feet ;  Coal,  15  inches  ;  Shale,  containing  calcareous  and 
ferriferous  nodules,  4^  feet ;  Olive  Slate,  4  feet ;  Micaceous  Sandstone,  4  feet ;  Olive  Slate,  4  feet ;  Micaceous  Sand- 
stone, 5  feet ;  Blank  at  the  mouth  of  Washington  Run,  perhaps  65  feet ;  Blue  Shale,  4  feet ;  Coal,  4i  to  5  feet. 

If  the  lower  bed  be  the  Upper  Freeport  Coal,  as  we  suppose,  the  upper  one  is  the  Elk-Lick  Coal ;  or  the 
upper  one  may  be  equivalent  to  the  third  coal-bed  in  the  Connellsville  Section  across  the  sub -basin. 

All  these  rocks  disappear  beneath  the  bed  of  the  stream  approaching  Perryopolis,  a  village  situated  on  a 
high  hill  of  the  Barren  Measures.  Nearly  2  mUes  below  the  mouth  of  Washington  Rmi  the  following  section 
of  their  upper  rocks  is  exposed  : — 

Yellow  Shales,  15  feet;  Solid  stratum  of  Sandstone,  16  feet;  Sandstone,  6  feet;  Yellow  Slate,  10  feet;  Red 
Shale,  12  feet ;  and  Sandstone,  24  feet ;  Yellow,  blue,  and  variegated  Shales,  about  45  feet  above  the  water. 


Fig.  474. — Youg-hio- 
gheny  Section,  lower 
part  of  Connellsville. 
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Above  these  rocks,  at  a  point  on  the  river  a  fourth  of  a  mile  below,  is  a  coal-seam,  18  inches  thick,  a  short 
vertical  distance  beneath  the  Pittsburg  Coal.    This  locality  is  three-foiirths  of  a  mile  above  the  Shovel  Factory. 

Two  mUes  below  Perryopolis  the  river  turns  to  the  N.,  and  its  valley  coincides  with  the  strike  of  the  rocks 
for  about  2h  miles.  At  the  Shovel  Factory  the  Pittsburg  Seam  is  lo  feet  above  low-water  level.  Up  the  river 
it  rises  rapidly  towards  the  first  sub-axis ;  down  the  river,  it  rises  slowly  ;  and  one  mile  above  the  mouth  of 
Jacob's  Creek,  is  70  feet  above  the  water  :  thence  descending,  it  is  seen  35  feet  above  the  water  at  the  mouth  of 
Jacob's  Creek.  A  wide  roll  in  the  rocks  crosses  the  river  at  this  place,  therefore,  but  we  saw  no  evidence  of  its 
existence  N.  or  S. 

6.— LOWEE  ROCKS  SOUTHWAED  OF  THE  YOUGHIOGHENY. 

Dunbar  Creek  rises  in  the  valley  E.  of  Chestnut  Ridge,  through  a  deep  notch  in  which  it  flows,  and 
empties  into  the  Youghiogheny  opposite  Connellsville.  It  traverses  the  Barren  ISIeasures  for  2  mUes  above 
its  mouth,  the  sandstone  above  described  often  forming  from  the  water's  edge  a  perpendicular  wall  or  blufi" 
the  surface  of  which  is  rough,  with  rounded  cavities.  Higher  up  towards  the  bend  of  the  creek,  the  Pittsbm-g 
Seam,  which  at  the  river  outcrops  at  the  base  of  the  ridge  next  W.,  sweeps  round  and  appears  at  the  summit  of 
the  hiU  above  the  sandstone. 

Here  the  creek  issues  from  the  ravine  in  the  ridge,  and  affords  exposm-es  of  the  lower  series  of  rocks. 
Under  the  65-feet  sandstone  of  the  section  (Fig.  472)  occur  16  feet  of  dark  olive  and  brown  shale,  and  in  the 
middle  of  these  a  coal-bed  from  6  to  10  inches  thick,  with  calcareous  nodules  below  the  coal. 

Two  bundled  yards  above  this,  along  the  run  at  Dunbar  Mill,  the  following  section  is  exposed  : — 

Coarse  grey  Sandstone,  confusedly  mixed  with  yellow  shale,  25  feet  thick  ;  Yellow  and  dark  olive  Slate ;  Blackish 
Slate,  45  feet ;  Yellow  Slate,  8  feet,  micaceous,  flaggy.  Thick  coarse  sandstone,  50  feet ;  Olive-yellow  dark  Slates,  6  feet. 
Coal  opened  here  4^-  to  5  feet ;  at  another  opening  it  is  thinner  ;  floor,  blue  shale.  Shales  (coal  not  discovered) 
100  feet.  Serai  conglomerate,  100  feet.  Coal,  6  inches  ;  Olive  and  dark-blue  shales  with  iron  ore  ;  then  limestone  and 
sandstone  strata. 

The  Serai  conglomerate  rises  from  the  creek  about  a  mUe  above  Dunbar  Mill,  at  the  Old  L^nion  Furnace, 
as  a  coarse-grained,  contorted,  and  ii'regnlarly-stratified  sandstone,  cropping  out  above  the  furnace  80  feet  high. 

S.  of  Dunbar  Creek,  the  65-feet  sandstone  again  forms  a  ridge  separating  the  range  of  hUls  containing  the 
outcrop  of  the  Pittsburg  Coal  from  Chestnut  Ridge.  Gist's  Run  gives  but  few  exposm-es  of  rock  in  place,  and 
flows  in  the  Barren  Measures.  For  the  last  mile  and  a  half  of  its  course,  having  cut  through  the  separating 
ridge,  it  courses  by  the  foot  of  the  slope,  along  which  ranges  the  outcrop  of  the  Pittsburg  Seam.  The  topography 
changes  gradually  S.,  until,  at  a  point  opposite  Mr  Braddocks,  the  outcrop  of  the  Pittsburg  Seam  is  on  a  gentle 
summit,  from  which,  going  E.,  one  crosses  a  broad  flat,  and  rises  very  gently  upon  Chestnut  Ridge.  This  flat 
continues  but  a  short  distance  S.  of  MrBraddock's,  and  gives  place  to  the  high  land  at  the  head- waters  of  Cover 
Run,  which  is  a  branch  of  Redstone  Creek.  There,  on  the  farm  of  Mr  Pennick,  the  Pittsburg  Seam  is 
opened.  High  on  the  side  of  the  ridge  a  bed  of  coal,  4  feet  thick,  is  said  to  have  been  entered,  and  a  smaller 
bed  at  a  spot  to  the  N.E. 

Proceeding  S.  as  we  approach  the  gorge  of  Shute's  Run,  the  denudation  is  more  considerable,  the  valleys 
deeper,  and  the  hills  sharper.  Shute's  Run  cuts  down  into  the  Vespertine  sandstones.  Opposite  and  above  the 
furnace  the  silicious  and  calcareous  layers  of  the  Umbral  series  are  exposed,  with  the  red  shales  of  that  for- 
mation, and  the  ore  heceafter  to  be  described.  The  ends  of  two  hUls,  cut  ofi"  from  the  main  ridge  by  two  small 
runs,  present  the  strata  of  the  Serai  conglomerate,  which  ai-e  here  of  no  great  thickness,  and  also  the  sandstones 
related  to  the  lower  coal-beds. 

The  upper  coal-bed  (Upper  Freeport  Coal  ?)  is  here  3i-  or  4^-  feet  in  thickness,  and  of  good  quality.  The 
(Mahoning  ?)  Sandstone  is  seen  above  it.  The  other  bed  is  said  to  have  been  also  opened  at  one  time.  An 
occasional  small  exposure  of  shale  or  sandstone  is  all  that  can  be  observed  above,  in  the  Barren  Measures. 

A  reliable  section  along  Redstone  Creek  could  not  be  compUed  from  exposures  upon  the  first  sub- 
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axis,  because  of  their  unfrequency,  the  serpentine  course  of  the  stream,  and  the  obliquity  of  its  traverse  N.W. 
through  the  sub-axis. 

The  length  of  the  course  of  the  stream  from  the  outcrop  of  the  Pittsburg  Seam,  at  water-level,  on  the  one 
side,  to  its  outcroj)  at  water-level  on  the  other,  is  between  8  and  9  miles,  while  a  line  across  the  axis  would  not 
exceed  4  miles.  The  lowest  rock  brought  up  by  the  axis,  as  would  appear  by  a  section,  is  about  30  feet  below 
the  lower  coal.  This  middle  point  of  the  subordinate  axis  is  one  mile  and  three-fourths  below  the  place  called 
Middletown.  The  lower  coal-bed  sinks  E.  below  water-level  a  short  distance  above  Work's  mill ;  and  W.  down 
the  creek  on  Mr  Hill's  land,  where  2|  or  3  feet  of  rich  black  solid  coal  is  mined  from  the  bed  of  the  stream.  Its 
appearance  is  that  peculiar  to  the  class  of  coals  called  Splint  Coals  :  it  is  very  hard,  and  exhibits  no  tendency  to 
columnar  structure,  but  comes  out  in  long  flat  slabs,  which  break  with  rhomboidal  fracture.  Slabs  7  feet  long,  and 
not  more  than  8  or  10  inches  thick,  and  18  inches  wide,  have  been  taken  out  of  the  bed  of  the  creek.  The 
usual  character  of  the  other  thin  coals  (whether  mined  in  flowing  water  or  in  a  dry  hiU-side)  is  that  of  a  soft 
crumbly  mass,  falling  readily  into  a  multitude  of  small  prisms  ranged  in  vertical  columns  across  the  bed. 

The  upper  coal-bed  (Upper  Freeport  Coal)  is  exposed  near  the  sub-axis,  in  a  hollow  to  the  N.  of  Work's 
mill,  and  is  there  from  18  inches  to  3  feet  in  thickness  :  it  is  covered  by  slates  and  shales,  no  sandstone  l^eing 
visible.  This  is  the  most  Western  exposure  of  this  bed  on  the  E.  side  of  the  first  subordinate  axis  :  it  descends 
Eastwardly,  and  disappears  beneath  water-level  at  Bryer's  mill,  near  the  bridge,  a  short  distance  above  Middle- 
town.    It  is  repeatedly  opened  opposite  the  village,  where  it  is  3  feet  thick. 

The  small  seam  above  the  last  mentioned  has  been  opened  near  Mr  Gadden's  residence,  and  is  said  to  have 
exhibited  2^  feet  of  impure  slaty  coal,  fuU  of  sulphuret  of  iron. 

The  sandstone  stratum  between  these  two  coal-beds,  about  40  feet  in  thickness,  is  exposed  upon  the  creek, 
and  extensively  quarried  for  the  grey  micaceous  slabs  which  its  beautifully  regular  stratification  aifords. 

The  dips  on  both  sides  of  the  small  axis  are  very  gentle,  and  the  lower  coal  group  disappears  W.  beneath 
the  creek  near  Sharpless's  mill,  a  few  hundred  yards  below  which  the  Pittsburg  Seam  enters  the  water.  Not 
even  the  upper  members  of  the  Barren  group  are  again  visible  until  we  approach  the  mouth  of  the  Bedstone, 
where  a  few  of  the  strata  immediately  below  the  Pittsburg  Coal-bed  are  brought  up  again  by  the  BrownsvUle 
axis. 

Let  us  resume  the  tracing  of  the  E.  outcrop.  S.  of  the  flat  of  Shute's  Bun,  the  hills  containing  the  Pittsburg 
Coal-seam  become  high,  approach  the  ridge  closely,  and  almost  abut  upon  its  base ;  but  they  recede  from  it 
again,  and  diminish  in  height  as  they  enclose  another  characteristic  flat,  watered  by  the  upper  tributaries  of  the 
Bedstone.  At  Munroe  the  Pittsburg  Seam  is  at  the  water-level,  and  low  hills  rise  over  its  outcrop  ;  it  is  not  seen 
again  until  it  reappears  in  the  hills  to  the  S.  of  the  creek.  All  the  I'ocks  above  and  below  it  have  been  so 
eroded  that  diluvium  completely  conceals  them  from  view. 

The  lower  group  occupying  its  usual  place,  the  large  sandstones  (Mahoning  Sandstone,  &c.)  form  benches 
upon  the  flank  of  the  ridge.  Where  the  National  Boad  crosses  it,  one  of  the  head-branches  of  the  Bedstone  cuts 
down  to  the  red  shales  and  limestone  of  the  Umbral  series,  and  exposes  them  to  view ;  but  none  of  the 
numerous  excavations  for  the  road  have  exposed  even  the  black  soil  of  any  of  the  lower  coal-seams  or  the 
Umbral  ore-bands,  although  the  calcareous  and  sUicious  strata  appear  in  them.  Unsuccessful  but  very  carefid 
search  was  made  for  a  small  coal  outcrop,  said  to  have  been  seen  at  the  run  in  the  gap.  Neither  does  the  other 
head-stream  of  the  Bedstone  (next  S.  of  the  one  mentioned)  give  exposures  of  these  coal-beds,  nor  does  it  pene- 
trate the  strata  to  as  great  a  depth  as  the  other.  Between  these  two  streams  the  lower  sandstones  stand  out  in 
a  high  knob  (apparently  separate  from  the  ridge),  which  is  quite  a  cons23icuous  object  as  seen  from  Uniontown, 
and  from  points  at  a  great  distance  to  the  W.  and  N.  of  it.  This  has  led  to  an  error  in  the  maps  of  the  county, 
where  this  knob  is  represented  as  a  distinct  mountain,  while  it  ^ 
is  in  fact  only  one  of  a  range  of  hills  along  the  side  of  the  "^i^^^L-^l 

mountain,  and  it  is  constructed  like  the  rest,  being  an  isolated   

segment  of  the  lower  sandstones  in  outcrojj ;  but  is  somewhat 

superior  ia  height,  and  has  deeper  traces  of  denudation  around  it.     A  similar  instance  occm-s  farther  S. 
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At  Munroe,  a  (Fig.  476)  represents  a  section  of  the  ridges  from  the  Pittsburg  Coal-bed  to  Chestnut  Ridge. 

One  and  a  half  miles  farther  S.  the  Pittsburg  Coal-seam  crosses 
Jl             "              ^==^^^>—         ^^'^^  Redstone  Creek.    Between  the 
 .^rr=!:?^^-^-^  ^-<g??g>-^''"^          head-waters  of  Lick  Run  and  George's  Creek  the  sandstone 

Fig.  476. — Section  from  Cliestnut  Kidgc  to  the  ^    l       e  J.^       -n  th-  •  t-t 

Pittsbui-g  Coal-seam.  Strata  01  the  Jiarren  Measures  are  seen  lorming  a  sub-ridge, 

elsewhere  swept  away. 

S.  of  the  last  locality  a  wide  valley  begins  and  continues  to  a  point  2  miles  beyond  Oliphant's  furnace,  and 
extending  from  the  base  of  the  Chestnut  Ridge  to  a  range  of  gentle  acclivities,  in  which  the  Pittsburg  Coal-seam 
has  its  outcrop.  The  latter,  however,  sometimes  runs  its  line  of  outcrop  in  the  flat  or  terrace,  but  sometimes 
also  high  upon  the  slope.  The  valley  widens  S.  towards  the  furnace,  and  when  mthin  a  mile  of  it  presents  an 
aspect  as  at  6,  a  knoll  rising  upon  its  surface,  containing  a  fragment  of  the  bed.  At  the  furnace  the  outcrop  is 
half  a  mile  distant  from  the  base  of  Chestnut  Ridge,  the  furnace  itself  standing  at  the  outcrop  of  the  great  sand- 
stones at  its  base.  Two  miles  S.  of  the  furnace  the  flat  terminates  against  a  sloping  spur  of  Chestnut  Ridge 
connecting  it  with  the  acclivities  on  the  W. 

George's  Greek. — Outcrops  of  the  lower  coal-seams  have  nowhere  been  discovered  in  the  transverse  sections 
of  the  sandstone  range  of  hills  or  terraces  upon  the  flank  of  Chestnut  Ridge  along  this  vaUey. 

Haydontown  is  situated  at  the  mouth  of  a  gorge,  by  which  one  of  the  forks  of  George's  Creek  issues  from 
Chestnut  Ridge.    Near  it  one  of  the  lower  seams  is  opened,  but  which  one  we  could  not  ascertain. 

The  S.  fork  of  George's  Creek  flows  through  an  extensive  flat  extending  to  the  forks  at  Woodbridge,  below 
which  the  valley  of  the  creek  is  but  a  narrow  pass  between  the  hills  containing  the  Pittsburg  Coal-bed.  The 
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Fig.  477. 
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woodcuts  (Figs.  477  and  478)  are  intended  to  show  the  shape  of  the  basin  at  George's  Creek  and  at  the  Vii-ginia 
State  line  respectively.    The  creek  exhibits  numerous  exposm-es  of  the  Barren  Measm-es  in  its  course  to  the  river. 

At  Long's  mill,  2  J-  miles  from  the  ridge,  the  Pittsburg  Coal  is  173  feet  above  water-level ;  and  beneath  it, 
45  feet  above  water-level,  is  seen  the  outcrop  of  a  small  coal-seam.  At  the  water's  edge  occur  yellow  slates, 
6  feet  thick,  containing  a  4-inch  band  of  coarse-grained  nodules  of  carbonate  of  iron  ;  upon  these  rest  thin 
layers  of  micaceous  sandstone,  12  feet  thick  ;  yellow  slate,  6  feet  exposed.  Coal,  2  feet,  mentioned  above ; 
roof,  olive  slate,  12  feet ;  strata  horizontal. 

Farther  down  the  creek,  by  the  Morgantown  Road,  sandstone  is  seen,  30  feet  of  it  being  exposed,  and 
underneath  it  a  limestone  stratum  5  feet  thick,  upon  yellow  slate  25  feet.  These  continue  to  exhibit  cliffs 
down  the  creek,  as  at  Crow's  miU.  Above  Geneva,  the  rock  begins  almost  imperceptibly  to  dip  W.  Half  a 
mile  above  Geneva,  the  little  coal-seam  is  125  feet  below  the  Pittsburg  Seam,  and  disappears  beneath  the  creek. 
At  Geneva,  the  sandstone  stratum  beneath  the  Pittsburg  Seam,  which  skirts  the  simimits  of  the  hills,  forms  high 
cmfs  along  their  sides. 

To  the  S.  of  the  head-waters  of  George's  Creek  there  runs  a  small  valley  of  denudation,  along  the  base  of 
Chestnut  Ridge  ;  for  a  space  of  2^  mUes  it  is  terminated  at  the  Virginia  State  line  by  a  transverse  spur  of 
the  ridge.  This  is  watered  by  Rubble's  (M'^CuUoch's)  Run.  On  its  W.  side  runs  a  liigh  range  of  hills,  still 
beyond  which  is  the  range  in  which  the  outcrop  of  the  Pittsburg  Coal-bed  occurs,  the  two  being  separated  by 
the  valley  of  Grassy  Run. 

The  accompanying  sketch  will  explain  the  features  of  the  comitry  better  than  a  description  in  the  text — 
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a  being  the  flat  of  George's  Creek,  m  n  the  Grassy  E,im  and  M'^Culloch's  Run,  v.  L.  the  State  Line,  a  a  the 
outcrop  of  the  Pittsburg  Seam  with  its  openings,  and  Fur.  the  furnace. 

At  6  a  small  coal-seam  is  opened,  and  the  ridge  above  it  is  composed 
of  Barren  Measiires.  At  c  the  Elk-Lick  Coal-bed,  4  feet  thick,  is  opened, 
and  the  ridge  above  it,  composed  of  40  feet  sandstone,  underneath  the 
coal-bed.  It  is  separated  from  Chestnut  Ridge  by  a  deep  and  narrow 
ravine ;  though,  viewed  from  the  W.,  no  such  separation  is  visible,  but  it 
appears  from  thence  to  form  pai  t  of  its  flank.  At  d,  the  Upper  Freeport 
Coals,  and  those  below  it,  are  opened.  Here  there  is  a  deep  cut  in  the  side 
of  the  ridge,  developing  the  Umbral  red  shales  and  rocks  above. 

The  Upper  Freeport  Coal  (liere,  as  elsewhere,  a  double  bed  4  feet 
thick)  is  exposed  in  the  ravine  about  400  yards  above  the  furnace-dam.  Ore 
has  been  obtained  under  the  coal,  and  a  thin  limestone  is  its  associate  rock. 

The  Elk-Lick  Coal,  also  4  feet  thick,  is  opened  below  Mr  Duncan's 
residence,  and  yields  good  coal.  The  second  thin  coal-seam,  seen  above 
the  Elk-Lick  Coal,  crops  out  near  Rubble's  mill,  down  the  run  which  flows 
from  thence  through  the  Barren  Measm-es  to  its  mouth,  while  the  Pittsburg  Coal  everywhere  occurs  near  the 
summits  of  the  hills  on  either  side,  and  in  a  similar  position  along  Cheat  River.  Here  the  rocks  gradually  rise 
W.,  untd,  at  the  mouth  of  the  river,  the  Pittsburg  Coal-bed  is  371  feet  above  water-level.  The  lower  coal-beds 
are  nowhere  exposed  along  the  river. 

Before  passing  to  the  detailed  description  of  the  Pittsburg  and  upper  coal-beds,  a  few  words  must  be  said 
about  the  general  structure  of  the  surface,  from  one  large  creek  to  another,  along  the  sub-axes.  The  pre- 
ceding description  has  been  almost  wholly  confined  to  the  sections  developed  in  the  deep  thorough-cuts  made 
by  those  streams.    We  begin  with  the  first  sub-axis  at  the  Conemaugh. 

A  series  of  high  irregular  hills,  composed  of  the  Barren  Measures,  marks  the  course  of  the  first  sub-axis  to 
the  Loyalhanna.  In  the  hollows  between  these  hills  occur  fi-equent  exposm-es  of  the  upper  portions  of  this 
gi'oup,  but  the  lower  coal-beds  are  never  seen.  Between  the  Loyalhanna  and  Sewickly  Creek  the  axis  is  still 
more  plainly  traceable  by  a  similar  series  of  hills,  especially  if  seen  from  Chestnut  Ridge.  Among  the  hills  the 
red  and  variegated  shales  of  the  Barren  Measures  are  commonly  traceable  with  some  of  the  massive  sandstone 
strata  along  the  runs.  The  thin  coal-beds  in  that  series  frequently  exhibit  the  Ijlack  lines  of  their  outcrop  ;  but 
none  of  the  ravines,  except  those  close  to  the  two  main  streams,  sink  to  the  lower  coals.  On  some  of  the  highest 
summits  a  sandstone  is  observable,  which  there  is  reason  to  believe  is  identical  with  the  first  massive  stratum 
beneath  the  Pittsburg  Coal-bed ;  also  in  the  deepest  ravines  there  is  one,  which  is  probably  the  Mahoning 
Sandstone,  above  the  Upper  Freeport  Coal. 

The  hiUs  of  the  axis  on  either  side  of  the  Sewickly  (where  its  course  is  along  the  axis)  are  very  high, 
especially  those  on  the  E.  side.  Near  New  Staunton  one  of  the  thin  Barren  Measure  coal-beds  has  been  opened 
with  a  thickness  of  18  inches  ;  it  is  full  of  sulphuret  of  iron. 

From  this  point  to  Jacob's  Creek  the  axis  is  not  so  apparent  along  the  surface,  but  is  still  distinguishable 
when  its  hills  are  compared  wdth  those  of  the  troughs  on  each  side.  Here  the  red  shales  are  quite  thick  ;  they  fre- 
quently occur  on  the  hill-sides,  and  display  here  and  there  the  unopened  outcrops  of  the  thin  coal-seams. 

Jacob's  Creek  cuts  down  nearly  to  the  Serai  conglomerate.  S.  of  it  the  line  of  axis  traverses  very  high  ground, 
called  Brush  Ridge,  which  is  sandy  and  barren,  from  the  disintegration  of  the  Mahoning  Sandstone,  which  forms 
the  arching  rock.    Here  the  first  sub-axis  seems  to  be  at  its  widest. 

From  the  Youghiogheny  to  the  Redstone  the  axis  is  not  very  plainly  marked  on  the  surface.  Very  high 
knobs  denote  it  on  the  Youghiogheny  River.  The  Mahoning  Sandstone  appears  in  the  deepest  ravines  ;  the 
Upper  Barren  Measures  form  the  rest  of  the  surface.  Approaching  the  Redstone,  the  land  declines  in  altitude 
as  the  axis  is  sinking  and  spreading  out.  S.  of  Redstone  Creek  the  axis  continues  gradually  to  sink  ;  the  outcrops 
of  the  Pittsburg  Coal-bed  on  each  side  of  it  approach  each  other,  and  meet  at  a  point  2  mUes  S.  of  the  National 
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Road,  beyond  which  that  coal-bed  arches  over  the  now  almost  vanished  axis.  At  Redstone  Creek  there  are 
many  deep  lateral  depressions  which  cut  down  to  the  Mahoning  Sandstone,  but  the  lower  coals  nowhere  come  up 
much  to  the  S.  of  the  valley  of  this  creek.  The  axis  is  barely  determinable  where  it  crosses  the  Monongahela 
River  below  the  mouth  of  Cheat  River. 

The  second  suborduiate  axis  causes  the  valleys  of  the  Loyalhanna,  Beaver  Dam  Run,  Brash  Creek,  and 
Little  Sewickly,  to  present  exposures  of  the  Barren  Measures,  but  not  of  the  lower  coal-beds,  except  the  Loyal- 
hanna, which,  as  we  have  seen,  displays  them  also.  Here  and  there  the  smut  along  the  crops  of  the  thin  coal- 
seams  of  the  Barren  Measiu-es  is  seen  on  the  sides  of  the  hills,  which,  when  beheld  from  one  of  the  knobs  alono- 
the  line  of  the  first  sub-axis,  mark  the  line  of  the  second  sub-axis.  From  certain  points  this  range  looks  like  a 
reg-ular  but  very  low  ridge,  broken  at  intervals  by  gentle  depressions.  It  does  not  seem  to  have  suffered  so 
much  from  denuding  agencies  as  the  first  sub-axis,  except  towards  its  termination,  where  it  has  been  deeply 
trenched.  A  barren  soil  marks  its  whole  course,  tlie  hills  being  composed  of  the  sandstones  and  sUicious  shales 
of  the  Barren  Measures  ;  but  along  each  side  runs  a  strip  of  excellent  land,  the  soil  of  which  owes  its  fertility  to 
the  outcrop  of  the  upper  shales  and  limestone  strata  under  the  Pittsburg  Coal-bed.  These  alternatino-  belts  are 
strikingly  contrasted.    The  Greensburg  and  Pittsburg  Turnpike  crosses  the  second  sub-axis  near  GrapeviUa 
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1.— PITTSBURG  COAL-BED,  AND  THE  ROCKS  ABOVE  IT,  IN  THE  THIRD 
BASIN  S.  OF  THE  CONEMAUGH. 

The  upper  group  of  Coal-measures,  with  the  Pittsburg  Coal-bed  for  its  base,  occupies  the  central  region  of 
the  first  subdivision  of  the  Third  Basin,  between  Chestnut  Ridge  and  the  first  anticlinal 
sub-axis  to  the  W.  of  it,  from  the  Conemangh  River  to  the  Virginia  Hne,  sometimes  occupy- 
ing a  very  narrow  strip  of  surface,  of  small  thickness,  and  again,  where  it  is  of  greater  thick- 
ness, spreading  over  a  wider  belt.  In  describing  it,  the  Eastern  and  Western  outcrops  wUl 
be  traced  from  stream  to  stream. 

Upon  the  Conemangh  (as  will  be  seen  by  a  reference  to  Fig.  480),  at  and  opposite 
to  Blairsville,  there  are  very  few  rocks  above  the  Pittsburg  Coal-bed  preserved  in  this 
basin.    A  Section  here  includes  the  foUomng  strata : — 

Yellow  aud  olive  Slates,  with  sandstone,  35  feet ;  Limestone,  4  feet ;  Coarse  Sandstone' 
irregularly  stratified,  50  feet  ;  Black  Shale,  6  feet,  with  Coal,  1  foot ;  Coal,  6|  feet  ;  Black  Slate, 
2  feet ;  Coal,  1  foot ;  Dark -blue  Shale,  with  irou  nodules,  3  feet ;  Micaceous  Sandstone,  grey  thin  strata,  20  feet ;  Lime- 
stone, with  shaly  layers,  12  feet,  &c. 

The  Pittsbu.rg  Coal  is  finely  exposed  with  its  superposed  sandstone  at  the  mouth  of  Llf^Gee's  Run,  6  feet 
in  thickness :  beneath  it  yellow  slate  and  sandstone,  10  feet ;  then  limestone  -vvith  interposed  layers  of  blue 
slate,  8  feet ;  then  yellow  and  blue  slate,  15  feet. — (See  Fig.  481). 

At  one  exposure  the  coal  is  divided  (as  in  Fig.  482)  thus  : — 

Coal ;  black  Slate,  1  foot;  Coal,  18  inches ;  Shale,  containing  nodules  of  carbonate  of  iron 
and  carbonate  of  lime,  1 8  inches  ;  Yellow  Slate. 

The  scattered  nodules  have  become  a  solid  bed  of  hmestone  2  feet  in  thickness,  and 
separated  from  the  floor  of  the  coal-bed  by  a  few  feet  of  slate.    Beneath  the  coal  ai'e — 

Black  Slate,  1  foot  ;  Nodules  of  iron  and  limestone,  18  inches  ;  Blue  Shale,  6  inches  ;  Nodules 
of  Limestone,  1  foot ;  Blue  Shale,  IS  inches;  Blue  Slate,  3  feet. 

At  Wallace's  Mill,  a  short  distance  S.W.  of  the  mouth  of  the  Run,  the  coal  is  G  feet 

thick,  but  over  it  rest  shale  and  sandstone,  20  feet :  then  limestone  in  two  beds  5  feet  thick. 
Fig.  482.  '  ' 
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Fig.  484.— Pittsburg 
Coal-Seaiii. 
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Fig.  483.— Pittsburg 
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Fig.  486. — Conemaugh. 


Fig.  485. — Loyal- 
hanna River. 


The  sandstone  at  the  river  has  here  been  subjected  to  one  of  its  local  changes  (Tig.  483).   At  the  mill,  1  mUe  S. 
of  Wallace's  mdl,  the  coal,  6  feet  thick,  rests  upon  sandstone,  while  the  rough  brownish-grey 
Pittsburg  Sandstone  is  seen  in  the  hill  above.  The  dip  is  here  to  the  N.W.,  at  a  sensible  angle- 
From  this  point  to  Derry  there  are  few  exposures  of  the  coal-bed.    Half  a  mde  to 
the  E.  of  Derry,  it  is  opened,  and  is  7  feet  thick  ;  it  is  also  frequently 
opened  between  this  point  and  the  Loyalhanna.  At  Mr  Shall's  bank  it  is 
8  feet  thick,  having  much  shale  and  slate-rock,  containing  a  few  silicious  layers  over  it. 
dips  under  water-level  on  the  Loyalhanna  Creek  above  Baldridge's  mill. 

Upon  its  Western  outcrop,  between  the  Conemaugh  and  Loyalhanna,  the  Pittsburg 
Coal  has  numerous  openings.  They  follow  its  gradual  rise  along  the  river  Westward.  Oppo- 
site Blairs villa  it  is  115  feet  above  the  water-line.  Above  the  coal  are  yellow  and  bluish 
shale  12  feet,  coarse  grey  massive  sandstone,  irregularly  stratified,  and 
weathering  with  roundish  holes,  30  feet  ;  limestone,  yellowish,  impure,  4 
feet ;  and  yellow  and  olive  shales,  35  feet.  The  hill  rises  to  a  considerable 
height  above,  but  presents  no  farther  exposures. — (See  Fig.  486.) 

The  distance  between  its  Eastern  and  Western  outcrops  increases  South- 
ward, the  basin  deepening,  and  permitting  a  second  superior  limestone  to 
come  in,  as  seen  iu  Fig.  485. 

At  New  Derry,  6  rmles  S.  of  Loyalhanna  and  Blairsville,  the  distance  across  the  area  of 
the  bed  is  1|  miles. 

There  are  a  nmnber  of  openings  4  miles  W.  of  New  Derry,  under  an  elevation,  called  the 
Barrens,  formed  of  the  Pittsburg  Sandstone  above  the  coal.    The  bed  is  7i  feet  thick,  a  thin  seam  of  slate 
separating  the  lower  2  feet  of  coal  as  an  under  bench  (Fig.  487)  ;  the  roof  is  of  black  slate 
containing  thin  layers  of  coal.    The  dijj  is  gently  Eastward,  but  the  bed,  as  exposed  along 
the  Little  Run,  exhibits  several  wrinkles  or  gentle  undulations. 

South-westward  to  the  Loyalhanna,  openings  are  numerous ;  the  bed,  after  reaching 
the  Creek,  descends  slowly  in  an  Eastwardly  course  to  the  water,  under  which  it  dips 
at  Chambers's  mill,  about  300  yards  W.  of  the  centre  line  of  the  trough.  Here  is  seen,  beneath  the  coal, 
slate  8  feet  thick  ;  resting  upon  limestone,  6  feet  (see  Fig.  488).  The  Pittsburg  Coal  itself  is 
about  8^  feet  thick,  the  Pittsburg  Sandstone  above  it  forms  the  banks  of  the  creek,  back  of 
which,  to  the  N.  and  S.,  along  the  centre  of  the  trough,  there  stretches  a  beautifully  level 
country,  presenting  no  rock-exposures  higher  in  the  series.  About  a  fourth  of  a  mile  below  Bald- 
ridge's mill,  however,  we  have  exposures  (Fig.  486)  as  follows  : — 

Limestone,  in  thick  layers,  8  feet,  exposed  at  the  summit  of  the  hill,  about  100  feet  above 
the  Pittsburg  Coal  ;  Interval ;  Olive  and  yellow  Slate,  with  sandstone  strata,  15  feet ;  Yellow 
silicious  Slates,  25  feet;  Dark-blue  Slate,  upper  part  silicious,  15  feet;  Yellow  Slate,  with  limestone  in  alternatiug 
layers,  4  feet  ;  Coarse-grey  Sandstone,  with  occasional  layers  of  slate  between  it  and  the  coal,  20  feet  out  of  lO 
exposed.   Pittshurrf  Coal,  8  feet.    Beneath  it,  80  feet,  with  no  exposures. 

Along  the  middle  of  the  trough  the  hiUs  are  generally  composed  of  the  sandstones  and  shales  above  the  first 
limestone-band,  and  in  these  are  occasionally  seen  the  smuts  of  one  or  two  small  coal-beds,  nowhere  opened. 
These  coal-beds  are  doubtless  the  equivalents  of  the  first  two  thin  coal-beds  of  this  upper  group,  viz.  the  Redstone 
and  Sewickly  seams. 


Fig.  487. 


Fig.  488. 


2.— PITTSBURG  COAL  S.  OF  THE  LOYALHANNA— FIRST  SUB -BASIN. 


This  bed  appears  at  Baldridge,  in  the  bank,  500  yards  above  the  mill,  upon  a  stream  which  flows  into  the 
Loyalhanna.  The  coal,  as  opened,  is  between  7  and  8  feet  in  thickness ;  sandstone  in  some  places  rests  imme- 
diately upon  the  coal,  at  others  it  is  parted  from  it  by  5  or  6  feet  of  slate.  The  coal-bed  ranges  through  the 
adjoining  hill,  and  issues  upon  its  Eastern  face  on  the  Greensburg  Turnpike,  where  it  is  8  feet  thick.  There  are 
many  openings  upon  the  Eastern  outcrop  besides  this  one. 
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PITTSBURG  COAL,  SOUTH  OF  LOYALHANNA. 


Half  a  mile  from  Youngstown,  20  feet  of  blue  and  blackish  slate  rest  upon  the  coal,  while  but  a  short  dis- 
tance oflF,  at  the  creek,  coarse  sandstone  occupies  the  same  interval. — (See  Fig.  491.) 

Two  and  a  half  mdes  S.W.  of  Youngstown,  a  range  of  hiUs,  too  low  to  receive  the 
Pittsburg  Coal  at  their  .summits,  lie  between  the  Chestnut  Ridge  and  the  high  lands  in  the 
centre  of  the  trough,  at  the  very  base  of  which  the  Pittsburg  Coal  shows  its  outcrop. 

Fig.  489.— Pittsburg  Coal,        .    .     ,  tit     >t-  i    i.    i      i        i  ^ 

NichorsBank.         This  IS  the  case  at  Mr  JNichols  bank,  where  the  seam  measures  8  feet,  with  a  stratum 
of  alternating  coal  and  slate  3  feet  more  above  it,  as  in  Fig.  489.    This  is  perhaps  a  mile  Eastward 
of  Pleasant  Unity.    Openings  are  numerous  from  thence  to  the  Big  Sewickly  Creek, 
"  0  !i  0     along  both  sides  of  the  valley  of  which  the  seam  is  frequently  exposed  and  mined.  At 

7  6-8  0  -^BIhbI         Fisher's  mill,  upon  the  Sewickly  Creek,  the  second  limestone  above  the  Pittsbm-g  Coal, 
at  water-level,  and  nearly  horizontal,  is  composed  of  four  strata  ;  the  uppermost  is  3  feet 
thick,  the  next  16  inches,  next  12  inches,  lowest  2  feet.  Eighteen  inches  of  .slate  separate 
these  from  two  more,  each  6  inches  tliick.    Some  of  these  layers  are  of  a  bright  ochre  yellow,  others  a  pure  blue. 

A  mUe  below  the  mUl,  a  coal-bed  5  feet  thick  appears  (Fig.  491),  which  is  doubt- 
less the  Sewickly  Bed,  covered  by  dark-blue  and  brownish  slates,  20  feet ;  below  it  are 
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Fig.  491. — Sewickly  Creek. 


hard  bluish-grey  slates.  The  coal  is  solid  and  pure,  richly  bituminous,  and  free  from 
slate.  The  height  at  which  it  stands  above  the  Pittsburg  Coal  is  rather  doubtful.  At 
first  it  was  estimated  at  45  or  50  feet,  but,  allowance  being  made  for  dip,  it  may  be  nearer 
80  feet.  In  this  interval  we  find  micaceous  sandstone  12  feet  exposed  ;  the  latter  rest- 
ing upon  the  Pittsbm-g  Coal,  here  9  feet  thick,  and  occupying,  where  first  seen,  the 
bottom  of  the  creek. 

Upon  the  Western  outcrop,  the  Pittsburg  Coal  rises  along  the  Southern  side  of  the 
Loyalhanna  Valley,  from  Chambers's  mill,  with  a  dip  of  10°  to  13°.  It  is  cut  at  Beatty's 
Station  of  the  Pennsylvania  Railroad,  and  is  frequently  drifted  in  upon  at  points  between 
the  creek  and  the  Greensburg  Tui-npike.  It  always  pelds  about  8  feet  of  coal,  and  has 
usually,  as  its  roof,  a  stratum  half  slate,  half  coal,  and  from  2  to  3  feet  in  thickness.  It 
crosses  the  turnpike  near  the  sixth  milestone.  Over  it  here  is  a  mass  of  brownish  shale  in 
place  of  the  coarse-grained  Pittsbmg  Sandstone. 

At  the  coal-banks  S.  of  the  Tm-upike  it  is  8  feet  thick,  and  bears  its  upper  slaty  member,  but  dips  more 
steeply  than  usual.  Southward  it  is  opened  at  several  banks,  and  at  last  in  a  deep  ravine,  cutting  down  to  the 
Sewickly.    It  passes  this  ravine,  however.  Westward,  and  is  mined  on  the  hUl  overlooking  the  first  sub-axis. 

The  two  ranges  of  outcrop  are,  in  this  section  of  the  trough,  distant  from  each  other  from  1|  miles  in  the 
deepest  ravines  to  2^  in  the  highest  land. 

Upon  the  Loyalhanna  we  have  107  feet  of  rocks  above  the  Pittsburg  Coal.  The  highest  rock  in  this  dis- 
trict is  a  limestone,  capping  a  hiU  about  one-fourth  of  a  mile  below  Baldridge's  mill.  Higher  rocks  lie  imexposed 
in  the  more  central  summits  of  the  trough  ;  these  are  principally  olive  and  yellow  slates  and  sandstones.  The 
side-hills  N.  of  the  turnpike  do  not  rise  to  any  great  height,  being  usually  capped  by  the  limestone  when  the 
Pittsburg  Coal  is  mined  in  the  bottom  of  the  ravines.  Tlie  hUls  more  in  the  centre  exhibit  the  limestone  in  their 
rav^es,  and  are  themselves  built  up  of  superior  rocks. 

These  central  hills  Southward  of  the  turnpike  become  very  lofty,  and  near  their  summits  is  seen  the  out- 
crop of  another  coal-bed,  which  may  be  the  Uniontown  Coal.  The  hills  decline  again  as  we  approach  the  VixUey 
of  the  Sewickly  Creek,  and  contain  two  outcrops  of  apparently  thin  seams  above  the  first  liinestone-bed,  and 
one  between  it  and  the  Pittsburg  Seam.  The  limestone  descends  both  ways  to  the  level  of  the  water  of  the 
Sewickly  Creek,  and  is  estimated  to  be  170  feet  above  the  Pittsburg  Coal. — (See  Fig.  491). 


3.— THE  PITTSBUEG  COAL-BED  SOUTHWARD  OF  THE  SEWICKLY. 


The  E.  outcrop  of  the  Pittsburg  Coal,  after  passing  the  Sewickly,  approaches  closely  to  Chestnut  Ridge, 
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Fio.  492.— Lemon's 
Coal. 


Fig.  493.— Moyer'.s 
Coal. 


It  is 


and  ranges  along  the  first  line  of  hills  facing  the  ridge.    Openings  upon  it  are  numerous.    At  Lemon's  bank  the 
bed  measures  8^  feet,  upon  which  is  1  foot  of  black  slate,  and  upon  this  again  coal,  with 
thin  layers  of  slate,  3  feet  thick  ;  this  is  covered  by  1  foot  of  slate,  and  then  the  Pittsburg  Sand- 
stone (see  Fig.  492).    At  Mr  Moyer's  bank,  1  mile  S.W.  of  the  last,  8  feet  of  coal  are  covered 
by  coal  and  slate  interlayers  4  feet  in  thickness. 

Towards  Jacob's  Creek  it  is  frequently  mined,  as  at  Hooker's  and  Lobinger's  banks  (the 
latter  on  the  turnpike),  where  the  coal  and  slate  top-bench  are  also  4  feet  thick.  This  general  feature  varies  in 
diflFerent  localities  only  in  the  proportions  maintained  to  each  other  by  the  coal  and  slate.  At 
Jacob's  Creek  the  Pittsbm-g  Coal  descends  along  the  stream  with  a  dip  of  8"  or  10°,  and  is 
opened  on  Mr  Sharp's  farm  (where  5  feet  of  slate  and  coal  form  tlie  upper  member),  and  at 
Moyer's  bank,  300  yards  below  Meshoyer's  mill,  20  feet  above  water-level.  Here  it  is  10 
feet  thick,  with  4  feet  of  coal  and  slate  above  it  (see  Fig.  493).  At  Terisman's  it  is  but  8  feet 
above  the  water,  and  of  the  usual  size,  and  dips  beneath  the  water  below  the  mouth  of  Green  Lick  Run. 
opened  also  half  a  mile  N.  of  "  the  Chain  Bridge." 

There  are  other  openings  upon  a  stream  that  enters  Jacob's  Creek  at  the  bend  below  the  bridge.  The  bed 
passes  through  the  hUl  to  the  W.,  and  is  opened  at  Overholt's  miU  in  the  next  parallel  ravine,  and  almost  upon 
a  horizontal  plane,  and  might  be  opened  at  the  end  of  the  hill  near  Jacob's  Creek.  It  rises  rapidly  through  the 
next  hills  W.,  and  soon  caps  the  hUls,  and  outcrops  towards  the  next  sub-axis. 

Upon  its  W.  outcrop  the  Pittsburg  Coal-bed  was  opened  one-fourth  of  a  mile  below 
its  first  reappearance  upon  Sewickly  Creek,  with  a  dip  of  2° — it  was  85  feet  thick  ;  roof  bluish 
slate,  with  thin  coal-layers,  2|  feet ;  on  this,  coal  with  thin  slate-layers,  2^  feet ;  yellow  slate, 
8  feet  exposed  (see  Fig.  494).  Twenty  feet  beneath  it  there  is  a  small  exposure  of  Lime- 
stone. 

Half  a  mile  S.  of  the  creek,  at  Mr  Byer's  bank,  it  measures  9  feet  in  its  lower  member,  and  5^  in  its  upper 
one,  somewhat  subdivided,  and  containing  very  little  slate  (see  Fig.  495).    At  the  next  bank 
the  upper  member  is  4  feet  thick  ;  and  stUl  farther  S.,  and  at  a  number  of  the  openings 
between  this  place  and  the  turnpike,  it  exhibits  the  same  features. 

At  the  tm-npike,  li  miles  W.  of  Mount  Pleasant,  it  yields  9  feet  of  coal  as  before  ;  but  495.— Byers  Coal, 
over  this  are  18  inches  of  bluish  slate,  and  over  this  again  4  feet  of  coal  and  slate,  the  dip  being  8°  or  10°  E., 
2.5°  S.  From  hence  to  Jacob's  Creek  are  numerous  banks,  the  last  being  at  the  steam  sawmill,  2^  miles  S.W. 
from  Mount  Pleasant,  and  not  far  above  water-level.  W.  of  this,  it  is  opened  high  up  upon  the  hUls,  as  at 
Funk's.  Stoufl&n's  opening  is  in  a  small  valley,  which  cuts  deep  into  the  rocks  of  the  synclinal  trough.  When 
within  2  mUes  of  Jacob's  Creek,  it  is  opened  in  tlie  summit  of  a  high  hUl  belonging  to  Mr  Mangmaugh. 
Hence  it  descends  to  Overholt's  mill  (before  noticed)  with  a  dip  of  six  degrees. 


Fig.  494. 


4.— EOCKS  ABOVE  THE  PITTSBURG  COAL,  SOUTH  OF  THE  SEWICKLY  CREEK, 
IN  THE  FIRST  SUBDIVISION  OF  THE  THIRD  BASIN. 

The  limestone  of  the  middle  of  the  section  upon  the  Sewickly,  as  was  before  said,  descends  to  water-level. 
Above  it,  in  the  middle  of  the  basin,  the  hUls  rise  to  a  gi-eat  height,  containing  another  limestone  stratum,  and 
another  coal-bed  large  enough  to  be  worked  in  a  number  of  places.  Fig.  496  is  designed  to  show  these  in  their 
order;  the  intervals  are  not  measured,  but  estimated,  the  lower  two  with  a  levelling  instrument  to  assist  the 
eye.  The  whole  group  occurs  in  but  few  hills  between  Jacob's  Creek  and  the  Sewickly.  The  section  reads  as 
follows  : — 

Sandstone  and  Slate,  at  the  top  of  the  highest  hills,  70  feet.  Coal,  5^  to  6  feet ;  Sandstone  and  Shale,  50  (?) 
feet.  Lumstone  C,  8  feet ;  Yellow  olive  Slates  and  Sandstones  60  (1)  feet.  Limestone  B.,  8  feet ;  Slates,  Sandstones,  and 
Shales,  exposed  along  the  creek,  100  (?)  feet.  Coal,  Sewickly,  4^  feet ;  Slates  and  Sandstones,  80  (!)  feet.  Pittsburg 
Coal,  two  members,  lower  one,  9  feet.    Total,  387  feet. 
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The  Sewickly  Coal  is  opened  on  the  N.  side  (see  Fig.  491),  and  once  again  S.  of  the  Sewickly  at  Ikir 
Hurst's,  and  its  outcrop  repeatedly  appears  elsewhere. 

The  limestone  above  it  is  frequently  exposed  along  its  E.  outcrop,  in  the  hills  that 
succeed  the  range  containing  the  Pittsburg  CoaL  Eight  or  nine  feet  of  it  are  seen  on  the 
Clay  Turnpike  and  near  ]\lount  Pleasant ;  but  its  outcrop  does  not  approach  Jacob's 
Creek  very  closely,  owing  to  the  denudation  in  that  part  of  the  basin  of  these  upper 
measm-es.    It  is  also  frequently  quarried  along  its  W.  outcrop. 

The  upper  limestone  is  seldom  conspicuous,  and  crops  out  only  in  the  highest  hills 
of  the  centre  of  the  trough.  It  is  quite  a  pure  limestone,  but  its  thickness  is  doubtful  It 
is  exposed  a  short  distance  N.  of  Mount  Pleasant,  and  near  the  Presbyterian  Chirrch 
3  miles  N.,  as  well  as  in  a  few  spots  S.  of  the  town. 

The  Uniontown  Coal-bed  (as  we  shall  caU  it,  though  its  identity  is  not  certain)  is  oh 
feet  in  thickness  ;  is  the  highest  observable  coal  in  the  district :  it  is  worked  on  Mr 
Eeynolds'  land,  at  about  a  mile  and  a  half  S.  of  the  Sewickly  Creek,  near  the  siunmit  of 
the  highest  hills  alono;  the  central  line  of  the  basin. 

Here  it  jdelds  a  somewhat  soft  coal,  for  want  of  a  good  roofing,  to  prevent  the  small 
quantity  of  pyrites  which  it  contains  from  decomposing  and  breaking  up  the  coaL  It 
was  also  opened  on  the  summit  of  the  first  hUl  S.  of  the  Sewickly.  The  high  hiEs  to 
the  W.  of  Mr  Reynolds'  bank  doubtless  contain  the  same  bed,  and  would  afford  a  better 
covering,  and  therefore  better  coal.  Two  miles  S.W.  from  Mr  Reynolds'  it  was  also 
opened,  and  measured,  on  examination,  6  feet  of  coal,  with  much  interlaminated  slate. 
It  is  opened  again  at  the  high  hiUs  2  miles  N.  of  Mount  Pleasant,  and  roofed  by  a  thin 
broMTi  shale  ;  it  yields  5  feet  of  soft  coal.  An  exposure  of  limestone  may  be  seen  400 
yards  N.  of  the  bank.  Near  Moimt  Pleasant  there  appears  to  be  an  old  opening  upon  the 
coal-bed. 

The  high  hills  S.  of  Mount  Pleasant  do  not  take  in  the  coal-bed,  though  they  frequently  exhibit  the  outcrop 
of  the  limestone  below  it. 

The  rocks  above  the  Uniontown  Coal-bed  are  chiefly  yellow  and  olive  slates  and  shales,  in  some  bands 
almost  black. 

5.— PITTSBUEG  COAL,  SOUTH  OF  JACOB'S  CREEK. 

From  the  land  on  the  E.  side  of  Jacob's  Creek,  for  half  a  mile  below  the  "  Chain  Bridge,"  the  Pittsburg 
Coal-bed  has  been  swept  away,  with  the  exception  of  a  small  round  hill,  a  short  distance  above  the  bridge,  which 
is  capped  by  it.  From  thence  the  E.  outcrop  of  the  coal-bed  crosses  Jacob's  Creek,  upon  the  central 
line  of  the  trough,  60  feet  above  the  water,  and  rises  gently  S.  It  is  wrought  three-fourths  of  a  mile  S.W.  of 
the  bridge,  and  where  it  crosses  the  road  from  Mount  Pleasant  to  CouneUsville,  Ih  miles  from  the  bridge.  It 
might  be  worked  in  the  hill  between  this  place  and  the  spot  where  it  recrosses  the  same 
road  farther  on.  Beyond  this  latter  point  it  bears  away  S.W.,  receding  constantly  from  Chest- 
FiG.  497.— Mount's  nut  Ridge.  Along  this  line  it  has  been  opened  by  Mr  J.  Shark  and  Mr  G.  Kelly ;  the  coal  is 
Creek.  q  ^^^^  thick,  and  the  coal  and  slate  above,  S  feet  (see  Fig.  497)  ;  also  by  several  persons  4  miles 
N.  of  Connellsville,  where  the  coal  measures  9  feet,  capped  by  coal  and  slate  above  4  feet  high  on  the  hiU 
at  the  base  of  which  appear  the  variegated  red-shale  bands  of  the  Barren  Measures,  and  where  Mount's  Creek 
cuts  into  the  trough,  2  miles  from  Connellsville  ;  then  leaping  across  the  valley  of  Mount's  Creek  and  White's 
Run,  it  appeal's  on  the  N.  side  of  the  hills  S.  of  the  former.  It  crosses  the  Connells\aUe  Road  a  short  distance 
S.  of  White's  Run,  and  is  opened  at  the  road,  and  again*  near  the  simimit  of  the  hiU.  It  again  crosses  to  the  W. 
side  of  Mount's  Creek,  which  for  a  mile  and  a  quarter  has  scooped  its  vaUey  out  of  rocks  lying  above  the  Pitts- 
burg Coal-bed,  the  limestone  far  above  it  forming  the  summit-rocks  of  its  side-hills.  WTiere  the  Pittsburg  Coal 
recrosses  the  creek,  it  forms  the  bed  of  the  stream  for  a  considerable  distance.    After  rising  to  the  hill-side,  to 
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pursue  its  S.W.  course,  it  is  frequently  opened  by  citizens  of  Connellsville  owning  lands  along  its  outcrop.  It 
yields  9  feet  of  solid  coal  in  its  lower  member ;  and  the  openings  are  so  constructed  that  large  waggons  are 
diiven  into  them.    At  one  point  a  slide  exhibits  the  rocks  above,  as  expressed  by  Fig.  498,  namely  : — 

Coal,  9  feet ;  above  it  blue  Shale,  6  inches.    Coal,  15  inches;  Blue  Shale,  7  inches;  Coal,  1  foot;  Blue  Slate, 
14  feet.    Coal,  12  to  15  inches;  and  upon  this  blue  Slate,  12  feet. 

The  one-foot  coal-bed  may  be  considered  as  the  Redstone  Coal,  but  neither  the  Great 
Limestone  nor  the  Pittsburg  Limestone  manifest  their  presence  at  all.  In  Fig.  499 
thin  bands  of  sandstone  are  shown  above  the  coal. 

The  outcrop  of  the  Pittsburg  Coal  again  crosses  Mount's  Creek,  at  above  one-fourth 
of  a  mUe  from  its  mouth,  and  then  the  river  a  few  huncked  yards  above  the  point  of  junc- 
tion of  the  two  streams.  The  triangle  thus  cut  oflF  contains  a  round  hill,  through  wliich 
the  plane  of  the  Pittsburg  Coal-bed  passes  :  this  has  been  nearly  exhausted  of  its  coal  by 
the  Gibson  Bank  gangway,  about  350  yards  below  the  bridge  at  Connellsville.  Fig.  499 
gives  its  thickness  and  character,  the  lower  bench  being  9 j  feet  of  solid  coal ;  the  upper  member  4J  feet  of  coal 
and  slate,  with  12  inches  of  slate  between  the  two. 

Upon  its  W.  outcrop,  the  Pittsburg  Coal-bed  has  been  opened  in  numerous  places  S. 
of  Jacob's  Creek,  at  Wade  and  FuUerton's  mill,  80  feet  above  the  creek-level — coal  usual 
size  ;  and  near  Jacob's  Creek  Mill,  where  the  creek  flows  directly  towards  the  first  sub-axis. 

After  leaving  Jacob's  Ci-eek,  it  was  opened  by  Mr  Hurst  and  others  along  a  draught 
coming  down  from  the  W.  There  is  near  Mr  Hurst's  house  a  single  hiU  composed  of  rocks 
above  the  Pittsburg  Coal,  standing  at  the  head  of  a  valley  which  extends  S.  into  the  Youghiogheny  at  Lobinger's 
salt-well,  Sh  miles  below  Connellsville.  The  seam  is  opened  on  both  sides  of  this  little  valley.  It  caps  a  hill  half  a 
mUe  to  the  W.  of  Mr  Hurst's,  and  leads  its  W.  outcrop  S.  upon  the  Youghiogheny,  500  yards  below  Lobinger's 
salt-weU.  Mr  Taylor  opened  it  at  40  feet  above  the  water-level ;  and  other  openings  are  made  into  it  at  different 
levels  as  it  declines  gently  E.  up  the  river-bank.  At  the  salt-weU  it  stands  4  feet  above  the  water.  The  roU, 
once  before  described,  lifts  it  again  about  30  feet,  and  allows  it  once  more  to  descend  and  disappear  at  the 
Broad  Fording,  to  emerge  at  Connellsville. 

From  its  disappearance  at  the  Broad  Ford,  to  its  reappearance  below  Connellsville,  the  distance  is  about  one 
mile  and  a  fourth  ;  but  across,  in  a  straight  line  from  one  outcrop  to  the  other,  is  not  more  than  three-fourths  of 
a  mUe.    It  everywhere  retains  one  uniform  aspect. 

North  of  the  Broad  Fording,  a  ravine  comes  down  into  the  valley  of  the  river,  and 
along  its  sides  the  Pittsburg  Coal-bed  has  been  repeatedly  wrought. 

The  mass  of  rocks  above  the  Pittsburg  Coal,  between  Jacob's  Creek  and  the  You- 
ghiogheny River,  is  not  of  considerable  thickness,  particularly  on  approaching  Jacob's 
Creek.  The  strata  immediately  superposed  are  for  the  most  part  slates  and  shales,  the 
Pittsburg  Sandstone  nowhere  making  its  appearance. 

The  Sewickly  Coal-bed  shows  its  outcrop  in  a  few  places,  as  at  Shoemaker's  Bank 
upon  the  E.  line  of  outcrop  of  the  Pittsburg  Coal,  and  above  it.  It  is  opened  a  little 
below  the  mouth  of  IMount's  Creek,  and  is  2  feet  thick,  with  a  thin  floor  of  slate,  and 
beneath  that  a  thick  stratum  of  limestone  ;  and  its  outcrop  continues  to  be  seen  along  the 
S.  side  of  the  river  for  some  distance  below  Davidson's  mill.  Above  it  are  slates  and  sand- 
stones (Fig.  498).  Below  the  Broad  Ford  it  is  exposed  84  feet  above  the  Pittsburg  Coal, 
and  is  1 5  inches  thick.    It  is  not  traceable  along  the  W.  side  of  the  sub-basin. 

The  Great  Limestone  makes  its  appearance  in  the  first  hills  S.  of  Jacob's  Creek,  and 
continues  more  or  less  exposed  at  intervals  upon  the  highest  middle  hills  to  the  river ; 
but  where  the  Pittsburg  Coal  outcrops  at  their  feet,  the  beds  of  the  Great  Limestone  cap 
the  summits  of  the  hills  along  each  side  of  the  basin.    At  the  Youghiogheny  River,  interstratified,  argillaceous, 
and  calcareous  layers  are  of  great  thickness  (as  represented  in  Fig.  500),  and  are  divisible  into  two  groups. 
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At  the  steep  ledge  of  rocks  above  the  Broad  Ford,  35  feet  of  limestone  alternating  with  slates  rise  above 
the  road  (itself  15  feet  above  the  water)  ;  and  upon  this,  sandstone  and  slate,  coarse  and  fine  strata,  50  feet  ; 
above  this  again,  40  feet  of  limestone  ;  then  sandstone  and  slate.    These  rocks  form  the  cliffs  of  the  locality. 

Below  the  Broad  Ford  a  section  (represented  in  Fig.  500)  was  made  upon  a  continuation  of  the  same  escarp- 
ment which  overhangs  the  river  ;  it  is  as  follows : — 

Slate  and  Sandstone  30  (?)  feet.  Limestone,  unknown  thickness ;  Sand  and  Slate,  20  feet.  Limestone  and  Slate 
in  alternate  strata,  48  feet ;  Micaceous  Sandstone,  in  thick  and  thin  strata,  upper  part  flaggy,  36  feet.  Coal,  3  inches  ; 
Limestone  and  Slate,  upper  part  black  limestone  with  black  slate,  and  3  inches  of  coal  and  5  inches  of  black  slate, 
22  feet ;  Limestone,  yellow,  nearly  solid  stratum,  7  feet ;  Coal,  15  inches.  Limestone  with  Slate,  24  feet ;  Slate  and 
micaceous  Sandstone,  with  some  black  shale,  60  feet.  Pittshury  Coal,  upper  and  lower  members,  24  feet  above 
the  river. 

It  is  very  obvious  that  the  vast  increase  of  calcareous  matter  has  some  close  connection  with  the  partial 
disappearance  to  the  N.  of  the  prominent  Sewickly  Coal-bed,  and  probably  also  with  the  absence  of  the  Redstone 
Coal-bed  beneath  it.  In  some  of  the  preceding  sections  the  imperfection  of  the  series  of  exposures  may  veU  the 
presence  of  even  large  beds,  but  here  the  beds  are  evidently  represented.  It  may  be  hereafter  discovered  that 
the  3-inch  coal  is  the  Sewickly  Coal,  and  the  15-inch  bed  the  Redstone.  Upon  the  Sewickly  Creek  no  limestone 
seems  to  be  in  connection  with  the  Sewickly  CoaL  Here  it  lies  in  the  midst  of  50  feet  of  limestone  and  shale. 
At  Pittsburg,  Wheeling,  and  Morgantown,  we  have  a  recurrence  of  this  phenomenon. 

This  rate  of  increase  in  the  amount  of  calcareous  matter,  in  the  short  di.stance  from  Jacob's  Creek  S.  to  the 
Youghiogheny  River,  suggests  conjectures  respecting  the  line  of  ancient  margin  of  the  deep  water,  implying  that 
it  stretched  across  the  basin  between  the  present  lines  of  these  two  streams. 

The  rocks  just  described  form  the  remarkable  mural  ridge  between  Mount's  Creek  and  the  Youghiogheny. 

6.— PITTSBUEG  COAL,  SOUTH  OF  YOUGHIOGHENY  EIYER. 

After  leaving  the  flat  which  borders  the  river  on  its  S.  side,  the  Pittsburg  Coal  rises  along  its  R  outcrop, 
— described  when  discussing  the  lower  rocks  in  that  section  of  the  basin — and  is  opened  at  numerous  banks 
belonging  to  various  persons,  and  upon  the  Mount  Braddock  lands. 

East  of  the  Mount  Braddock  House,  in  the  little  valley  at  the  base  of  Chestnut  Ridge,  we  have  the  section 
exliibited  in  Fig.  501. 

The  strata  are  Limestone  and  yellow  Slate,  5  feet ;  Black  Slate  passing  into  coal,  5  feet ;  Coal,  with  intervening 
layers  of  slate,  3|  feet  ;  (Red-stone  Coal?)  Blue  Slate,  1  foot  ;  Yellow  Slate,  with  limestone,  and  iron  ore  in  nodules, 
^  g  11  feet ;  Limestone,  12  feet ;  Blue  and  yellow  Slate,  thin  coal  and  limestone,  4  feet ;  Yellow  Sand- 
"i"^"^  stone,  with  thin  layers  of  black  slate,  15  feet.  Pittsburg  Coal,  upper  bench  3  feet,  and  lower  bench 
-     9  feet.  The  exposure  is  at  the  base  of  the  hill  facing  Chestnut  Ridge. 

16  0        rpj^g  Pittsburg  Coal  is  opened  S.  of  this  in  four  or  five  localities,  and  in  the  flat  of  Shute's 
Run  it  is  opened  for  1^  mUes,  as  far  as  Brown's  bank,  at  Munroe  near  the  National  Tm-n- 
FiG.  501.— Mount    pike,  and  at  water-level,  on  the  E.  side  of  the  hiU  which  rises  from  the  base  of  Chestnut  Ridije. 

Braddock.  ^  .    _  ° 

From  this  point  S.  its  outcrop  is  below  water-level,  and  it  is  not  exposed  again  until  it  crosses 
the  wide  flat  of  Redstone  Creek,  at  the  base  of  the  ridge. 

In  its  W.  outcrop,  S.  from  the  Youghiogheny  River,  the  Pittsburg  Coal-bed  is  opened  below  Lobinger's 
salt-well,  35  feet  above  the  water.  The  coal  is  9  feet  thick  ;  roof,  black  slate,  1  foot ;  upper  member,  coal  and 
slate  in  thin  layers,  3  feet ;  olive  slate,  12  feet. 

From  East  Liberty  there  is  a  range  of  openings  S.  to  the  Redstone.  At  Oldham's  the  coal  is  9  feet  4 
inches  thick.  The  coal  exhibits  a  similar  character  at  all  the  opening^,  which  are  numerous,  and  it  lies  with  its 
plane  so  little  inclined  to  the  horizon  that  the  openings  are  frequently  half  a  mile  to  the  E.  or  W.  of  each  other, 
the  hills  being  very  high,  and  frequently  cut  by  sharp  and  deep  ravines,  which  afford  abundant  opportmiities  for 
drifting  in  upon  the  bed. 
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Fig.  502.— South  of  Mount 
Braddook. 


It  dips  beneath  the 


South  of  the  Clay  Tiu-upike  the  coal-bed  is  opened  on  both  sides  of  Bates'  or  Craig's  Kun.  At  Redstone 
Creek  it  is  wi'ought  by  Messrs  Luckley  and  Carter,  dipping  under  the  creek  at  the  opening  belonging  to  the  latter 
gentleman. 

7.— EOCKS  ABOVE  THE  PITTSBUEG  COAL,  S.  OF  THE  YOUGHIOGHENY  EIVER. 

The  rocks  which  crop  out  above  the  Pittsbiu'g  Coal-bed  towards  the  E.,  at  Mount  Braddock,  are  given 
in  Fig.  501.  We  there  see  no  trace  of  the  Pittsburg  Sandstone,  so  finely  developed  upon  the  streams 
farther  N. 

The  Sewichly  Coal  is  opened,  as  was  said,  on  the  N.  side  of  the  Youghiogheny  River  :  it  is  also  opened  a 
short  distance  S.  of  the  river,  yielding  from  2|  to  3  feet  of  coal  ;  but  it  is  not  again  seen 
imtil  we  ai'rive  at  a  point  \\  miles  to  the  S.  of  Mount  Braddock,  where  it  is  4  feet  thick, 
with  thin  laminae  of  black  slate  running  through  it,  and  an  undermining  of  1  foot  of  the 
same  ;  the  roof  is  soft  black  shale,  4  feet  thick.  Its  outcrop  is  seen  on  the  hill-side,  above 
Mount  Morey's  di'ift,  in  the  Pittsburg  Coal,  and  at  an  elevation  of  about  70  feet.  The 
presence  of  this  bed  at  such  an  elevation  justifies  the  assumption  that  the  small  bed  at 
Mount  Braddock  (see  Fig.  502)  is  the  Redstone  Coal,  although  its  outcrop  was  not  seen 
at  this  locality  (see  Fig.  503.) 

This  (Sewickly)  Coal-bed,  from  4^  to  5  feet  in  thickness,  is  opened  again  on  the  outcrop 
of  the  Pittsburg  Coal-bed,  at  M'^Ewan's  miU.  It  is  here  a  good  coal,  with  little  slate  ;  floor, 
blue  slate  ;  roof,  black  slate  3  feet,  and  upon  this,  limestone  in  thick  strata.  This  is  near 
Shute's  Rmi,  along  the  hill-side  of  which  are  seen  a  number  of  old  openings  upon  the  bed, 
water  of  Sharpe's  Run  250  yards  to  the  E.  of  the  road  from  Uniontown  to  Connellsville. 
Above  it,  at  this  locality,  lies  a  stratmn  of  yellow  and  grey  limestone,  14  feet  thick. 

At  the  National  Turnpike  it  is  opened  with  5  feet  thickness  of  good  coal,  and  at  an 
elevation  of  84  feet  above  the  Pittsburg  Coal  by  measurement.  It  is  not  again  opened 
N.  of  the  Redstone.  On  the  W.  side  of  the  basin  are  no  openings  upon  this  seam  ;  but 
its  outcrop,  apparently  of  considerable  thickness,  occurs  at  the  proper  height  above 
that  of  the  Pittsburg  Coal,  as  on  the  road  from  Liberty  to  Connellsville,  300  yards  up  the 
hill  from  Mr  Dickenson's  bank. 

The  Great  Limestone,  represented  in  two  vast  bands  in  the  Youghiogheny  section, 
continues,  in  the  countiy  S.  of  that  stream,  to  characterise  the  rocks  above  the  Pittsburg 
CoaL  Its  numerous  strata  ai'e  of  every  variety  of  hue  and  structm-e,  and  are  separated 
from  each  other  by  yellow  and  bluish  shales,  which  often  enclose  nodules  of  Hmestone, 
some  of  the  layers  of  which  are  fossUiferous. 

Fine  exposures  of  this  calcareous  formation  are  furnished  on  the  two  sides  of  the 
trough,  S.  of  the  Youghiogheny  River,  as  upon  Mill  Run,  over  several  coal-banks  at  the  Mount  Braddock  open- 
ings, Mason's  bank,  and  elsewhere.  At  the  latter  place  the  limestone  makes  its  appearance  30  feet  above  the 
Sewickly  Coal-bed.  At  Evans's  mill  it  rests  witliin  a  few  feet  of  the  coal,  and  14  feet  of  it  are  exposed  ;  how 
much  of  the  interval  between  it  and  the  next  exposure  is  made  up  of  limestone  strata,  is  not  known.  At  no 
one  point  between  the  Youghiogheny  and  Redstone  Creek  is  there  an  exj^osure  from  which  a  complete  section  of 
the  whole  of  tliis  calcareous  deposit  may  be  easily  compiled. 

Along  the  central  line  of  this  first  subdivision  of  the  Third  Basin  stand  isolated  knobs,  of  such  a  height  as 
to  be  seen  from  gTcat  distances,  even  seducing  the  eye  into  a  belief  that  they  are  but  a  Little  lower  than  Chestnut 
Ridge.  Moreland's  Hill  is  one  of  these.  Others  have  also  received  particular  names.  They  afford  few  exposures, 
but  evidently  consist  of  shales  and  sandstones  high  in  the  upper  series.  A  few  limestone  strata  of  considerable 
thickness,  and  several  unopened  coal-beds,  exhibit  their  outcrops  among  these  strata.  The  summit-rocks  may  be 
considered  as  at  an  elevation  of  450  or  500  feet  above  the  plane  of  the  Pittsburg  Coal-bed.  That  portion  of 
them  which  is  above  the  upper  division  of  the  Great  Limestone  is  composed  of  yellow  and  olive  shales,  brownish 
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slates,  a  few  thin  layers  of  limestone,  and  a  thin  smut  or  two  of  coal.  They  generally  occupy  a  separate  range 
of  hills,  but  sometimes  outcrop  along  a  continuous  ascent,  at  the  foot  of  which  are  the  openings  upon  the  Pitts- 
burg Seam.    The  tops  of  these  hills  are  in  the  central  line  of  the  basin. 

The  outcrop  of  the  highest  coal-bed  is  seen  along  the  Youghiogheny  River,  but  is  not  opened  for  4  miles 
to  the  S.  Here,  within  three-fourths  of  a  mile  of  the  Clay  Turnpike,  and  5^  miles  S.W.  of  Connellsville,  it  is 
mined  by  Mr  Gilcrease,  and  is  4  feet  thick ;  the  roof,  brown  slate  and  sand.  A  short  distance  to  the  E.  of  this 
place,  Mr  Cox  opened  a  bed  of  alternating  coal  and  slate  5  feet  in  thickness,  resembling  one  opened  at  Mr  Markley's 
paper-mill,  upon  Sewickly  Creek  (hereafter  to  be  described) ;  but  the  apparent  height  of  this  bed  above  the  bed 
on  Mr  Gilcrease's  land  forbids  theii'  identification.  The  latter  bed  also  displays  a  wholly  different  character, 
yielding  4  feet  of  solid  coal,  containing  very  little  slate. 

Approaching  the  Redstone  Creek,  the  hills  become  less  elevated,  are  separated  by  wider  valleys  of  denudation, 
and  present  gentler  declivities. 


8.— PITTSBURG  COAL,  AND  STRATA  OVERLYING  IT,  ALONG  THE  REDSTONE  CREEK, 

AND  SOUTHWARD. 

The  sections  exliibited  in  Figs.  504  and  505  were  obtained  from  numerous  exposures  at  and  above 
Uniontown,  upon  the  Redstone  Creek,  both  by  measuring  and  estimating  the  intervals  ;  they 
are  as  follows — (seeEig.  504)  : — 

From  the  tops  of  the  highest  hills  downwards,  yellow  and  olive  shales  and  micaceous  sand- 
stones, with  as  many  as  three  included  coal-seams  of  unknown  thickness,  35  feet  apart,  perhaps 
150  feet.  Olive  Slate,  and  thin  olive  sandstone  layers,  soft  greenish  and  dark-brown  shale,  55 
feet;  Coal,  impure,  slaty,  15  inches;  Blue  Shale,  12  inches  ;  Sandstone  and  olive  Slate  alternat- 
ing, 18  feet;  Appearance  of  coal,  interval  unknown,  12  feet ;  Ohve  Slate  and  grey  sandstone, 
with  black  layers  like  coal-smut,  25  feet.  Limestme  and  slate,  8  feet.  Shale,  yeUow  and  bluish, 
6  feet ;  Yellow  Slate  containing  nodules  of  carbonate  of  iron,  changing  shortly  into  sandstone, 
finely  flagged,  and  micaceous,  44  feet.  Coal,  1  foot ;  Black  Slate,  from  1  to  5  inches;  Coal,  13 
inches ;  Black  Slate,  6  inches.  Limestone,  8  feet ;  Micaceous  Sandstone,  contorted  strata ;  In- 
terval, with  limestone  of  unknown  thickness  ;  Limestone  massively  stratified,  rough,  yellow,  and 
grey,  14  feet ;  Black  Slate,  3  feet;  Whole  interval  between  coals  measiured,  100  feet.  SeivicUy 
Coal,  5  feet ;  Blue  Shale  floor  ;  Interval,  containing  some  layers  of  brownish  slate  and  micaceous 
sandstone,  86  feet,  to  the  Pittshurg  Coal-hed. 

The  following  is  the  succession  displayed  above  Uniontown  : — 

Thick  Limestone  strata,  1 2  feet ;  Alternations  of  limestone,  sandstone,  and  shale,  thickness 
unknown  ;  Limestone  in  thick  strata.  Dark-blue  Slate,  15  feet ;  Soft-blue  argillaceous  Sand- 
stone, with  included  layers  of  limestone,  supposed  thickness,  110  feet;  Coarse  grey  Sandstone 
irregularly  stratified,  curled,  and  full  of  black  scales.  Sm'icHi/  Coal,  4  to  4|feet  ;  Soft  blue  Shale, 

2  feet  ;  Yellow  Limestone,  6  feet ;  Yellow  and  bluish  Shale,  sometimes  silicious.  Redstone  Coal, 
from  1  to  2\  feet  ;  Blue  Slate,  with  calcareous  nodules,  15  feet  ;  Micaceous  Sandstone,  5  feet ; 
Black  and  brown  Shales,  15  feet.    Pittsburg  Coal-hed,  lower  member,  10  feet. 

The  Pittsburg  Coal-seam  itself  exhibits  at  ]VIr  Brownfield's  bank  the  following  upper 
members  : — 

Brown  Slate,  5  feet ;  Coal,  2|  feet ;  Slate  and  Coal  in  thin  alternate  layers,  with  a  few  small 
nodules  of  iron,  15  inches.    Coal,  1  foot  ;  Dark-blue  Shale,  1  foot.    Coal,  12  inches  ;  Blue  Slate, 

3  inches,  and  thin  lower  member. 


Fig.  504.— Uniontown, 
Redstone  Creek. 


The  third  coal-bed  of  the  column  (Fig.  504)  is  mined  at  Uniontomi,  and  elsewhere  in  the  neighbourhood,  and 
yields  a  solid  good  coal,  as  at  the  mouth  of  Shute's  Rmi.  In  some  places  its  amount  of  contained  sxdphuret  of  ii'on  is 
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less  than  at  others.  By  the  height  at  which  the  plane  of  this  coal-bed  lies  above  that  of  the  Pittsburg  Seam,  it 
will  be  seen  that,  to  reach  the  latter  at  UniontoAvn  would  require  a  shaft  about  210  feet  deep. 

The  section  of  the  rocks  above  this  seam  was  compiled  from  obscure  exposures  upon  the  higher  hills,  and 
does  not  exhibit  the  character  or  thickness  of  the  strata  with  much  accuracy  :  it  must  be  regarded  merely  as  an 
approximation  to  the  truth.  The  local  bed  marked  15  inches  is  opened  some  distance  N.W.  of  the  town,  and 
yields  at  that  point  nearly  2  feet  of  good  coal.  The  three  thin  coal-seams  still  higher  in  the  series  are  exposed  by 
such  of  the  roads  as  cross  the  highest  liills  near  Uniontown,  and  appear  to  be  but  a  few  inches  thick.  Whether 
one  of  these  is  the  5-feet  bed  mentioned  before,  as  opened  at  Cox's  or  Gilcrease's  openings,  has  not  been  deter- 
mined ;  but  the  probability  is,  that  the  hills  where  it  occurs,  6  miles  to  the  N.,  are  much  higher  than  those 
about  Uniontown,  though  the  basin  itself  seems  to  deepen  S. 

The  Redstone  Coal-bed,  2^  feet  thick  (shown  in  Fig.  505),  is  seen  decidedly  marked,  and  with  definite  rela- 
tions to  the  coal-beds  above  it  and  below  it.  It  is  opened  2^  miles  S.W.  of  Shute's  Run.  It  is  45  feet  above 
the  Pittsburg  Coal,  and  48  feet  below  the  Sewickly  Coal.  The  latter  bed  is  here  irregular  in  its  thickness  ;  it 
contains  sulphuret  of  iron,  and  has  resting  immediately  upon  it  an  irregularly  stratified  coarse-grained  sand- 
stone, instead  of  a  regularly-deposited  limestone,  as  in  some  other  locahties.  The  sandstone  is  full  of  wrinkles, 
breaks,  and  thin  flakes  and  layers  of  coal,  in  Avedges  and  chips,  exliibiting  most  strikingly  the  violence  of  tlie 
action  upon  the  coal-bed  previously  deposited,  of  the  agent  which  produced  the  layers  of  the  sandstone.  Without 
comparing  the  two  vertical  columns,  the  coal-bed  would  never  be  suspected  to  be  identical  at  the  two  localities. 

The  space  (110  feet)  was  estimated  from  imperfect  data,  and  probably  is  not  by  any  means  so  great ;  it 
contains  much  limestone. 

The  layers  of  this  great  mass  of  limestone  form,  for  several  miles,  most  of  the  steep  cliffs  along  the  banks 
of  the  Redstone  Creek. 


9.— PITTSBUEG  COAL-BED  SOUTH -WESTWAED  FEOM  EEDSTONE  CEEEK. 


Fig.  505.— Bedstone. 


The  Pittsburg  Coal  is  opened  upon  its  E.  outcrop,  at  no  great  elevation  above  the  water,  on  the  land  of 
Mrs  Sutton ;  also  on  Mr  Brownfield's,  at  one  of  whose  openings  the  irregular  deposition 
of  coal  and  slate  in  the  upper  member  of  the  bed,  5  feet  in  thickness,  is  very  visible  (see 
Fig.  505).    One  mile  S.  is  another  opening,  then  another  at  the  base  of  gentle  hills,  over- 
looking a  wide  flat  to  the  E. 

The  ore  smelted  at  Oliphant's  furnace  was  formerly  obtained  at  Mr  Wynn's  bank. 
Here  the  bed  is  7  feet  thick  in  its  lower  member  ;  floor,  blue  slate,  4|  feet  thick  ;  then 
fire-clay,  1  h  feet  thick  ;  then  a  stratum  of^ore  varying  from  2  to  8  inches  ;  this  is  again 
underlaid  by  blue  slate. — (See  Fig.  506.) 

This  excellent  iron-ore  is  obtained  from  numerous  openings  between  Redstone  and 
George's  creeks,  in  roundish  discs  or  cakes,  traversed  by  numerous  white  veins  of  crystalline  structure  ;  it  is  of  a 
blue  colour,  and  of  fine-grained  compact  structure.    The  ore  is  said  to  have  been  found  at 
Mount  Braddock  ;  and,  doubtless,  examinations  very  easy  to  be  made  would  greatly  enlarge 
the  area  over  which  it  may  be  profitably  vtrought.  It  is  not  seen,  however,  on  the  Youghio- 
gheny,  where  sections  have  been  made  of  all  the  rocks  immediately  under  the  great  bed  of  coal. 

To  the  S.  of  Oliphant's  furnace  the  Pittsburg  Seam  continues  to  recede  from  Chestnut 
Ridge,  and  to  rise  in  the  side  of  its  own  range  of  hills.    It  is  opened  one  mile  beyond  the 
furnace.    At  Smithfieldtown  its  outcrop  is  two  miles  from  the  ridge,  and  has  been  repeatedly  wrought.  Thence 
the  margin  of  the  coal  skirts  the  valley  of  George's  Creek,  following  its  Northern  edge  Westward,  even  across  the 
first  sub-axis  into  the  second  sub-basin.    It  is  seen  in  the  high  knob  between  the  forks  of  George's  Creek. 

South  of  George's  Creek,  along  its  E.  outcrop,  the  Pittsburg  Coal-bod  is  first  opened  one  mile  from  the 
ridge,  and  separated  from  it  by  a  wide  valley  of  denudation.    At  the  next  bank  (Mr  Davis's)  the  coal  is  found  to 
contain  a  quantity  of  sulphuret  of  iron  and  layers  of  slate.    Each  of  these  featm'es  is  quite  foreign  to  the  bed  in 
VOL.  II.  4  K 


Fig.  50G.— Oliphant's 
Fui-nace. 
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the  country  hitherto  described.    The  sulphuret  of  ii-on  occurs  in  flattened  nodules,  from  3  to  8  inches  broad,  and 
from  li  to  8  inches  thick. 

'^zf^  The  coal  is  opened  at  intervals  of  half  a  mile  by  Messrs  3Iorgan,  Burchinel,  and  Sines, 

7  u-'HBH        where  the  coal  is  6|-  feet  thick  ;  farther  on,  by  Messrs  Sturm,  Waltg,  and  Morris,  the 
^^^^W  ,  5    last-mentioned  Avithin  half  a  mile  of  the  Virginia  line.    At  aU  these  points  the  openings 
Or.     -  l^.j^r->iJ-;  I;  0  J  are  made  high  up  on  the  hills.  At  Mr  Rubble's  bank,  a  quarter  of  a  mile  S.  of  the  State  line, 
„  .  .  \.      the  bed  yields  but  oh  feet  of  coal,  with  a  few  slate  intercalations  ;  roof  of  upper  member, 

Fio.  50/. — Vu'gima  Line.  j  -  j  >  li  > 

brownish  slate,  6  feet,  and  above  this  coarse  grey  sandstone,  8  or  10  feet  exposed  (see  Fig.  507). 
The  ore-band  has  here  been  wrought  for  Duncan  furnace.  The  coal-bed  itself  occupies  a  long  narrow  area, 
at  the  summit  of  a  ridge  between  the  valleys  of  the  Cheat  River  and  McCulloch's  Run.  On  the  S.  side  of  the 
Cheat  River,  an  opening  upon  thePittsbmg  Coal-seam,  near  the  Morgantown  Road, 'one  mile  W.  of  M'^Culloch's 
Run,  exhibits  an  unpersistent  interstratum  of  slate,  10  inches  thick  1  foot  from  the  floor  of  the  bed,  and  8  feet 
from  the  roof  At  another  opening  9  feet  of  coal  are  overlaid  by  1  -i  feet  of  blue  slate,  and  above  this  there  occurs 
a  thick  irregularly-stratified  coarse-grained  sandstone  (see  Fig.  508).    The  plane  of  the  bed  is 

■-•6 "  near  the  top  of  the  river-hills,  which  are  from  300  to  400  feet  high.    At  the  mouth  of  the 
8  Cheat  River  the  elevation  of  the  outcrop-level  is  371  feet. 
On  the  N.  side  of  the  river  it  is  opened  at  eight  or  ten  localities,  by  various  persons, 
to  within  2  miles  of  the  mouth  of  the  river. 


Fio.  608.— Cheat         The  vertical  section  of  the  strata  of  this  vicinity,  given  in  Book  X.  Chapter  II.  (see  Sec- 
tion  N.W.  side  of  Laurel  Hill,   Cheat  River,  Virginia),  constructed  by  Professor  W.  B. 
Rogers,  is  presented  to  show  the  relations  of  the  Pittsburg  Seam  to  the  other  strata  as  they  are  exposed  in 
the  gap  of  the  Cheat  River. 

The  openings  upon  the  Monongahela  River  will  be  described  hereafter,  in  following  the 
course  of  that  stream  to  Pittsburg. 
0         Over  the  whole  space  boimded  by  the  Monongahela  and  Cheat  rivers  and  George's 
l"  Creek,  the  Pittsburg  Bed  spreads  in  a  nearly  horizontal  plane,  and  at  a  great  elevation  above 
Fig.  609.  —  Cheat        general  water-level.    It  has  been  said  that  the  height  of  this  plane  above  the  ^Monongahela 
Rrver,  Laurel  Hill  g^jj^  mouth  of  Cheat  Rivcr,  is  371  feet;  upon  George's  Creek,  at  its  lowest  probable 

point,  it  is  173  feet  above  the  bed  of  the  creek.  The  basin  itself  seems  to  rise  S.W.,  so  that  the 
lowest  point  reached  by  the  coal-bed  on  Cheat  River  is  about  250  feet  above  the  water.  The  relation  of 
water-level  at  the  three  points  was  not  measured. 

The  Pittsburg  Coal-bed  over  this  area  not  being  covered  by  any  great  thickness  of  the  upper  series,  is  devel- 
oped by  all  the  streams  and  ravines  of  the  country,  and  extensively  mined  by  the  inhabitants.  The  following 
openings  along  George's  Creek,  on  the  S.  side,  appeared  at  the  time  of  our  survey.  Proceeding  W.  from 
Brown's  bank,  before  mentioned,  were  T.  Slenty's,  Smith '.s.  Long's  (173  feet  above  the  creek  at  Long's  null), 
containing  many  nodules  of  sulphuret  of  iron;  Griffien's,  Harden's,  A.  Oliphant's,  G.  Genty's,  Crow's,  Schwenz- 
ger's.  Fate's,  Ross's,  within  a  mile,  and  Frank's,  close  by  New  Geneva. 

Upon  the  N.  side  of  the  creek  were  Sutton's  and  Rumble's  banks,  opposite  Long's,  and  below  W. 
Griff'en's,  D.Brown's,  Ddl's,  Word's,  and  Philip's,  a  niUe  and  a  half  from  New  Geneva  Tliis  is  about  upon  a 
line  with  the  first  sub-axis. 

Below  New  Geneva,  along  the  river,  the  bed  is  seen  at  the  mouth  of  Cheat  R\m,  still  above  water-level,  but 
below  that  point  it  dips  beneath  the  bed  of  the  river. 

10.— PITTSBURG  SEAM,  UPON  THE  FIRST  SUB-AXIS,  BETWEEN  REDSTONE  CREEK  AND 

GEORGE'S  CREEK. 

It  will  be  more  convenient  to  take  this  region  into  consideration,  before  proceeding  to  the  systematic  descrip- 
tion of  the  upper  Coal-measures  found  in  the  second  subdivision  of  the  Third  Basin,  to  which  it  properly 
belonos. 


CAT  RUN. 
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Upon  the  Redstone  Creek,  and  on  the  E.  side  of  the  first  sub-axis,  the  Pittsburg  Coal-seam  rises  from  the 
bed  of  the  creek  2  miles  above  Middletown  ;  it  is  quarried  on  the  W.  bank  by  Messrs  Gaddis,  Gibson,  and 
Swan.  Half  a  mile  S.  of  the  last  is  Mr  Springer's  coal-bank  on  the  National  Turnpike,  near  the  second  mile- 
stone. 

South  of  the  National  Turnpike  the  Pittsburg  Coal  is  opened  successively,  upon  its  W.  outcrop,  by  Mr 
JefFers  (coal  9  feet  thick,  and  70  feet  above  water-level) ;  Ebhard  Wood,  1  miles  from  the  turnpike ;  and 
Vankirk,  W.  of  which,  at  the  summit  of  a  high  hill  upon  the  line  of  the  sub-axis,  the  bed  is  seen  nearly  hori- 
zontal This  point  is  a  fourth  of  a  mile  N.  of  the  M<=Clellandtown  and  Uniontown  Road,  and  the  most  N.  locality, 
upon  the  first  sub-axis,  at  which  the  Pittsburg  Bed  is  seen.  It  is  about  2  miles  to  the  S.  of  the  National  Road. 
To  the  S.  of  this  knob  the  bed  has  been  swept  away  for  a  narrow  space  along  the  axis,  the  outcrops  running 
nearly  parallel,  and  meeting  again  farther  to  the  S. 

Upon  the  E.  outcrop  of  the  Pittsburg  Seam,  on  the  W.  side  of  the  sub-axis  (corresponding  to  its  W.  oiitcrop 
on  the  E.  side  of  the  axis),  are  numerous  openings  S.  of  the  National  Road. 

Half  a  mile  E.  of  McClellandtowai,  the  Pittsburg  Coal-bed  sinks  beneath  the  water-level  upon  Brown's 
Run.  It  is  opened  by  several  persons  within  2  miles  S.W.  of  this  ;  and  between  this  and  the  Masontown  Road 
there  are  numerous  openings  at  different  elevations. 

On  a  branch  of  Cat  Run,  and  half  a  mile  E.  of  ]\Iasontown,  an  exposure  of  the  bed  shows  a  change  of  charac- 
ter in  the  associated  rocks  (expressed  in  Fig.  510)  ;  we  have, — 

Limestone  at  the  bank  of  the  run,  4  or  5  feet ;  a  few  feet  above  the  limestone,  Coal,  8  inches  ; 
Brown  Shale,  some  layers  silicious,  22  feet  ;  to  the  Pittsburg  Coal,  disappearing  beneath  the  run 
at  the  base  of  the  hill  on  which  Masontown  is  built.  From  a  large  flat  here,  great  quantities  of 
coal  have  been  taken  on  the  land  belonging  to  Mr  Eider.  Coal,  8^  feet  thick,  full  of  sulphuret 
of  iron,  and  thin  slaty  layers  ;  Blue  Shale,  from  12  to  18  inches  ;  Thin  solid  layer  of  thin  carbo- 
naceous Slate,  with  polished  planes  of  cleavage  ;  Black  Slate,  1 8  inches ;  Coal,  2  feet ;  Slate  ; 
Sandstone. 

Farther  down  Cat  Run,  at  Johnson's  mill,  the  coal-bed  is  8  feet  thick. 

From  the  openings  upon  Cat  Run  E.  the  Pittsburg  Coal-bed  has  a  gentle  rise  until  it 
surmounts  the  axis  ;  it  is  frequently  opened  high  on  the  hill,  not  fiir  W.  of  the  axis,  where  the 
coal  is  9  feet  thick,  with  thin  slate-layers  interlaminated  with  the  thicker  bands  of  coal :  roof, 
blue  slate  and  coal,  2  feet. 

The  Pittsburg  Coal  occupies  a  range  of  higher  hills  upon  the  sub-axis,  between  Avhich  denud- 
ing forces  have  swept  it  away,  with  the  rocks  beneath  and  above  it,  and  over  so  large  an  area  that 
a  comparatively  small  quantity  of  the  bed  remains.  The  openings  are  consequently  few  ; 
more  of  them  are  seen  upon  the  road  that  crosses  the  axis  just  N.  of  George's  Creek  than 
elsewhere.  But  on  its  E.  slope,  beginning  with  the  last-mentioned  opening,  we  have  a  number 
of  openings  in  tracing  its  W.  outcrop.  One  of  these,  high  upon  the  axis,  shows — Coal,  7^ 
feet ;  sandstone  and  shale,  2  feet ;  slate  and  coal,  4  feet  (see  Fig.  511).  It  is  seen  at  Showal- 
ter's,  Smith's,  Deiffenbaugh's,  Huston's,  Patton's,  and  Bowell's.  Again  at  Smith's,  2^  miles  W. 
of  Oliphant's  furnace.  Comb's,  M^Cormick's,  Freeman's,  Sturgi's,  and  Anderson's.  At  several  of  these  banks  the 
Oliphant  furnace-ore  has  been  obtained  from  beneath  the  coal.  Some  of 
the  openings  are  in  the  synclinal  trough.  Many  exposures  of  the  Pittsburg 
Coal-bed  are  afforded  by  the  deep  trench  of  York's  Run.  , 

Many  other  openings  are  made  in  it  in  the  neighbourhood  of  Smith- 
field  ;  at  these  some  interesting  metamorphoses  are  exhibited  in  the  struc-  ' 
ture  of  the  bed,  one  of  which  is  represented  in  Fig.  512,  constructed  from 
observations  made  at  two  openings,  only  400  yards  apart.    One  exhibits  6 
feet  of  coal,  with  thin  slate-layers  as  the  lower  member,  and  innnediately  upon  it  6  feet  of  slate,  with  irregular 
layers  of  coal ;  roof  slate,  and  sandstone  over  aU.    At  the  other  we  see  4^  feet  of  coal,  with  thin  layers  of  slate. 


i  ft 


Fig.  510.— Cat  Run. 


Fig.  511.— New- 
comer's. 


Fig.  512.— Smithfield. 


G28 


THIRD  COAL -BASIN,  SECOND  SUBDIVISION. 


as  the  lower  member  ;  4  feet  of  black  and  blue  slate,  with  layers  of  coal  between,  as  the  middle  ;  and  4  feet  of 
coal,  with  slate  in  thin  layers,  as  the  upper  member.  At  one  place  there  is  quite  a  thick  stratum  of  slate 
in  the  midst  of  the  lower  member. 

ll.-EOCKS  ABOVE  THE  PITTSBUEG  COAL,  SOUTH  OF  EEDSTONE  CEEEK. 

The  columns  ah-eady  presented  (Figs.  503,  504)  give  the  series  of  strata  above  the  Pittsburg  Coal-bed,  as 
far  as  discoverable  upon  Redstone  Creek. 

The  first  {Redstone)  coal  above  the  great  seam  has  nowhere  been  seen  by  iis  in  the  country  to  the  South- 
ward of  the  stream. 

The  Sewickly  Coal-bed  is  opened,  with  a  thickness  of  4  feet,  upon  Messrs  Brownfield's  and  M'Kee's  lands, 
and  frequently  exhibits  its  outcrops  farther  Southward.  To  the  S.  of  George's  Creek  its  has  doubtless  been 
wholly  denuded  from  the  surface.    S.  of  the  Cheat  River  it  again  appears. 

Along  its  "W.  outcrop  it  has  been  mined  by  Mr  Brown  at  a  spot  4  miles  to  the  S.W.  of  Uniontown,  and  is 
5  feet  thick ;  again,  half  a  mile  S.  of  this,  it  is  from  4  to  5  feet  thick ;  its  smut  is  seen  in  places  farther  S., 
nearly  to  George's  Creek. 

A  large  stratum  of  grey  sandstone,  coarse-grained  and  micaceous,  and  frequently  of  considerable  thickness, 
is  observed  to  accompany  the  Pittsburg  Coal  in  this  part  of  the  region,  and  especially  where  it  arches  over  the 
sub-axis.  This  sandstone  is  the  equivalent  of  the  Pittsburg  Sandstone,  as  shown  in  the  earlier  vertical  colimms 
illustrating  the  Conemaugh  and  Loyalhanna  districts.  The  summits  of  the  hiUs  between  George's  Creek  and  the 
Cheat  River  are  frequently  capped  by  this  sandstone  and  its  accompanying  slates,  with  an  occasional  stratum  of 
limestone  ;  hence  the  absence  of  the  Sewickly  Coal-bed. 

The  Great  Limestone  formation,  with  its  accompanying  shales,  rises  gradually  along  the  E.  and  W.  sides  of 
the  chain  of  hills  in  the  centre  of  the  trough,  from  the  latitude  of  Uniontown  southward.  These  hills  are  none 
of  them  very  high,  and  the  limestone  soon  forms  their  summits,  until  at  George's  Creek  they  are  no  longer  of 
sufficient  height  to  receive  even  its  lowest  members.  But  passing  to  the  S.  side  of  the  creek,  a  limestone-bed  is 
sometimes  found  at  the  tops  of  the  highest  knobs,  which  may  be  a  reKc  of  the  great  calcareous  stratum. 

The  outcrop  of  the  Uniontown  small  double  coal,  of  Eig.  504,  is  occasionally  seen  Southward  of  that  tomi, 
but  it  has  nowhere  been  drifted  in  upon.  Upon  Judge  Irving's  land,  near  Uniontown,  is  an  opening  upon  a 
3-feet  bed,  full  of  slate  and  sulphuret  of  iron,  and  miderlaid  -by  1 5  feet  of  rocks,  at  the  lower  limit  of  which  is  a 
bed  of  pure  limestone  4  or  5  feet  thick.  This  bed  may  possibly  be  the  Uniontown  Coal,  wliich,  however,  has  a 
limestone-bed  immediately  beneath  it,  as  well  as  one  at  some  distance. 

The  rocks  overlying  the  Uniontown  Coal-bed  are  not  widely  spread  Southwai-d  from  the  National  Road. 
One  or  two  of  the  coal-beds  of  this  part  of  the  series,  whose  outcrops  are  noticed  in  the  hills  N.  of  Uniontown, 
occur  in  the  highest  summits  S.  of  the  National  Road. 

At  the  second  ascent  upon  the  Morgantown  Road,  in  going  Southward  from  Unionto-«-n,  there  are 
exposures  in  the  ascending  order  of  dark-brown  sandstone  and  olive  slate.  This  bed  of  coal  may  be  identical 
with  the  15-inch  seam  shown  in  Fig.  504  ;  it  yields  a  light  soft  crmnbling  coal,  and  is  near  the  summit  of  a 
hill  in  the  central  line  of  the  basin. 

Above  this  highest  coal-bed  are  seen  a  few  impure  calcareous  layers,  found  only  as  fragments  upon  the 
surface. 


CHAPTER  XXVI. 

l.-SECOND  SUBDIVISION  OF  THE  THIRD  COAL -BASIN  WEST  OF  THE  FIRST  SUB-AXIS, 

S.  OF  THE  CONEMAUGH— UPPER  GROUP. 

The  upper  coal  gi-oup,  based  upon  the  Pittsburg  Coal-bed,  has  a  narrow  range  in  the  second  subdivision 
of  the  third  great  basin,  being  confined  to  a  canoe-shaped  trough  along  its  medial  line,  the  Northern 
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Fig.  513.— Pittsburg 
Coal. 


1  mile  S.E.  of  Greens- 
hmg. 


termination  of  which  is  visible  a  few  niiles  N.  of  New  Alexandria,  and  the  Southern  about  8  miles  S.  of 
Greensburg.  Even  at  its  deepest  part  this  trough  of  upper  rocks  contains  only  an  inconsiderable  thickness 
of  strata. 

The  Pittsburg  Coal-bed,  whose  outcrop  limits  the  area,  has  been  greatly  denuded  from  the  E.  side  of  the 
sub-basin.  In  that  part  which  lies  to  the  N.  of  the  Loyallianna,  it  makes  its  first  appearance  at  the  summit  of 
a  knob  3  or  4  miles  N.  of  New  Alexandria,  and  a  short  distance  Westward  of  the  Pittsburg  Turnpike.  At  a 
point  S.  of  this  it  is  opened  8  feet  thick,  and  exliibits  its  double  structure  of  upper  and  lower  members,  as  in 
the  previous  sub-basin,  to  the  E.  It  follows  a  narrow  ii-regular  belt,  sinking  gradually  with  the  sub-basin  to 
the  Loyalhanna,  where  it  occurs  still  high  upon  the  hills  near  the  village.  The  bed  has  not  been  discovered  in 
any  of  the  liiUs  N.E.  of  it,  although  they  seem  high  enough  to  contain  it. 

The  Pittsbiu-g  Coal-bed  has  been  opened  at  about  one  mile  Southward  of  New  Alexandria,  upon  the  W. 
side  of  a  hill,  upon  the  E.  slope  of  which  the  outcrop  appears.  Several  openings  have 
been  made  upon  it  in  the  ravines  of  runs  stUl  farther  South,  as  at  Barnett's  mill  and 
Millar's  bank,  about  2  miles  distant  from  Greensburg,  and  400  yards  N.  of  the  Greensburg 
Turnpike  Road.  Here  the  lower  member  of  the  bed  is  8^  feet  thick,  the  upper  member 
•3  feet.  It  is  cut  at  George's  Summit  on  the  Pennsylvania  Railroad,  and  is  mined  on  the 
tm-npike  at  its  E.  outcrop  ;  and  again  one  mile  N.  of  Greensburg,  where  the  lower  member 
is  8  feet  thick  ;  overlaid  by  blue  slate,  1  foot;  coal,  with  slaty  layers,  15  inches;  upper 
member,  coal  and  slate  in  confused  layers,  2  feet.  The  bed  dips  N.  a  few  degrees  W.,  the 
basin  rising  Southward. — (See  Fig.  513.) 

At  another  opening,  one  mile  S.E.  of  Greensburg,  the  lower  member  measures  7  feet 
in  thickness  ;  dip  steep  to  the  N.W.  One  mUe  S.  of  Greensbm'g  the  bed  is  opened  on  both 
sides  of  the  vaUey  of  the  Sewickly.  It  measures  here  7^  feet,  lower  member  ;  upper  member 
4  feet.  One  and  a  half  miles  S.  of  Greensburg  it  is  25  feet  above  water-level.  At  Mr 
Hammer's  bank  a  transverse  roll  has  thrown  the  bed  into  some  irregiilarities  of  aspect- 
dipping  it  rapidly  to  water-level  Southward,  and  bringing  it  i;p  again  with  a  steep  counter- 
dip.  At  Shaeffer's  opening  it  is  pretty  high  upon  the  hills,  and  nearly  horizontal.  At 
Bear's  Bank  it  outcrops  at  the  S.  end  of  its  area. 

Upon  its  Western  outcrop,  S.  of  the  Loyalhanna,  the  Pittsburg  Coal-bed  is  opened  at 
the  creeks,  and  also  on  the  turnpike  one  mile  W.  of  New  Alexandria.  It  is  here  8  feet  thick 
in  its  lower  member ;  again  on  a  high  hill  E.  of  the  White-Thorn  branch  of  Beaver  Dam 
Rmi ;  at  Kipple's  miU,  where  it  yields  feet  of  coal ;  on  the  Greensburg  and  Freepoit 
Road  ;  at  the  railway  tunnel,  about  one  mile  W.  of  Greensburg  ;  again,  300  yards  S.  from  the  turnpike,  the 
coal  is  from  Gi  to  7  feet  thick  (dii)  E.  20°  S.  ;  upper  members,  blue  shale,  10  inches ;  coal  and  slate,  15  inches  ; 
coal,  15  inches  ;  dark  olive  shale)  ;  also  one  mile  from  the  turnpike,  and  elsewhere. 

The  area  occupied  by  the  Pittsburg  Coal-bed  has  thus  a  width  which  varies  from  a  few  hundred  yards 
to  2^  mUes. 


1  mile  S.  of  Greens- 
burn:. 


1  mile  N.  of  Greens- 
burg. 


Millar's  Bank,  2  miles 
from  Greensbvu  tr. 


2.— EOCKS  ABOVE  THE  PITTSBURG  COAL-BED,  SECOND  SUBDIVISION  OF  THIRD  BASIN. 

A  few  layers  of  dark-olive  slates  and  grey  micaceous  sandstone  have  been  left  resting  upon  the  Pittsburg 
Coal-bed  N.  of  the  Loyalhanna.  The  Pittsburg  Sandstone  does  not  present  itself  here  with  such  decided 
characteristics  as  in  the  first  subdivision  of  the  basin. 

South  of  the  Loyalhanna,  the  section  of  rocks  superposed  upon  the  Pittsburg  Coal-bed  (expressed  in  the 
annexed  column.  Fig.  514)  is  of  greater  vertical  thickness;  but  no  opportunities  for  examination  were  afforded 
to  any  satisfactory  extent  except  along  the  transverse  valley  of  the  Loyalhanna,  where  that  section  was  con- 
structed or  collated  from  road-diggings,  some  quarries,  and  a  few  small  natural  exposures  :  hence  it  cannot  be 
rehed  on  further  than  as  a  general  exhibition  of  the  contents  of  the  trough,  irrespective  of  their  precise  mutual 
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relationships,  as  elsewhere  it  was  found  impracticable  to  identify  the  beds  of  slate  and  sandstone  found  here. 
The  section  reads  as  follows,  from  above  downwards— (See  Fig.  5 1  -t)  : — 

Sandstones  and  olive  Slates,  the  summits  of  the  hills.  Great  Limestcme,  in  thick  massive 
strata,  8  feet ;  exposed  on  the  Loyalhanna,  but  fully  developed  by  the  tunnel  and  cuttings  of 
the  Pennsylvania  Railroad,  at  and  near  Greensburg,  30  to  40  feet.  Interval,  containing  a  thin 
coal-outcrop,  40  feet.  Sandstone  in  flags  and  massive  strata,  50  feet ;  Yellow  Slate,  8  feet ; 
Coarse  grey  Sandstone,  15  feet.  Blackish  Slate,  G  feet  ;  place  of  Sewickly  Coal  (?)  ^Micaceous 
Sandstone  in  thin  layers,  15  feet.  Black  Slate,  with  sandy  layers,  12  feet ;  Brown  Shale,  20 
feet.  Coal  outcrop  ;  Redstone  Coal-bed  (?)  Yellowish  and  bluish  Shale,  with  thin  limestone 
layers  in  the  lower  part,  20  feet  ;  Silicious  Slate  and  flaggy  sandstone,  30  feet.  Pittsbm-g 
Coal-bed — upper  member.  Coal  and  Slate,  3  feet ;  lower  member,  1\  feet. 

The  uppermost  bed  of  the  gi-eat  calcareous  deposit  is  sometimes  quite  a  pure  and 
fossiliferous  limestone,  in  thick  layers ;  it  is  found  at  the  tops  of  many  of  the  central 
hills — for  example,  it  has  been  quarried  at  the  summit  of  one  a  httle  East  of  Greensburg. 
Another  and  lower  hmestone,  the  precise  place  of  which  coufd  not  be  determined  in  the 
section,  repeatedly  appears  at  the  base  of  such  hills  as  exhibit  the  upper  limestone-stratum 
at  their  summits. 

The  Sewickly  Coal-bed  only  indicates  here  its  proper  position  by  black  slate,  although 
it  is  well  developed  S.  of  this  upon  the  Sewickly  Creek. 

From  the  S.  point  of  the  Greensburg  area  of  the  Pittsburg  Coal,  to  New  Staunton  on  the  Big  Sewickly, 
nothing  is  to  be  seen  but  the  Barren  Measures,  which  afford  occasional  traces  of  a  coal-bed  upon  their  hiU-sides. 


CHAPTER  XXVII. 

ALLEGHANY  AND  MONONGAHELA  RIVERS,  IN  THE  NEIGHBOURHOOD  OF  PITTSBURG. 

Descending  the  Alleghany  River  from  the  mouth  of  the  Kiskiminetas,  we  meet  with  the  rocks  in  an 
ascending  order,  the  upland  on  each  side  being  occupied  by  the  Barren  Measmes. 

The  Lower  Freeport  Coal,  57  feet  above  the  water  at  Freeport,  gradually  subsides  to  the  level  of  the  river, 
which  it  reaches  at  about  2  miles  above  Tarentum,  varying  in  the  interval  between  a  maximum  thickness  of 
4  feet  and  a  minimum  of  2  feet. 

The  Upper  Freeport  Coal,  after  being  exposed  by  various  cuttings  of  the  Alleghany  Valley  Railroad, 
disappears  beneath  the  water-level  3  miles  below  Tarentum  ;  near  which  it  is  mined  at  an  elevation  of  30  feet, 
though  it  shows  itself  on  Pine  Creek,  about  2^  miles  from  the  river,  exactly  on  a  level  with  the  stream.  It  is 
here  6  feet  thick.  At  Peterson's  salt-well,  one  mile  below  Tarentum,  it  is  of  the  same  thickness,  being  opened 
beneath  a  bed  of  shale,  at  an  elevation  25  feet  higher  than  at  half  a  mUe  farther  down  the  river.  At  Kier's  salt- 
well,  a  short  distance  above,  it  is  7  feet  thick,  and  is  mined  40  feet  above  the  level  of  the  river.  At  Tarentum 
it  is  opened  at  Donnelly's  salt-well,  and  in  several  other  places  on  both  banks  of  the  river,  withm  8  miles  of 
which  it  is  also  mined  on  Bull  Creek.    At  Freeport  it  is  144  feet  above  the  water. 

The  Freeport  Limestone,  though  often  regularly  stratified,  consists  more  generally  of  a  stratum  of  nodules 
imbedded  in  shale,  but  even  these  yield  a  good  ash-coloured  lime. 

Below  the  town  of  Freeport,  between  the  Mahoning  Sandstone  and  the  Upper  Freeport  Coal,  there  lies  a 
mass  of  shales  from  2  to  20  feet  in  thickness. 

The  Mahoning  Sandstone  forms  a  double  set  of  cliffs  along  the  river-slopes  from  Freeport  to  Tarentum.  It 
consists  of  two  massive  members,  each  35  feet  thick,  and  separated  by  25  feet  of  shale.  A  band  of  quartzose 
conglomerate,  4  feet  thick,  occurs  at  the  base  of  the  upper  member,  imbedding  nodules  of  iron,  and  sometimes 
overlying  a  6-inch  bed  of  slaty  coal,  which  is  to  be  considered  as  the  representative  of  the  Elk-Lick  Coal-bed. 


STEATA  AT  PITTSBURG. 


631 


The  rock  forms  much  of  the  surface-land  of  the  S.  parts  of  Armstrong  and  the  N.  parts  of  Alleghany 
counties. 

A  second  Barren-Measure  Coal-bed,  to  which  we  give  no  name,  overlies  this  Mahoning  Sandstone  in  the 
river-hills,  15  miles  above  Pittsburg  (compare  Fig.  394,  at  Alleghany  Furnace),  and  is  1  foot  thick.  It  tra- 
verses the  N.W.  corner  of  Westmoreland  Coimty. 

Above  it  are  yellow  and  brown  shales,  which  graduate  upwards  into  a  mass  of  slaty  argillaceous  sandstone, 
forming  at  Sharpsburg  the  lowest  rock  seen  at  water-level ;  it  is  well  exposed  at  the  mouths  of  Cirtie's  Run  and 
Pine  Creek,  and  in  most  of  the  ravines  between  Pittsburg  and  Tarentum.  It  also  appears  at  the  mouth  of  Saw- 
mill Run  upon  the  Ohio  River. 

At  Pittsburg  we  find,  at  the  base  of  the  hills  which  overlook  the  city,  a  bed  of  variegated  calcareous  shale, 
of  a  peculiar  mottled  appearance,  its  lower  portion  reaching  down  nearly,  if  not  quite,  to  the  brink  of  the  Ohio 
River.  It  is  a  bed  of  considerable  thickness,  and  consists  of  two  varieties,  the  one  blue  and  the  other  bright 
purple  or  red,  in-egularly  intermixed  in  spots,  blotches,  and  bands.  The  blue  variety  lies  sometimes  in  continu- 
ous layers.  It  is  soft  and  calcareous,  sometimes  without  any  regular  cleavage,  and  exists  throughout  as  a  rather 
homogeneous  mass,  very  friable,  and  easUy  crumbled  by  the  weather.  Dispersed  through  it  are  numerous 
calcareo -ferruginous  concretions  lying  in  irregular  layers,  and  occasionally  so  abundant  as  to  constitute  a  con- 
siderable part  of  the  whole  bed.  They  are  of  all  sizes,  more  or  less  ferruginous  and  excessively  hard.  Some 
minute  fossUs  have  been  detected  in  this  stratum,  but  it  is  generally  not  fossiliferous.  The  quantity  of  calcare- 
ous matter  diffused  through  the  shale  is  such,  in  fact,  as  to  warrant  our  consider- 
ing it  an  impure  marl.  From  Pittsburg  it  may  be  traced  along  the  W.  bank 
of  the  Alleghany  River  to  some  distance  above  Sharpsburg,  rising  N.  On 
Thompson's  Run,  a  branch  of  Turtle  Creek,  14  miles  E.  of  Pittsburg,  it  is  met 
with,  forming  the  base  of  the  hills  at  nearly  the  same  elevation  as  at  that  city. 

The  coal  of  the  Barren  Measures  resting  on  the  above  is  a  thin  seam 
varying  in  its  tlaickness  from  6  to  18  inches,  and  of  good  quality.  It  is  hard, 
black,  and  brilliant.    One  foot  is  about  its  average  thickness. 

Black  Fossiliferous  Limestone. — This  is  a  dark-grey  or  black  Hmestone  ; 
when  first  exposed  it  is  extremely  hard,  effervesces  freely  when  treated  with 
an  acid,  and  is  remarkable  for  the  abundance,  though  not  the  variety, 
of  the  fossils  diffused  through  it  :  these  are  principally  bivalves,  species  of 
Producta,  Leptena,  Terebratula,  &c.  Joints  of  Encrini  are  also  very  abund- 
ant, from  one  -  sixteenth  to  half  an  inch  in  diameter,  the  column  being 
composed  of  crystallised  carbonate  of  Hme,  which  has  a  handsome  appearance 
when  freshly  broken.  Another  very  abundant  and  characteristic  fossil  is  a 
species  of  Orthocera,  from  half  an  inch  to  two  inches  in  size,  often  abundant  on 
the  surface  of  the  rock.  Ammonites  have  also  been  found  in  it.  When  exposed 
near  the  base  of  the  hill,  this  stratum  forms  a  shelf  above  the  small  coal-bed;  it 
is  of  a  brownish-gi^ey  colom-,  and  outward  slaty  structure.  If  judiciously  selected 
it  will  make  a  good  hme,  and  has  been  used  for  the  purpose  on  the  IMechanics' 
and  Farmers'  Turnpike  at  Pittsburg.  In  company  with  the  preceding  strata,  it 
rises  to  the  N.  along  the  course  of  the  Alleghany  River.  It  has  been  detected 
in  Indiana,  Wilkins  and  Versailles  townships,  Alleghany  County,  and  in  Wash- 
ington and  Unity  townships,  Westmoreland  County,  and  on  the  Kiskiminetas, 
below  Saltzburg.    Thickness  about  2  feet. 

The  next  stratum  ascending  is  a  heavy  deposit,  consisting  of  shale,  passing 
into  slate,  with  sandstone  layers.    The  lower  portion  is  a  soft  shale  of  a  drab  ^15.— Type  of  Strata  at 

.  Pittsburg. 

or  yellowish  colour,  regularly  laminated,  and  decomposing  into  a  stiff  clay. 

Nodules  or  concretions  of  compact,  fine-grained,  and  tolerably  pure  limestone,  are  dispersed  through  it.  It  passes 
into  a  heavy  slate  of  blue,  yellow,  and  black  colour.    It  is  slightly  micaceous,  contains  a  good  deal  of  sand, 
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and  splits  into  plates,  somewhat  resembling  roofing-slate.  Upon  this,  in  some  places,  there  is  a  thick  bed  of 
slaty  sandstone,  passing  gradually  into  a  smooth  slate.  The  sandstone  layers  are  sometimes  very  compact 
and  heavy,  at  others  separated  by  bands  of  shale.  The  dark-coloured  portions  of  the  stratum  are  gener- 
ally fine-grained,  have  a  ready  cleavage,  and  contain  impressions  of  plants.  Plates  may  be  obtained  2  feet 
square,  beautifully  marked  with  these  remains  of  an  ancient  vegetation.  These  are  not  found  in  the  hard 
silicious  upper  layers.  The  whole  mass  is  sometimes  divided  in  a  vertical  direction  by  joints,  which  sejiarate 
it  into  prismatic  blocks,  and  impart  a  picturesque  appearance  to  the  exposed  portions.  Layers  of  calcareo- 
ferruginous  concretions  are  found  rmming  through  it  parallel  to  the  cleavage.  They  are  generally  roimd  and 
rough  or  knotty  on  the  surface,  and  from  2  to  4  inches  in  diameter. 

The  upper  part  of  this  bed,  immediately  beneath  the  overlying  stratum,  diflFers  frequently  in  appearance  from 
the  rest.  It  is  much  softer,  is  red  or  yellow  in  colour,  and  slightly  ferruginous.  The  hard  sUicious  portions 
afford  an  abundant  supply  of  good  flagstones.  The  dark  black  bands  have  been  mistaken  for  the  soft  shale 
accompanying  the  coal. 

This  member  of  the  series  may  be  traced  generally  along  the  watercourses  throughout  Alleghany  County, 
and  is  exposed  in  Unity  and  Franklin  townships,  Westmoreland  County.    Thickness  by  estimation,  100  feet. 

Grey  Sandstone. — Upon  the  above  there  rests  a  valuable  and  important  deposit  of  sandstone.  The  lower 
portion  is  very  solid  and  compact,  affording  an  excellent  material  for  building,  while  the  upper  portion  is  gene- 
rally too  slaty  and  too  much  broken  to  be  used  for  this  purpose.  The  prevailing  colour  is  a  light  grey,  with  a 
yellowish  tinge  ;  in  some  places  it  is  brown  and  brownish  green.  It  varies  in  composition  as  much  as  in 
colour,  but  generally  admits  of  being  easily  dressed,  and  of  being  readily  .split  into  prismatic  blocks.  Some 
portions  are  remarkably  micaceous,  in  others  the  mica  is  entirely  wanting.  Occasionally  it  is  not  fit  for  masomy, 
being  too  friable,  and  crumbling  too  freely  on  exposure  to  the  atmosphere,  chiefly  in  consequence  of  its  contain- 
ing in  these  cases  a  considerable  proportion  of  clay.  In  this  rock  the  lines  of  deposition  are  very  manifest, 
forming  beautiful  curves,  and  accurately  representmg  the  eddying  currents  by  which  the  fine  sand  was  originally 
deposited  :  these  are  most  evident  where  a-  brown  layer  interposes  itself  between  the  lighter-coloured  rocks. 
Imbedded  in  the  lower  parts  of  the  mass  are  great  quantities  of  pebbles,  which  diff"er  in  colour  and  composi- 
tion from  the  material  of  the  surrounding  sandstone  ;  they  consist  generally  of  a  di-ab  or  a  bluish-coloured  clay 
of  a  fine  texture,  and  contain  minute  specks  of  mica ;  they  are  from  1  to  15  inches  in  diameter,  but  always 
rounded,  and  apparently  water-worn.    The  question  of  their  origin  suggests  some  interesting  inquiries. 

The  lower  part  of  the  stratum  contains  also  tliin  seams  of  vegetable  remains.  These  fill  the  joinings  of 
the  layers,  and  are  composed  of  black  carbonised  matter,  which  in  some  instances  assumes  the  condition  of  a 
pure  coal.  They  are  slaty,  friable,  and  emit  a  bituminous  odour  when  freshly  broken.  These  impressions 
are  generally  so  interlaced  and  compressed  together,  that  it  is  difficult  to  distinguish  their  forms ;  now.  and 
then,  however,  distinct  figures  are  traceable  from  6  to  8  inches  broad,  and  with  curved  stems  of  considerable 
thickness. 

In  many  situations  this  rock  is  soft,  crumbly,  and  granular,  consisting  of  rounded  grains  of  sand  of  a  dark 
green,  and  sometimes  a  brown  colour,  passing  into  a  ferruginous  reddish  tint.  This  change  of  colour  depends 
upon  the  quantity  of  iron  present  in  the  rock,  and  the  stage  of  decomposition  to  which  it  has  arrived.  The 
grains  are  of  pm-e  white  quartz,  evidently  water-worn,  and  united  by  a  calcareous  cement,  particulaiiy  in  the 
green  and  brown  varieties.    In  the  former,  some  minute  fossil  univalve  shells  have  been  detected. 

This  rock  is  sometimes  met  with  in  a  state  of  complete  decomposition  in  the  form  of  a  coarse  sand. 
Certain  layers  are  yellow,  others  bright  red,  with  intervening  layers  of  grey  sandstone,  which,  containing  but 
little  iron,  have  resisted  decomposition.  In  these  cases  the  tliin  flakes  of  the  vegetable  remains  have  been 
replaced  by  layers  of  black  clay  and  sand  ;  the  rock  in  this  state  is  too  friable  to  admit  of  being  transported. 
The  upper  part  of  the  main  stratum  into  which  the  preceding  passes,  is  generally  very  schistose,  with  irregular 
laminations,  and  presents  a  broken,  shattered  appearance  ;  it  is  sometimes  very  full  of  nodules,  which  are  chiefly 
concretions  of  an  impure  iron-ore.  This  stratum  affords  an  abundant  supply  of  building-stone  to  the  city  of 
Pittsburg.    The  sandstone  employed  in  the  construction  of  the  court-house,  the  Western  Penitentiary,  and  other 
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public  buildings,  and  also  some  private  etlifices,  belongs  to  this  member  of  the  series.  It  is  qnanied  in  many 
places  on  the  Monongahela,  along  the  banks  of  which  it  may  readily  be  traced,  until  it  sinks  below  the  water- 
level.    Medium  thickness,  70  feet. 

Red  Shale. — This  is  a  bed  of  red  and  marly  shale,  internally  blue  and  mottled,  resting  on  the  schistose 
part  of  the  preceding  stratum,  and  forming  in  the  hill-sides  a  well-defined  belt  of  a  bright  red  or  piirple  colour. 
It  is  in  general  imperfectly  laminated,  slightly  calcareous,  and  contains  traces  of  fossil  shells.  It  is  not  exposed 
on  theliills  immediately  around  Pittsburg,  but  may  be  observed  on  the  level  or  slightly  undulating  flat  upon 
which  East  Liberty  is  situated.    It  extends  widely  through  Alleghany  County.    The  thickness  averages  12  feet. 

Above  tlie  red-shale  stratum  are  blue  or  yellowish-green  slates  marked  with  ferruginous  discoloration s, 
and  also  layers  of  sandstone.  Where  these  predominate,  the  rock  is  a  coarse  slaty  sandstone.  Thickness,  10  feet. 

Xo7i-fossiliferous  Lowest  Limestone  of  the  Barren  Measures. — This  is  a  well-defined  stratum  consisting 
of  a  hard  yellowish  or  buff-coloured  limestone,  jointed  into  square  blocks.  It  effervesces  freely,  gives  out  an 
argillaceous  odour,  and  is  marked  with  transjiarent  specks  of  crystallised  carbonate  of  lime.  It  probably  con- 
tains too  much  oxide  of  iron  and  argillaceous  matter  to  yield  a  good  lime.  Eor  weight  and  hardness  it  is  quite 
remarkable.  Although  frequently  exposed  along  the  hill-sides,  it  is  not  easy  to  trace,  as  it  is  very  apt  to  be 
covered  up  by  the  matter  from  the  overlying  shales.    Thickness,  3  feet. 

Upon  the  limestone  rests  a  stratum  of  red  and  blue  shales,  distinguished  by  its  want  of  tenacity,  its  bright 
colours,  and  smooth  cleavage.  The  red  and  blue  portions  are  irregularly  intermixed.  This  is  one  of  the  coloured 
shales  wliich  give  the  red  and  variegated  appearance  to  the  lower  part  of  this  series,  and  may  be  met  with  on 
the  sides  of  the  hills  and  ravines  throughout  Alleghany  and  the  N.  j^art  of  Westmoreland  counties.  Around 
East  Liberty  this  and  the  next  stratiim  are  found  on  the  surface  of  the  I'emarkable  Hat  on  which  that  suburb  is 
situated,  in  many  places  decomposed,  and  forming  a  red  soil.    Thickness,  4<  feet. 

Above  the  red  shale  are  buff  and  olive  shales,  18  feet  thick;  still  higher,  yellow  and  purple  shales.  The  lower 
portion  of  these  is  frequently  of  a  dark  pm-ple  colour,  and  is  very  soft  and  not  well  laminated.  The  prevailing 
colour  is  yellow.  They  are  frequently  exposed  on  the  sides  of  the  runs  and  watercourses.  Calcareous  nodules 
are  scattered  through  them,  sometimes  constituting  the  largest  portion  of  the  stratum.    Thickness,  10  feet. 

Second  Non-fossiliferous  Limestone  of  the  Barren  Measures. — Upon  the  preceding  is  a  thin  bed  of  lime- 
stone resembling  that  last  described  in  appearance  and  composition.  Blocks  of  it  are  frequently  scattered  along 
the  base  of  the  hills,  ha\ing  fallen  down  from  the  washing  away  of  the  underlying  bed  of  shale.  Thickness, 
2  feet.  Over  it  lie  red  and  yellow  shales,  soft  and  friable,  and  containing  a  few  calcareous  nodules.  Thickness, 
12  feet. 

Third  Non-fossiliferous  Limestone  of  the  Barren  Measures. — This  is  a  conspicuous  and  widely- expanded 
bed  of  limestone,  from  3  to  5  feet  in  thickness  ;  it  is  yellow  on  the  surface,  though  internally  its  colour  is  dark 
blue.  It  breaks  off  in  square  or  oblong  blocks,  which  are  hard  and  heavy.  Portions  of  it  might  perhaps  receive  a 
good  polish.  By  the  decomposition  of  the  underlying  shales,  it  is  often  found  tumbled  down  at  the  base  of  the 
high  hills  which  enclose  the  Monongahela  and  Youghiogheny  rivers,  along  whose  shores  its  fragments  are 
abundant. 

Over  the  hmestone  occurs  a  thick  and  important  deposit  of  shale  and  sandstone,  extending  up  to  the  next 
bed  of  limestone,  or  that  which  underlies  the  main  Pittsburg  Coal-seam.  It  is  perhaps  30  feet  thick.  It  may 
in  almost  all  cases  be  seen  where  the  coal  itself  is  exposed,  generally  in  the  character  of  a  grey  slate,  well 
laminated  with  interspersed  sandstone  layers,  varying  from  a  few  inches  to  several  feet  in  thickness,  and  sepa- 
rated by  soft  bands  of  shale.  The  upper  part  of  this  stratum  adjacent  to  the  Umestone  is  frequently  very  soft 
and  friable,  abounding  in  calcareous  nodules,  irregularly  dispersed  throughout  the  mass.  Occasionally,  but  not 
very  often,  the  sandstone  layers  increase  in  number  and  thickness  with  a  corresponding  dimiimtion  of  the  shales, 
giving  rise  to  a  sandstone  sufficiently  compact  to  lie  employed  in  building.  It  is  quarried  for  this  purpose  in 
the  vicinity  of  Pittsburg,  though  more  usually  its  principal  useful  application  is  in  supplying  much  excellent 
flagstone,  which  it  readily  affords,  of  large  size  and  very  sm(x»th  surfiice.  This  stratum  extends  through  the 
vaUey  of  the  Monongahela  from  the  foot  of  Chestnut  Ridge  to  the  W.  boundary  of  the  State,  obeyino-  the 
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general  inclination  of  the  accompanying  strata,  and  exposed  in  corresponding  situations.  The  sandstone  laj-ers 
very  frequently  exhibit  "  ripple-marks/'  disposed  with  great  regularity,  showing  that  the  rock  was  deposited 
from  a  rather  gentle  current,  and  probably  in  a  shallow  sea.  Impressions  of  plants  are  not  uncommon. 
Thickness  by  estimation,  30  feet. 

Pittsburg  Limestone. — Resting  on  the  above,  and  immediately  underlying  the  Pittsburg  Coal-seam,  is  a 
bed  of  blue  and  black  limestone,  in  layers  from  six  to  ten  in  number,  separated  by  shale,  the  whole  measuring 
about  25  feet.  One  of  these  layers  is  generally  found  immediately  under  the  coal-seam,  succeeded  by  the  prin- 
cipal body  of  the  shale,  beneath  which  are  the  remaining  layers  of  limestone  in  a  close  and  continuous  stratum. 
These  layers  are  from  1  to  2i  feet  in  thickness,  and  vary  in  their  colour,  which  is  generally  dark  blue,  though 
in  some  cases  it  is  a  deep  black,  and  then  the  rock  is  ferruginous,  and  gives  out  a  bitvmainous  odour. 
When  there  is  a  deficiency  of  calcareous  matter,  the  upjier  layer  adjacent  to  the  coal-seam  is  wanting,  and  its 
place  is  supplied  by  a  layer  of  excessively  hard  calcareous  nodules  called  "  Nigger-heads"  by  the  miners,  and 
which  ai'e  imljedded  in  the  usually  intervening  shale. 

Pittsburg  Coal. — This  consists  of  three  parts  :  first  the  main  breast  of  coal,  and  above  this  a  layer  of  clay, 
and  over  this  again  a  bed  of  coal,  forming  the  roof  The  former  of  these  rests  upon  the  Umestone,  from  which 
it  is  genei'ally  separated  by  a  few  inches  of  blue  clay  or  decomposed  shale. 

In  the  neighl)Ourhood  of  Pittsburg  the  lower  part  of  this  mass,  for  about  1  foot  in  depth,  abounds  in  thin 
seams  of  pyritous  shale,  and  is  hence  rejected  by  the  miners.  Above  the  main  seam  there  is  a  stratum  of 
blue  or  black  clay-shale,  dividing  it  from  the  coal  roof  It  is  hard  and  compact  when  first  dug  out,  bixt  on 
exposure  to  the  atmosjihere  crumbles  down  into  a  soft  clay.  It  is  generally  free  from  gritty  particles,  and  has, 
with  a  similar  layer  in  tlie  coal  next  the  roof,  been  advantageously  used  in  the  manufactm-e  of  fine  bricks. 
Above  it  is  the  roof  coal,  consisting  of  a  bed  of  coal  with  shale  intermixed  in  numerous  thin  layers.  Towards 
the  bottom  this  is  a  band  of  true  coal  from  1  to  2  feet  thick  ;  the  higher  layers  are  generally  thin.  The  coal 
in  this  part  of  the  seam  is  in  itself  of  good  quality,  but  the  expense  of  separating  it  from  the  accompanjnng  slate 
is  generally  too  great  to  justify  the  attempt :  hence  the  miners  along  the  Monongahela  content  themselves 
with  extracting  the  lower  division,  leaving  the  remainder  to  form  the  roof  of  their  drifts.  In  Alleghany  County 
the  main  breast  varies  from  5  to  6  feet  in  thickness.  The  quantity  of  pyrites  in  the  clay  and  shale  accompany- 
ing the  coal  is  very  considerable  ;  these  layers  readily  crumble,  and  when  exposed  to  the  atmosphere  are  gene- 
rally covered  with  copperas,  produced  by  the  chemical  action  upon  the  sulphuret  of  iron.  These  natural 
encrustations  of  copperas  are  very  common  throughout  the  district.  In  many  instances  the  coal  of  the  roof  has 
been  precipitated,  by  a  slipping  of  the  hill-side,  upon  the  lower  part  of  the  seam,  in  which  case  the  latter  has 
often  taken  fire  from  the  heat  evolved  by  the  chemical  decomposition  just  mentioned.  This  has  occurred 
particularly  at  the  mouth  of  Redstone  Creek,  in  Fayette  County,  where  the  overlying  shale  has  been  baked  and 
reddened  by  the  combustion,  and  hence  the  name  of  the  stream.  The  shale  and  clay  of  the  upper  part  of 
the  seam  abound  in  casts  and  impressions  of  plants,  many  of  which  are  very  beautiful. 

The  Northern  outcrop  of  the  Pittsburg  Coal  is  about  5  miles  N.  of  Pittsbm-g,  passing  through  the  highest 
hiUs  in  the  N.  parts  of  Westmoreland  Coimty  and  that  part  of  Beaver  which  lies  S.  of  the  Ohio  River.  In  the 
neighbourhood  of  Pittsburg,  the  coal  at  the  summits  of  the  hills  is  overlaid  by  a  bed  of  brown  friable  and 
compact  shale  of  a  ferruginous  appearance,  enclosing  sandstone  layers  of  greater  or  less  thickness,  which, 
increasing,  as  we  ascend,  in  number  and  size,  pass  gradually  into  a  compact  sandstone.  In  the  N.  part  of  the 
district  this  stratum  is  remarkaljle  for  the  quantity  of  mica  that  it  contains,  which  causes  the  sandstone  layers 
to  split  into  large  slabs  with  a  glittering  micaceous  surface,  and  imparts  to  them  at  the  same  time  a  crum- 
bling texture.  In  other  situations  it  abounds  in  vegetable  impressions,  apparently  the  stems  of  arundinaceous 
plants,  &o.  Very  frequently,  particularly  in  the  lower  part,  it  is  a  very  soft  brown  and  black  shale,  readily 
disintegi'ating,  and  has  a  splintery  fracture,  breaking  off  in  long  thin  prismatic  fragments  like  the  splinters  of 
decaying  wood.  The  surface  is  often  covered  with  an  efflorescence,  a  part  of  which  is  copperas.  There  are  two 
varieties  of  this  encrusting  matter — one  is  a  salt  of  a  pure  white  colom-  in  delicate  crystals,  and  a  gTeenish- 
yeUow  mass,  into  which  the  former  passes  by  longer  exposure  to  the  atmosphere.  The  whole  stratmn  varies  much 
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in  its  dimensions,  being  in  some  places  very  thick,  and  in  others  only  from  5  to  10  feet.  It  may,  however,  be 
estimated  at  30  feet  of  average  thickness.    It  does  not  contain  the  Redstone  Coal-bed. 

Above  this  occurs  the  Pittsburg  Sandstone  about  25  feet  thick,  and  the  shales  20  feet,  upon  which  lies  the 
Great  Limestone. 

The  Great  Limestone. — This  bed  may  be  traced  from  the  vicinity  of  Pittsburg  continuously  up  the 
]\Ionongahela  to  the  Virginia  State  line.  It  is  a  non-fossiliferous  deposit,  no  fossils  having  been  hitherto  found 
imbedded  in  it,  notwithstanding  the  frequency  with  which  it  has  been  examined  in  tracing  its  range  through 
the  country.  The  variation  in  the  thickness,  and  particularly  in  the  composition  of  the  stratum,  is  remarkable. 
It  consists  of  numerous  beds  of  limestone  separated  by  thin  seams  of  shale.  These  beds  are  sometimes  in 
contact,  at  others  they  include  thin  layers  of  shale  from  1  to  8  feet  in  thickness.  Instead,  however,  of  these 
partings  of  shale,  we  occasionally  meet  with  dividing-bands,  consisting  of  a  sandstone  which  is  calcareous, 
effervescing  slightly  with  acids,  and  passing  sometimes  insensibly  into  the  limestone. — The  limestone  itself  is 
generally  of  a  blue  colour  of  various  shades,  is  excessively  hard,  and  breaks  with  a  semi-conchoidal  fracture.  At 
other  times  the  layers  are  black  or  light  yellow,  and  contain  transparent  specks  of  crystallised  carbonate  of  lime. 
The  latter  variety  is  frequently  very  beautiful,  and  apparently  hard  enough  and  fine  enough  in  textm-e  to  receive 
a  good  polish  :  it  would  make  a  handsome  ornamental  marble,  although  the  thinness  of  the  layers  would 
interfere  with  its  extensive  use  for  architectural  purposes.  The  black  kind  is  very  hard,  of  a  slaty  structure, 
and  gives  out  a  foetid  or  bituminous  odour  when  bruised  or  struck.  This  kind  is  generally  found  in  contact 
with  the  interposed  black  shale.  In  some  instances  it  passes  insensibly  into  it,  when  the  shale  becomes  a 
black  calcareous  slate,  splitting  readily  into  smooth  plates,  and  effei'vescing  freely  when  touched  with  an  acid. 
Most  generally  the  shale  is  very  soft,  of  a  deep  blue  or  yellow  colour,  imperfectly  laminated,  and  decomposing 
readily  into  a  soft  clay.  Not  unfrequently  it  contains  layers  of  calcareous  nodules.  Occasionally  it  is  very  soft 
and  black,  resembling  the  outcrop  of  a  coal-seam.  In  the  S.  part  of  the  district,  instead  of  shale  we  find  two 
thin  layers  of  coal  separating  the  limestone-beds.  The  largest  of  these  is  2|  feet  thick,  and  has  been  opened  in 
several  places  as  a  coa?-seam. 

This  well-characterised  member  of  the  series  is  readily  recognised,  and  is  very  generally  exposed  in  the 
ravines  and  hill-sides  ;  but  being  a  rather  variable  mass  as  regards  its  minuter  features,  it  is  by  no  means  easy 
to  ascertain  in  every  case  its  precise  composition.  The  quarries  established  in  it  are  generally  mere  uncoverings 
of  the  upper  layers.  Such  is  the  case  with  those  in  Wilkins  and  Monongahela  townships,  Alleghany  County, 
where  the  rock  seems  to  thin  off  towards  its  N.  outcrop. 

In  Alleghany  and  the  N.  part  of  Westmoreland  counties  it  is  met  with,  covering  the  highest  hills  with  its 
lower  layers.  These  are  sometimes  seen  capping  the  insulated  summits  of  the  hills,  and  forming  a  natural 
pavement,  completely  detached  from  the  surrounding  strata.  Advancing  towards  the  S.,  we  find  it  gradually 
sinking  under  the  hill-tops,  and  showing  itself  lower  down  on  the  sides  of  the  creeks  and  small  streams,  and 
becoming  at  the  same  time  thicker. 

There  are  but  few  of  the  streams,  or  even  small  rmis,  emptying  into  the  Monongahela  from  Elizabethtown 
to  the  Virginia  line,*along  which  this  stratum  is  not  well  exposed,  its  beds  either  forming  a  series  of  horizontal 
steps  or  platforms  in  the  smaller  watercourses,  or  steep  and  smooth  escarpments  on  the  hiU-sides.  On  its 
almost  incalculable  value  to  the  agriculture  of  our  S.W.  counties,  I  need  not  dwell ;  but  I  cannot  refrain  from 
expressing  a  sincere  regret  that  the  importance  of  lime  as  a  fertiliser  should  continue  to  be  so  much  overlooked. 
It  is  proper  in  this  place  to  observe,  that  the  shales  between  the  limestone-beds  themselves  are  frequently  very 
calcareous,  and  are  consequently,  in  many  cases,  genuine  marls,  both  as  respects  their  composition  and  their 
agency  upon  the  soil. 
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THIRD  SUBDIVISION  OF  THE  THIRD  GREAT  BASIN  SOUTH  OF  THE 
GREENSBURG  AND  PITTSBURG  TURNPIKE. 

The  Pittsburg  Seam,  in  the  Third  Subdivision  of  the  Third  Basin,  is  cut  on  its  E.  outcrop  on  the 
Pennsylvania  Eaih'oad,  about  1  mile  W.  of  Grapeville  Station,  and  is  opened  upon  the  Greensburg  and 
Pittsburg  Turnpike,  half  a  mile  E.  of  Adamsburg,  with  a  gentle  W.  dip.  In  the  neighbourhood  of  Irwin's  it  is 
extensively  mined  by  the  Westmoreland  Coal  Company.    At  this  point  it  dips  very  gently  Eastward. 

Tracing  the  outcrop  S.  from  the  turnpike,  we  find  it  opened  on  the  lands  of  IVIr  Bess  and  others  :  coal, 
7  feet  thick.  It  is  opened  at  numerous  places  farther  S.  and  at  Taylor's  mill,  all  within  4  miles  of  the  turn- 
pike.   The  latter  is  half  a  mile  E.  of  Madison. 

Between  this  and  the  Sewickly  Creek  the  bed  has  been  opened  sometimes  on  the  E ,  sometimes  on  the 
W.  side  of  the  hills  that  contain  its  last  E.  outcrop  in  this  subdivision.  Upon  the  hills  of  the  creek,  and 
80  feet  above  the  water,  it  is  mined  at  Kiefer's  old  bank,  where  a  bed  of  limestone  is  seen  15  feet  below  the  coal. 

This  range  of  oj^enings  is  W.  of  the  termination  of  the  second  sub-axis.  From  the 
country  E.  of  them  the  bed  has  been  swept  away,  its  outcrop  sweeping  S.  from  the  point 
where  it  crosses  the  Sewickly  at  Kiefer's,  and  then  S.E.  to  range  along  the  side  of  the  first  sub- 
axis. — (See  the  Map.) 

Eight  feet  above  the  water,  upon  the  S.  bank  of  the  Sewickly,  the  Pittsbm'g  Coal-bed  has 
been  opened  at  Markle's  paper-mill. — (See  Eig.  516.) 
As  the  outcrop  ascends  the  hills  in  a  S.  course  towards  the  Mount  Pleasant  Turnpike,  it  is  opened 
_  ,  ,.0  within  half  a  mile  from  the  turnpike,  and  exliibits  a  thick  coal-seam,  and  limestone  below  it  6 
feet  in  thickness.  (See  Fig.  517.)  It  is  again  opened  on  the  turnpike  road,  9  miles  from  Mount 
Pleasant,  and  frequently  between  this  point  and  the  Youghiogheny  along  its  E.  outcrop. 

S.W.  of  the  same  point,  between  it  and  the  river,  in  a  space  of  2i  miles,  it  is  also  opened 
in  several  places.    Most  of  the  openings  are  in  the  draught  running  dowm  S.  to  Smith's  mill,  on  the  Youghio- 
gheny. Within  three-fourths  of  a  mile  from  the  river  are  Prick's,  Shoop's,  W.  &  S.  Rhode's  openings  ;  and  on  the 
_  _^„,      N.E.  shore  of  the  river,  about  1  mile  below  the  mouth  of  Jacob's  Creek,  is  Porter's  bank.  Near 
1 6--^S^^~' "  this  the  bed  crops  out  on  the  top  of  the  hills.    Anderson's  bank,  300  yards  from  Porter's,  is  not 

high  above  water-level,  and  a  short  distance  below  this  the  bed  ascends  beneath  the  bed  of  the 
Fig.  518.  »  ' 

Youghiogheny. 

Returning  to  the  Pittsburg  Turnpike,  and  descending  the  Youghiogheny  River,  we  find  the  Pittsburg  Coal- 
l)ed  opened  at  the  top  of  the  hill,  17  miles  from  the  latter  city,  and  measuring  as  in  Fig.  518  : — 

Roof,  Shale.    Coal,  4  feet;  Clay,  1  foot  ;  Coal,  4 J  feet. 
Ten  and  three-fourth  miles  from  Pittsburg,  the  Pittsburg  Sandstone  has  been  quarried  ;  it  is  a  yeUowish- 
grey  coarse  sandstone,  slightly  micaceous. 

Half  a  mile  E.  of  the  latter,  and  perhaps  30  feet  below  the  hill-tops,  is  a  coal-bank 
(Pittsburg  Coal),  which  gives  the  following  section  : — 

Shales  and  Sandstone,  10  feet;  Coal  and  Shale,  15  inches;  Clay,  8  inches ;  Coal, 
thin  slate,  3  feet ;  Clay,  1  foot ;  Coal,  5\  feet.    Interval,  2  or  3  feet  j  Limestone,  blackish,  15 
inches  ;  Slate  and  sandstone,  G  feet  exposed. 

Continued  downwards,  the  section  shows  further  some  thin  limestones.  That  marked 
9  inches  in  the  section  is  peculiar,  of  a  dark-green  colour,  granular  and  speckled.  resembUng 
some  of  the  bands  of  the  Umbral  Limestone  on  Chestnut  Ridge  ;  then  come  purple  shales,  as  at  Pittsburg,  until 
we  reach  the  fertile  vsdde  flat  of  Turtle  Creek. 


Fig.  517. 


Fig.  519.— Turtle  Creek. 
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Descending  Turtle  Creek  1^  miles  to  Funk',s  mill,  a  white  cliff  of  sandstone  is  seen  overhanging  it,  and  this 
is  the  last-mentioned  sandstone  of  the  above  section  ;  it  is  light-grey,  homogeneous,  micaceous,  with  dark,  smooth, 
ferruginous  nodules,  and  at  a  height  of  50  feet  above  the  water  ;  under  it  are  shales,  SO  feet  thick.  Beneath 
these  last  is  a  bed  of  FossiUferous  Limestone,  2  feet  thick,  dark-grey  and  slaty.  This  again  lies  upon  soft  yellow 
shale  in  the  creek. 

The  purple  shales  are  very  persistent  along  the  creek.  The  FossiUferous  Limestone  crops  out  from  the  bank 
of  the  creek  half  a  mile  above  the  bridge,  2  feet  thick,  of  a  greenish-grey  colour,  and  full  of  fossils.  The  red 
shales  above  it  effervesce  with  acid,  and  contain  minute  fossils  and  concretions.  This  is  2.5  feet  above  the 
water  of  the  chief  branch  of  Tui'tle  Creek.    In  the  hill  over  it  a  heavy  sandstone  stratum  crops  out. 

M'^CuUoch's  bank  is  13|  miles  from  Pittsbm-g.  The  upper  member  of  tlie  coal,  3  feet  thick;  the  lower 
member,  6  feet.    Shales  and  slates  continue  for  40  feet  to  the  summit  of  the  hill. 

On  the  hill-tops  bordering  the  Monongahela  Eiver  on  the  S.,  and  the  Pennsylvania  Railroad  on  the  N., 
there  are  numerous  openings  upon  the  Pittsbiirg  Seam,  fi'om  which  large  amounts  of  coal  are  extracted.  The 
coal  is  lowered  from  the  mines  upon  inclined  planes,  and  loaded  iipon  boats  on  the  river. 

At  the  road  to  M'^Keesport  the  Pittsburg  Coal  is  opened  on  the  S.  bank  of  Turtle  Creek,  1  ^  miles  from  the 
river,  and  at  the  same  elevation  as  upon  the  river  opposite  that  town.  It  is  probable  that  the  Fossiliferous 
Limestone,  which  we  have  above  described,  will  be  found  in  all  the  deep  runs  which  descend  to  the  river 
in  the  neighbourhood. 

FROM  McKEESPOET  TO  ROBBSTOWN  (WEST  NEWTON)  ALONG  THE  YOUGHIOGHENY  RIVER. 

At  the  mouth  of  the  river  an  alluvial  flat  occurs  upon  the  N.  side,  from  which  the  hill-sides  rise  steeply, 
exhibiting  a  line  of  low  chffs  formed  by  the  .sandstone  stratum  above  the  Fossiliferous  Limestone.  A  mile 
farther  up,  where  it  is  50  feet  above  the  present  water-level,  it  shows  unequivocal  marks  of  the  action  of 
flowing  water. 

Two  miles  from  the  mouth,  the  bottom  is  half  a  mile  in  width,  and  the  hills  are  low,  and  frequently  cut  down 
by  side-ravines.  Here  is  Cravens  salt-well,  460  feet  deep,  which  emitted  large  quantities  of  carburetted 
hydrogen  gas. 

No  written  account  was  kept  of  the  borings,  but  the  following  details  are  remembered :  — 

Coal,  1 2  feet  (?)  thick,  the  Elk-Lick  bed,  bored  through  at  a  depth  of  75  feet.  This  intimates  the  pre- 
sence of  a  bed,  with  top  and  bottom  .slates  ;  again  Coal,  2i  feet  thick,  at  a  depth  of  400  feet. 

In  a  creek,  which  enters  the  river  half  a  mile  above  this,  is  seen  a  thin  band  of  a  fossiliferous  limestone, 
and  over  it  3  inches  of  carbonate  of  iron  in  nodules. 

Around  Graham's  mills,  and  100  feet  above  the  present  water-level,  lie  great  water -worn  blocks  of 
sandstone  upon  the  hUl-sides. 

Where  the  road  crosses  the  hills  to  descend  again  to  the  river,  the  country  exhibits  exposures  of  the 
Pittsburg  Coal,  with  the  coal  and  limestone  strata  above  it.  The  Uniontown  (or  Sewickly)  Coal  just  enters  the 
tops  of  the  hills.  An  exposure  of  the  Pittsburg  Coal  is  seen  descending  the  ravine  to  the  river  :  Coal,  1  foot  ; 
clay,  9  inches  ;  Coal,  3  feet ;  clay,  8  inches  ;  Coal,  best,  6  (8  ?)  feet  exposed  (see  Fig.  520).  Dark-blue  lime- 
stone in  the  bed  of  the  run.  It  shows  a  slight  dip  N.  45°  E.  Six  other  chifts  are  opened  on  the  run,  which 
the  limestone,  7|  feet  thick,  underlies  for  300  yards. 

At  Snyder  s  mill,  upon  the  N.  side  of  the  river,  are  two  drifts  upon  the  Pittsburg  Coal,  at  a  height  of 
80  feet  above  the  water.  Brown  shale  extends  above  it.  A  short  distance  below  it  is  the  usual  thick  limestone 
stratum,  here  3  feet  thick,  remarkably  hard  and  solid,  and  covering  the  shore  with  the  fragments  of  its  outcrop. 
Under  it  are  at  least  15  feet  of  shale.    This  is  6  miles  below  Robbstown. 

The  coal  at  this  point  is  subdivided  into — Coal,  good,  4  feet ;  clay,  1  foot ;  coal,  6  feet  exposed.  (See  Fig.  521). 

High  above  two  banks,  a  quarter  of  a  mUe  farther  up  the  river,  heavy  strata  of  sandstone  crop  out 
along  the  hiU  ;  the  coal  itself  is  here  70  feet  above  the  water. 
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Fig.  520. 


Fig.  521. 


Fig.  522.— Sewickly 
Creek. 


A  mile  farther  up,  the  massive  limestone,  now  4  feet  thick,  skirts  the  water-level,  and  finally  disappears 
beneath  it. 

At  the  mouth  of  Little  Sewickly  Creek,  the  Great  Limestone  (above  the  Pittsburg  Coal 
forms  witli  its  thick  strata  the  hill-side,  while  the  coal-bed  lies  in  the  creek. 

On  the  N.  bank  of  the  Big  Sewickly  the  Great  Limestone  is  seen  in  walls 
30  feet  high,  a  stratum  of  slaty  sandstone  seemingly  dividing  it  midway  at 
about  r)0  feet  above  the  creek.  The  Pittsburg  Seam  is  probably  above  water-level  at  the  mouth 
of  the  Big  Sewickly  Creek. 

The  limestone  is  again  well  exposed  half  a  mile  farther  towards  Robbstown,  where  a  ri\Tilet  enters  the 
creek.  It  presents  appearances  precisely  analogous  to  those  that  characterise  it  at  Browns- 
ville. A  section  of  it  (see  Fig.  522),  commencing  at  about  half  the  height  of  the  hill,  and 
descending  in  the  series  of  its  strata,  will  read  as  follows  : — 

Limestone,  hard  and  blue,  6  feet.    Shale,  blue,  2  feet.    Limestone,  black,  slaty,  but  with  a 
clean  fracture,  and  effervescing  freely,  3  feet.    Limestoue,  light-blue,  weathering  white,  in  layers 
of  2  feet  each,  two  of  them  of  a  flaggy  structure,  26  feet.    Limestoue,  dark  blue,  in  layers,  4  feet. 
Clay,  or  calcareous  blue  shale,  3  feet.     Sandstone,  grey,  slaty,  micaceous,  7  feet.    Shale,  yellow, 
brown,  and  black,  1 6  feet  exposed,  but  it  probably  continues  down  to  the  water  of  the  creek,  and  is  then  25  feet  thick. 

At  RobbstoAvn  (West  Newton)  the  Pittsburg  Coal-bed  has  already  sunk  below  the  river-bed  of  the  You- 
ghiogheny.* 

Prom  Robbstown  to  Port-Royal,  4  miles  above  the  former  place,  the  outcrops  of  the  Great  Limestone  scaxp 
the  .sides  of  the  valley,  forming  the  major  part  of  the  hill-sides,  and  contain  at  Port-Royal  the  Redstone  Coal- 
bed,  2  feet  thick,  of  good  quality,  and  Isdng  immediately  between  two  layers  of  the  limestone  mass. — (See  Fig.  522.) 

At  Pollock's  mill,  1  mile  W.  of  Robbstown,  the  Seivickly  (?)  Coal  occurs,  60  feet 
above  the  Pittsburg  Bed,  3  feet  thick.  No  limestone  is  seen  between  them.  The  quality 
of  the  latter  is  good,  but  its  thickness  is  very  variable,  it  thins  out  locally  in  some  direc- 
tions.—(See  Fig.  523.) 

The  next  coal  above  is  seen  4  feet  thick,  in  a  high  knoll  2|  miles  W.  of  Robbstown, 
and  near  the  tunqjike.  Near  the  roof  is  a  clay-bed  6  inches  thick.  It  is  a  bro^Ti  inferior 
coal,  with  30  feet  of  hill  above  it. 

The  same  seam  (Uniontown  ?)  is  opened  at  nearly  three-fourths  of  a  mile  S.W.  of 
the  last  locality  ;  and  here  the  Great  Limestone  is  exposed  plainly  below  it. 
The  Pittsburg  Coal  is  exposed  at  the  mouth  of  the  run  which  enters  the  Monongahela,  S.W.  of  the  last-named 
opening,  and  2  miles  above  Williamsport. 

For  6  miles  above  Robbstown  the  massive  fragments  of  the  Great  Limestone  cover 
the  shores  of  the  Youghiogheny. 

The  Pittsburg  Coal-bed  at  Port-Royal  must  be  at  a  considerable  depth  below  the 
river-bed,  since  the  shales  above  it  form  the  banks,  and  the  coal  emerges  at  a  mill  one 
and  a  half  miles  above  the  town.    At  an  imperfect  opening,  half  a  mile  above  the  mill,  a 
clay  stratum,  2  inches  tliick,  may  be  seen  traversing  a  section  of  the  coal  2  feet  in  thick- 
ness, in  a  diagonal  direction.    At  another  opening,  half  a  mile  higher  up  the  river,  the 
members  of  the  bed  are  as  follows — (see  Fig.  524.) : — 
Shale,  30  feet;  Coed,  18  inches  ;  Clay,  1  foot;  Coal,  good  quality,  18  inches  ;  Clay,  1  foot ;  Coal,  7  feet  exposed. 
The  bed  rises  with  sufficient  rapidity  to  be  35  or  40  feet  above  the  water,  at  the  two  next  openings  a 
fourth  of  a  mile  higher  up  the  river.    Under  the  coal,  shale  appears  for  20  feet,  containing  ten  small  bands  of 
ore  ;  the  lower  one  is  nodular. 

Half  a  mile  below  the  mouth  of  Jacob's  Creek,  and  upon  a  run  which  enters  the  river  by  the  left  bank,  are 


Fig.  523.— West  of 
Robbstown. 


Fig.  524. 


*  Tiie  first  coal-bed  struck  in  boring  the  salt-well  here  was  at  a  depth  of  280  feet. 
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openings  upon  the  Pittsburg  Coal-bed,  exhibiting  the  two  clay  interlayers  and  the  lower  member,  8  feet  thick. 
Fifteen  feet  beneath  the  coal,  the  limestone  appears  in  the  run  very  black,  hard,  and  in  a  single  massive  stratum  ; 
beneath  it  is  a  grey  calcareous  sandstone.    The  coal-bed  is  again  opened  at  Whitaker's  mill. 

Mr  Davis's  Bank  is  the  first  upon  the  S.  side  of  the  river,  a  Uttle  below  the  mouth  of  Jacob's  Creek,  and 
25  feet  above  the  water-level. 

Above  the  mouth  of  Jacob's  Creek,  on  the  N.E.  side  of  the  river,  a  small  isolated  patch  of  the  Pittsburg 
Coal-seam  has  been  left  opposite  the  shovel-factory. 

As  the  seam  rises,  when  traced  up  the  Youghiogheny  River,  it  has  been  opened  1  mile  above  the  mouth  of 
Jacob's  Creek,  and  70  feet  above  the  stream  :  the  roof  is  slate  and  sandstone.  It  appears  again  in  the  first 
ravine  from  the  S.W.  above  this  bank  :  here  the  coal  strikes  the  water-level  of  the  stream  in  the  ravine,  and 
disappears  at  the  river,  350  yards  from  it. 

The  Pittsburg  Coal  has  been  repeatedly  opened  along  the  river-shore,  still  farther  \ip,  as  it  gradually  descends 
to  the  water-level,  being  mined  only  15  feet  above  the  stream  at  the  shovel-factory,  2  miles  below  Perryopolis. 

Here  the  bed  begins  to  rise  as  we  continue  to  ascend  the  liver,  and  is  opened  at  an  elevation  of  70  or  80 
feet,  500  yards  above  the  factory  :  the  outcrop  then  turns  into  a  little  valley  which  enters  from  the  S.E.,  and 
ascends  its  left  bank. 

The  hills  from  hence  to  Perryopolis  are  not  high  enough  to  contain  the  bed  :  they  rise  abruptly  from  the 
river,  but  do  not  attain  an  elevation  of  more  than  150  feet,  their  summits  forming  the  edge  of  the  so-called 
flats  of  Washington.  A  level  of  1000  acres  is  covered  with  round  water- worn  stones,  and  surrounded  by  a  lofty 
and  denuded  country'. 

The  surrounding  hills  are  rounded  and  low.  In  this  neighbom-hood  a  pure  sand  is  obtained,  which  is  used 
for  making  glass  both  here  and  at  Pittsburg. 

Carson's  sandbank  is  about  half  a  mile  from  the  river,  on  the  edge  of  a  sloping  hill,  and  is  about  20  feet 
deep.  The  general  colour  of  the  sand  is  pale  reddish-yellow.  Where  the  sand  is  i)ure  white,  the  gi'ains  are 
seen  to  be  soft,  fine,  and  much  smaller  and  cleaner  than  the  yellow  grains.  The  side  of  the  hill  is  covered  with 
rounded  blocks  of  sandstone,  from  12  to  20  inches  in  diameter.  Perfectly-roimded  pebbles  of  .sandstone,  as  large 
as  a  man's  fist,  are  imbedded  in  the  sand  itself  for  several  feet  below  the  surface.  The  sandstone  of  these 
boulders  bears  the  aspect  of  the  peculiar  "  salt-rock  "  of  the  Chestnut  Ridge.  Blocks  of  coarse  conglomerate, 
with  white  quartz  pebbles,  are  mingled  with  them,  and  come  from  the  direction  of  Laurel  Hill  or  Alleghany 
Mountain  stUl  farther  E. 

A  section  of  the  layers  in  the  sand  quarry  is  as  follows  : — 

Soil,  with  sand  and  pebbles,  about  3  feet.    Saud,  brown,  impure,  4  feet.    Saud,  very  white,  in  regular  layers, 
9  inches.    Saud,  brownish-red  with  black  streaks,  and  quite  compact,  4  feet. 

It  is  supposed  that  the  sand  results  from  the  decomposition  of  the  extremely  friable,  loose,  "  salt-rock  " 
boulders,  and  the  stratification  of  their  disintegrated  constituents  has  occurred  in  hollows  of  the  surface  along 
the  benches  of  the  hill-sides. 

Other  localities  occur  between  Perryopolis  and  East  Liberty,  where  the  relation  between  the  sand  and 
boulders  may  be  satisfactorily  studied.  Four  miles  above  Perryopolis,  blocks  of  the  salt-rocks  are  seen  upon  the 
surfiice,  10  feet  square  by  4  feet  thick,  lying  irregularly  in  the  woods,  and  sometimes  partially  decomposed  ;  they 
are  externally  of  a  dark-grey  colour,  but  internally  of  a  yellowish-brown,  with  red  streaks,  very  friable,  coarse- 
grained, and  readily  fractured.  The  edges  of  the  harder  parts  of  a  block  resisting  decomposition  are  traceable 
in  numerous  nearly  parallel  ridges  across  its  surface.  These  ridges  are  of  a  dark -red  colour,  and  contain  more 
iron  than  the  rest  of  the  mass.  The  irruption  of  these  blocks  certainly  dates  with  the  breaches  of  the  Yougliio- 
gheny  gaps  through  Chestnut  Ridge  and  Lamel  Hill. 

Perryopolis. — The  coal-openings  S.W.  of  the  town  are  Fuller's  and  Campbell's,  one  a  mile  and  a  quarter 
from  Perryopolis,  and  one  at  G.  Stickler's,  at  the  steam-miU,  near  the  water-level,  and  dipping  pretty  steeply  W.  : 
one  mile  S.  of  the  last,  Mr  Power  has  an  opening  high  upon  the  hUls  which  border  the  valley  in  which  is  Stickler's 
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mill.  Besides  these  we  may  notice  as  opened  at  the  time  of  our  visit,  A.  Robison's,  R.  Patterson 's,  near  its 
W.  disappearance  below  the  water-level  of  the  run  ;  half  a  mile  farther  S.,  Cook's  and  Wolf's  (floor  here  limestone), 
Hazen's ;  E.  Cope's,  at  the  bottom  of  a  deep  draught  S.  of  Hazen's ;  Fraser's,  half  a  mile  from  the  Redstone, 
where  the  hills  are  high  rounded  knobs,  overtopping  the  hills  upon  the  first  sub-axis,  W.  of  them  ;  M'Vey's  and 
Sharpless's,  where  the  outcrop  falls  into  the  Redstone  valley,  low  down  and  near  the  hill,  3  miles  below  the 
Connellsville  Turnpike.  Here  the  lower  coal-bench  is  9  feet  thick,  1  foot  blue  shale ;  upper  member,  coal  and 
.slate,  4  feet ;  roof,  blue  slate,  1 2  feet. 

Tracing  the  outcrop  of  the  Pittsburg  Coal-bed  in  the  second  subdivision  of  the  third  great  basin  S.  from 
the  point  where  it  crosses  the  Redstone  Creek,  it  dips  E.  underneath  the  water,  300  yards  below  Sharpless's  mill : 
it  has  been  opened  by  Mr  Hornbeck  a  quarter  of  a  mile  above  the  mill,  and  by  Brown,  M^'Coy,  Cowell,  Vale, 
and  Seanight,  near  the  National  Road.  E.  of  Vale's,  and  high  on  the  hills,  are  Mr  Wood's  openings  ;  Graham's, 
and  others,  near  the  National  Turnpike,  as  well  as  at  the  turnpike  E.  of  the  toll-gate,  5  miles  from  Uniontown. 
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ROCKS  ABOVE  THE  PITTSBUEG  COAL,  WEST  OF  THE  SECOND  SUB-AXIS,  AND  SOUTH  OF 
THE  PITTSBUEG  AND  GREENSBUEG  TURNPIKE. 

The  rocks  of  the  upper  series,  forming  the  hills  along  the  Big  Sewickly  Creek,  between  the  two  outcrops  of 
the  Pitt.sburg  Coal-bed,  at  the  tennination  of  the  second  sub-axis,  are  given  as  accurately 
as  the  observations  could  a^lmit  in  the  section  (Fig.  525)  as  follows  : — 

Slates  and  Sandstones  in  the  highest  hills,  90  (?)  feet.  Coal-bed  constituted  thiis:  Black  Slate, 
roof,  3  feet ;  Coal,  G  inches  ;  Blue  Shale,  C  inches  ;  Coal,  8  inches  ;  Blue  Shale,  3  inches;  Coal,  with 
thin  slaty  interlaminte  at  every  inch,  2  feet ;  Bhie  Slate,  8  inches.  Coal,  8  inches  ;  Blue  .Slate  and 
Coal,  1  foot.  Strata  not  exposed,  90  feet.  Coarse  gi'ey  Sandstone,  lower  part  greatly  contorted  and 
filled  with  wedges  of  coal,  4.5  feet.  Coal,  18  inches  ;  Slate,  with  interlaminse  of  coal,  12  inches  ;  Coal, 
18  inches  ;  Tliin  Slate.  Grey  Sandstone,  15  feet  ;  Limestone^  6  feet.  Micaceous  Sandstone,  flaggy, 
20  feet ;  Blue  Slate,  5  feet.  Limestone,  massive,  15  feet.  Coarse  grey  Sandstone,  massive,  15  (?) 
feet.  Limestone,  blue,  yellowish,  whitish,  pure  or  silicious,  including  thin  layei-s  of  sandstone  and 
slate ;  and  10  feet  of  dark  olive  shale,  few  fossils  in  any  pai-t  of  the  mass,  70  feet.  Micaceous 
sandstone,  23  feet  ;  Limestone,  8  feet.  Micaceous  Sandstone  and  olive  slate,  15  feet.  No  exposures, 
75  feet  ;  Sandstone,  8  feet,  exposed.  No  exposures,  85  feet ;  Dark  olive  Slate,  20  feet.  Pittsburg 
Coal,  upper  member,  3  feet ;  lower,  7  feet. 

The  Sewickly  and  Redstone  coal-beds  do  not  appear  in  this  section ;  they  probably  occur 
in  the  lower  intervals. 

The  Great  Limestone  in  the  section  crops  out  along  the  hill-sides  from  the  Presbyterian 
Church,  where  it  was  observed  all  along  the  creek  as  far  as  Markle's  mill,  toi  ming  steep  banks 
of  considerable  height,  and  lying  nearly  horizontal,  only  one  or  two  undulations  being 
perceptible. 

The  whole  thickness  of  the  rocks  in  the  upper  part  of  the  section  obtained  above  the  null 
is  probably  under-estimated,  as  several  exposures  could  not  be  so  identified  as  to  appear  in 
the  section. 

The  double  coal-seam  is  probably  the  Uniontown  Coal. 

The  9-feet  bed  of  mixed  coal  and  slate  is  found  high  on  the  hills  S.  of  Markle's  mill, 
and  reminds  us  of  Cox's  Coal,  occupying  a  similar  stratigraphical  position  on  the  highest  knob 
in  the  first  sub-basin  S.  of  the  Youghiogheny  River.  This  is  the  bed,  the  outcrop  of  which  is 
seen  upon  the  Robbstown  and  Mount  Pleasant  Tm-npike. 

The  Sewickly  Coal-bed  rises  from  the  water  3  miles  below  Markle's  mill,  and  the  Pitts- 
burg Coal  re-emerges  1  mile  farther  on,  the  first  opening  upon  it  being  1  mUe  from  the  mouth 
of  the  creek. 

Fig.  ^2D.--Big  Sewick-        Following  the  upper  group  of  rocks  above  the  Pittsburg  Coal-bed,  Southward  to  the 
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Fig.  526.— Yougbio- 
gheny  River. 


valley  of  the  Youghiogheny,  below  the  mouth  of  Jacob's  Creek  we  see  exposures  of  them,  which  we  have 
placed  in  sectional  form  (Fig.  526).  ,  -j;:-^ 

The  Pittsburg  Seam,  opened  by  Messrs  Anderson  and  Porter,  rests  upon  blue  slate  10  feet 
thick,  and  this  on  sandstone.  It  is  overlaid  by  40  feet  of  brown  shale,  and  disappears  beneath 
the  water.  Five  hundred  and  fifty  yards  below  its  disappearance,  the  Sewickly  Coal-bed  is 
seen  in  an  opening.  This  bed  is  here  4  feet  thick  ;  it  yields  good  coal,  and  is  oveiiaid  by 
soft  brown  shale,  with  sandy  layers  and  blue  shale,  splintering  like  old  wood  when  fractured  ; 
over  this  lies  sandstone,  and  over  it  the  Great  Limestone  strata. 

Calculating  the  vertical  distance  between  the  two  beds  from  the  distance  between  the 
openings,  and  supposing  the  uniform  dip  of  the  rocks  5°,  it  will  be  about  115  feet. 

One-fourth  of  a  mile  below  this  opening,  and  opposite  Smith's  mUl,  in  the  hill-side  S.  of 
the  river,  we  find  material  for  continuing  the  section  upwards,  thus  : — 

Blue  Shale  at  the  water-level.  Coal,  deep-black,  hard,  shining,  at  the  water-level,  3i  feet  ; 
Roof,  black  Slate,  3  feet;  Slate,  12  feet,  blue,  including  a  limestone  stratum,  3  feet  thick  ;  Sand- 
stone, 10  feet ;  Yellow  and  olive  Shale,  25  feet ;  Coal,  2  feet ;  Limestone  roof,  impure,  yellowish, 
massive,  12  feet. 

At  Williamsport  (Monongahela  City)  several  drifts  are  opened  upon  the  Pittsburg 
Coal,  exhibiting  in  all  the  same  relationship  existing  between  its  members,  viz.  : — 

Soft  yellow  Shale,  6  feet ;  Coal,  impure,  3  feet ;  Clay,  1  foot ;  Coal  (lower  member),  6  feet  ; 
Limestone,  top  visible. — (See  Fig.  527.) 

Ten  feet  under  the  coal  is  seen  the  top  of  a  brown  shale  stratum,  20  feet  thick,  full 
of  ferruginous  concretions.  Pm-suing  the  course  of  the  Pigeon  Creek  upwards  from  the  town  of  Williamsport,  a 
stratum  of  sandstone,  10  feet  thick,  is  observed  in  many  places  capping  the  liills  on  each  side  :  it  is  separated 
from  the  Pittsburg  Coal  by  the  capping  of  shales  which  overlie  the  latter,  and  it  may  be 
considered  the  representative  of  the  Pittsburg  Sandstone. 

At  the  mill-dam,  1|  miles  above  the  town,  the  limestone  under  the  Pittsburg  Coal 
forms  a  broad  checkered  pavement  for  the  creek,  and  a  little  above  this  the  coal  itself  forms 
the  bed  of  the  stream.    Above  this,  shales  and  sandstones  occupy  30  feet. 

At  WiUiam.sport,  the  hills  to  the  W.  form  a  flat  table-land,  covered  by  the  Pittsburg 
Sandstone  ;  those  to  the  E.  are  greatly  more  elevated,  rising  .300  feet  steeply  from  the  river ;  but  they  afford  no 
natural  sections.    At  their  base  runs  the  outcrop  of  the  Pittsburg  Coal  and  underlying  limestone. 

A  quarry  of  sandstone,  covered  with  shale,  occurs  above  the  roadside  ;  and  two-thirds  of  the  distance  up  the 
hill,  30  feet  thickness  of  it  is  exposed. 

Two  miles  from  Williamsport,  on  the  Brownsville  State  Road,  the  Great  Limestone  appears  in  the  stream, 
from  30  to  35  feet  thick,  and  in  6  or  8  layers,  overlaid  by  slaty  grey  sandstone,  upon  which  are  several  additional 
layers  of  limestone.  Where  the  State  Road  crosses  the  Turnpike  Run,  above  Greenfield,  the  Pittsburg  Coal  is 
opened  ;  it  is  thus  subdivided  : — 

Lower  member,  Coal,  7  feet ;  Clay,  1  foot ;  Upper  member.  Coal,  1  foot ;  Black  Slate,  3  feet. 

From  this  bed,  which  is  here  30  feet  above  the  water,  great  quantities  of  coal  have  been  extracted  farther 
up  the  run.  Between  Morris's  banks  and  Fredericktown  the  Pittsburg 
Coal-bed  has  the  Pittsburg  Sandstone  immediately  resting  upon  it ;  a 
fact  which  we  may  ascribe  to  an  ancient  slide  hiding  the  outcrop  of  the 
intermediate  shales,  which  may  be  explained  by  an  imaginary  section,  as  in 
Fig.  528.  (A  h  represents  the  soil  on  the  face  of  the  hill,  c  the  shale, 
the  outcrop  of  which  is  covered  by  the  slide  of  the  sandstone  above.) 
The  hills  are  very  steep,  and  remains  of  such  slides  are  visible.  At 
Fredericktown  the  Pittsburg  Coal  is  at  least  50  feet  above  the  river. 

Between  the  quarries  below  Belvernon  and  Columbia,  the  Pittsburg  Coal  lies  high  upon  the  hill-sides,  over- 
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Fig.  529. 


looking  the  Monongahela  Valley.  At  two  drifts,  2  miles  below  Columbia,  the  bed  is  opened  140  feet  above  the 
water-level.    Beneath  the  coal  a  sandstone  stratum,  10  feet  thick,  is  seen.    A  limestone  stratum  is  seen  above 

the  coal,  and  another  below  it,  at  an  opening  up  a  run  which 
enters  the  river  at  this  point. 

Half  a  mile  below  Cookstown,  the  Pittsbiirg  Coal  is  opened 
at  an  elevation  of  from  100  to  120  feet. 

Half  a  mUe  below  Belvernon,  on  the  W.  side  of  the  river,  is 
the  sandstone  quarry  (Pittsburg  Sandstone  ?)  which  furnished  the 
stone  for  the  WUliamsport  Bridge.  It  is  a  hard,  compact,  tough 
material.  Some  layers  of  it  contain  ferruginous  concretions,  which 
injure  its  apjiearance,  and  increase  the  difficulty  of  working  it 
as  a  building-stone.  The  colour  is  light-yellow  and  grey.  The 
main  breast  is  a  stratum  18  feet  in  thickness,  containing  carbona- 
ceous impressions  on  the  smface. 

Upon  the  sandstone  is  a  mass  of  compact  slates,  20  feet  thick, 
seemingly  once  subjected  to  great  pressure  from  above,  and  filling 
the  chasms  and  interstices  of  the  sandstone  mass  beneath  it ;  the 
line  of  juncture  between  these  two  formations  is  extremely  irre- 
gular.   In  one  instance  observed,  the  inserted  rock  was  a  mixture  of  ferruginous  clay,  slate, 
and  impure  coal.    The  same  appearances  are  observed  in  the  quarries  at  Williamsport. — (See 
woodcuts  a  and  6,  Fig.  529.) 

At  the  town  of  Greenfield,  and  below  it,  are  numerous  drifts  in  the  Pittsburg  Coal,  the 
variable  types  of  which  will  be  comparaljle  from  the  accompanpng  vertical  sections.    At  the 
first  drift  (Pig.  531)  the  coal  is  about  25  feet  above  the  run ;  at  the  second  (Fig.  530),  the 
limestone  underneath  it  is  10  feet  thick,  and  divided  by  layers  of  soft  black  shale.    Here  some 
layers  of  iron  ore,  3  mches  thick,  occur  in  the  bed  of  the  run.   The  lime- 
stone  is  water-worn,  and  reddish  on  the  surface,  yields  readily  to  the  knife,  and  is  full  of 
vegetable  remains,  as  are  also  the  slaty  layers. 
The  fourth  drift  is  at  the  steam-mUl. 

At  the  second  drift  upon  the  river  below  the  town,  a  sandstone  1 8  inches  thick  rests 
immediately  upon  the  upper  members.    The  bed  is  about  50  feet  above 
the  water. 

Two  miles  below  BrownsviUe,  a  coal-bed  is  seen  on  the  Greenfield  Road,  on  the  top  of  a 

higli  hill.    Assuminof  Brownsville  as  a  centre  of  observation  for  the  siir-  ' ' 
roundino-  country,  where  investigations  are  not  readily  reduced  to  accuracy 

^  J'  o  _  _        Fig.  532.— Below 

tlu'ough  continuous  vertical  sections,  we  offer  the  following  as  a  typical  GreeniiekL 
section,  based  uj)on  examinations  first  made  here,  but  afterward  extended  up  and  down  the 
river  and  its  numerous  side -waters.    The  section  is  exhibited  in  Fig.  533  :  — 


Fig.  531.— Below 
Greenlield. 
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Yellow  Shale.  Coal,  3  feet.  Yellow  Shale,  coarse  brown  sandstoue.  Shale,  blue,  yellow, 
sometimes  wanting,  10  feet.  Coal,  5  feet  (Waynesburg  Coal).  Yellow  Shale  (upper  part  clay) 
with  concretions,  5  feet ;  Black  and  yellow  Shale,  40  (1)  feet.  Coal,  2ifeet  (Uniontowu  I  Coal). 
Soft  yellow  Shale,  5  feet  ;  black  and  yellow  Shale,  with  sandstone  layers.  Limestone,  upper  layers 
black  and  slaty,  separated  by  shale.  Slate  generally  brown,  friable,  and  fossiliferous ;  pav. 
ing  sandstone,  fine-grained,  excellent  building-material,  micaceous  on  the  sm-face,  compact  or 
slaty,  lower  part  generally  compact,  abounding  in  vegetable  impressions,  12  feet  ;  Yellow  and 
black  Shale,  20  feet.  Limestone,  hard  surface,  white,  blue  within,  interlaid  by  Shales,  blocks 
crumbling  on  exposure,  sometimes  scaling  off  with  conchoidal  fracture  ;  upper  portion  blackish 
and  more  slaty,  exhibited  on  National  Road,  at  Kreb's  Hill,  Mouth  of  Eedstone,  Muddy 
Creek,  &c.,  forming  high  white  precipitous  cliffs,  30  feet.    {Great  Limestone.)    Shale,  brown 
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Fig.  534.— Kreb's  Knob, 
at  Brownsville. 


and  yellow,  thin  ;  Sandstone  (Pittsburg  Sandstone),  compact,  here  only  -5  feet ;  Shale  (sometimes  absent),  brown, 
with  layers  of  sandstone  (increasing  in  number  upwards),  contains  on  Redstone  a  thin  coal- 
bed  (Redstone  Coal),  30  feet.    Pittsburg  Coal,  two  members,  and  clay  between,  12  feet  thick. 

Opposite  Brownsville,  a  high  .sharp  hill  called  Kreb's  Knob,  overlooking  the  sur- 
rounding country,  and  visible  from  a  gi'eat  distance,  exhibits  the  following  section'— (eee 
Fig.  534)  :— 

No  exposures  except  a  few  thin  layers  of  Limestone,  and  a  thin  coal  outcrop,  50  feet. 
These  are  near  the  summit,  but  above  them  are  visible  at  one  place  20  feet  of  Sandstone,  and  a 
coal-bed  evidently  thin.  No  exposures,  but  fragments  of  Limestone,  35  feet.  Micaceous  Sand- 
stone, with  coal  laminje  at  its  bottom,  40  feet  ;  Blue  Shale,  2  feet.  Coal,  1  foot ;  Blue  Slate, 
4  to  8  inches.  Coal,  15  inches.  No  exposures,  65  feet.  Micaceous  Sandstone,  7  feet ;  No  ex- 
posures, but  fragments  of  Lime  and  Sandstone,  23  feet ;  Blue  Shale  and  sandstone,  10  feet. 
Great  Limestone  of  different  colours,  alternating  with  blue  shale,  30  feet ;  Dark  olive  Slate  and 
sandstone  layers,  28  feet.  Limestone,  yellow,  impure,  at  water-level,  below  which  but  a  small 
distance  must  lie  the  Pittsburg  Coal-bed. 

On  the  road  to  the  E.  of  Brownsville,  the  following  section  (Fig.  535)  was  com- 
piled : — 

Brown  and  black  Slate  from  8  to  20  feet ;  the  Great  Lvmestone .?  fine-grained,  with  layers 
of  light-blue  shale,  disintegrating  upon  exposures,  from  25  to  40  feet ;  Yellow  Shale. 

Above  these  occurs  a  limestone  bed,  4  feet  exposed  ;  and  near  the  summits  of  the  hills, 
150  feet  higher,  the  following  descending  series  of  rocks  : — 

Coarse  brown  Sandstone,  25  feet;  Blue  and  yellow  Shale,  5  feet;  Coal,  5  feet;  Shale, 
5  feet,  <fcc. 

This  is  a  valuable  bed  of  coal.  The  sandstone  is  exposed  in  three  separate  quarries 
along  the  turnpike,  and  forms  the  summits  of  the  hills.  It  is  coarsely  compacted  of  water-worn  grains  of  quartz 
of  the  size  of  small  shot.  Its  larger  layers  have  their  grains  united  by  no  cement,  and  therefore  exposure 
rapidly  crumbles  it  down  into  a  coarse  sharp-grained  white  sand.  The  strata  are  much 
disturbed  and  broken,  though  maintaining  their  general  horizontality.  Upon  the  run, 
below  the  Great  Limestone,  the  following  rocks  were  discovered  : —  ^ 

Sandstone,  20  (?)  feet ;  Black  Limestone,  with  interposed  Shales,  20  (?)  feet ;  Sandstone, 
20  (1)  feet ;  Yellow  and  black  Slate,  8  feet ;  Coal,  1  foot ;  Black  Slate,  35  (?)  feet ; 
Pittsburg  Coal. 

Here  the  Pittsburs;  Coal  shows  two  members  thus  : — 

Black  laminated  Slate,  17  feet ;  highly  carbonaceous  pyritous  Slate  (upper  member),  2 
feet ;  Clay,  1  foot ;  Coal  (lower  member),  7  feet. 

This  slaty  upjjer  member  will  Inirn  when  mixed  with  the  lower  coal,  and  moistened. 
The  nodules  of  sulplmret  of  iron,  when  broken,  exhiliit  vegetable  impressions.    The  lime- 
stone beneath  the  Pittsburg  Coal  is  separated  by  horizontal  planes  of  clay  and  black  slate  ;  "  ' 
it  is  sometimes  slaty,  sometimes  compact,  and  emits  a  strong  bituminous  odour  when 
freshly  broken.  It  is  10  feet  thick  at  one  drift ;  at  another  drift  it  has  beneath  it — 


Black  laminated  Shale,  2  feet ;  Coal,  1  foot ;  Limestone,  15  inches ;  Soft  blue  Shale,  full 
of  calcareous  nodules,  6  feet  in  the  bed  of  the  run. 

The  Great  Limestone  is  again  exposed  a  mile  higher  up  the  run.  In  one  quarry,  on 
the  brow  of  the  hill,  behind  the  Cove,  the  Pittsburg  Sandstone  is  seen  to  contain  abundance 
of  Calamites  and  vegetable  impressions  in  the  solid  layers. 

The  Pittsburg  Seam  is  opened  at  Cox's  and  Mitchell's  banks.  At  the  mouth  of  the  for- 
mer drift  the  clay  band  is  not  visible  ;  in  the  other,  it  is  2  feet  thick.— (See  Figs.  536,  537.)  ^^Swn^m^* 
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In  Fig.  538  we  have  a  section  of  the  rocks  above  the  Pittsburg  Coal,  as  exposed  along  Redstone  Creek 

between  Sharpless's  mill  and  its  point  of  emergence 
g  near  Linn's  mill,  thvis — 

0  Slate  and  Sandstone,  thickness  unknown  ;  Coarse  grey 

Sandstone,  massive,  40  feet.  Coul,  with  Slate  seam,  from 
G  to  8  inches  thick,  1^  feet ;  from  the  roof,  4  to  4i  feet.  A 


Fig.  ,536.— Cox's 
Drift. 


Fig.  537^— Mitcholl's  few  exposures  of  slate,  &c.,  20  feet.    Limestone,  yellow 
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and  blue,  impure,  with  slate  bauds,  10  feet.  No  expo- 
sures, 37  feet  ;  Micaceous  Sandstone,  blue  and  grey,  18  feet  ;  Yellowish  and  bluish  Shale,  4 
feet.  Coal,  soft  brown,  crumbling,  from  3  to  4  feet  ;  Floor,  black  Shale,  2  feet  ;  Limestone, 
blue  and  ash-coloured,  12  feet ;  Calcareous  yellow  Shale,  4  feet  ;  Yellow  Shale,  with  grey  Sand- 
stone, IG  feet.  Not  exposed,  9  feet  ;  Slate,  with  calcareous  layers,  17  feet.  Great  Limestone, 
strata  of  different  colours,  and  interlaid  with  slates  and  shales,  G7  feet.  Dai'k  olive  and  brown- 
ish Shales,  and  slates  with  layers  stained  with  the  rust,  and  containing  occasional  nodules  of 
carbonate  of  iron.    Pittsburg  Coal,  8  feet. 

From  A  upward  the  rocks  were  measured  in  a  gorge  near  Redstone  paper-mill, 
about  3^  miles  from  the  mouth  of  the  creek,  and  from  B  downwards,  near  Linn's  miU. 
Though  the  parts  were  measured,  some  error  may  exist  in  the  manner  of  their  connection 
in  the  section.    The  section  at  Brownsville,  however,  confirms  the  general  view  as  correct. 

The  Great  Limestone  is  often  exposed  along  the  creek. 

Upon  the  road  leading  Northward  from  the  National  Road,  .5^  miles  E.  of  Browns- 
ville, lie  great  masses  of  a  ponderous  sandstone  stratum  scattered  over  the  sm'face. 

About  3  miles  from  the  turnpike,  the  Pittsburg  Coal-bed  is  wrought  at  the  bottom  of  a  run,  it  is  roofed 
with  black  slate,  and  sandstone  is  exposed  for  15  feet  above. 

Beneath  the  coal  is  seen  a  limestone  bed  in  several  layers,  10  feet  thick  ;  one  of  the  layers  contains  nodules 
of  iron  ore.  Blue  slate  underlies  the  limestone,  and  passes  downwards  into  sandstone,  which  occupies  the  run 
thence  to  the  Redstone  Creek.  The  lower  part  of  the  shale  is  full  of  calcareous  concretions,  from  1  to  ]  2  inches  in 
diameter. 

The  Pittsburg  Coal  at  this  locality  is  about  40  feet  above  the  level  of  the  creek,  and  rises  Westward  obedient 
to  the  first  sub-axis. 

Higher  up  the  run  the  Great  Limestone  is  seen. 


Fig.  .538. — Redstone 
Creek. 


UPON  THE  EOAD  FROM  BROWNSVILLE  TO  UNIONTOWN. 

The  Five-Feet  Coal  (Waynesburg  [;"]  Coal)  can  be  traced  along  the  National  Road  a  distance  of  4  miles 
from  Brownsville  eastward  to  its  Eastern  outcrop. 

The  Two-and-a-IIalf  Feet  Coal  (Uniontown  [?]  Coal)  crops  out  upon  the  National  Road  5i  miles  E  of 
Brownsville  ;  and  the  Pittsburg  Coal-seam,  7^  miles  E.  of  Brownsville,  and  4-|-  from  Uniontown.  Its  Eastern 
outcrop  has  already  been  traced  by  the  line  of  openings  upon  it.  Here  the  coal  dips  at  an  angle  of  2°  W.  The 
Westerly  dip  continues  evident  to  within  2  miles  of  Brownsville. 

Upon  the  road  leading  S.  from  the  first  milestone  E.  of  Brownsville,  the  sandstone  above  the  Waynesburg  (?) 
Coal-bed  appears  in  large  blocks  strewed  about ;  it  is  of  a  coarse  and  friable  texture.  Farther  S.  is  seen  the  out- 
crop of  a  higher  coal,  at  least  3  feet  thick.  The  Five-Feet  (Waynesburg  [?]  Coal)  appears  on  the  hill-side  60  feet 
below  it ;  roof,  yellow  shale  (covered  by  gravel  and  pebbles  of  sandstone,  and  then  the  soil),  3  feet ;  Coal,  2^  feet ; 
Clay,  7  inches  ;  Coal,  good,  6^  feet  exposed — perhaps  thicker. 

The  sandstone  above  mentioned,  in  very  large  blocks,  is  again  apparent  half  a  mile  S.  of  the  coal  drifts,  with 
again  a  trace  of  the  Waynesburg  (?)  Coal  below  it. 

Descending  the  hUl-side  to  Duncan's  (Dunlop's)  Creek,  the  following  rocks  appear,  in  aU  perhaps  100  feet 
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in  thickness.  Sandstone,  slaty,  6  feet.  Literval.  Limestone,  first  in  the  layers,  with  shale  interlaminations  ; 
lower  part  in  four  layers,  10  feet  thick.  Sandstone  of  considerable  thickness;  brown  shale,  6  feet;  very  black 
soft  shale,  -i  feet.  Limestone  descending  to  the  creek's  bed,  slates  in  the  upper  portion,  10  feet  exposed.  This 
limestone-bed  is  seen  several  times  in  the  creek,  Avhere  the  road  descends  to  it  a  second  time,  Zl  miles  from 
Brownsville  ;  and  again  at  the  mouth  of  the  run,  a  fourth  of  a  mile  farther,  at  Merritstown,  where  it  presents  this 
section,  dipping  in  the  direction  E.  10°  N.  Sandstone,  limestone,  sandstone  and  shale,  some  of  the  layers  effer- 
vescing with  acids  ;  limestone,  hard,  semi-crystalline,  with  spots  of  pure  spar  :  altogether  perhaps  35  feet.  The 
limestone  forms  the  creek-bed  above  the  town.  Two  nules  N.E.  of  Merritstown  the  small  Uniontown  (?)  Coal 
appears  at  half  the  height  of  the  hill ;  floor  apparently  10  feet  of  shale. 

At  New  Salem  are  many  openings  in  the  Pittsburg  Coal  and  other  seams.  The  former  coal  is  here  8  feet 
thick. 

One  and  a  half  miles  due  N.  of  AP  Clellandtown,  on  the  side  of  a  high  hill,  the  ^ 
Uniontown  Coal-seam  is  exposed,  2^  feet  thick.    The  hills  are  here  high,  and  are  no  doubt 
based  almost  immediately  upon  the  Pittsburg  Coal.  e  s 

The  Uniontown  Coal  is  again  seen,  2  feet  thick  on  the  road,  5^  miles  S.  of  M'^Clelland- 
town.  Some  distance  below  it  is  the  Great  Limestone,  and  above  it  yellow  shales  compose 
the  hill,  which  is  itself  one  of  a  remarkable  chain  of  conical  eminences  ranging  N.  and  S.  ^ 

Haifa  mile  from  this  point,  at  the  mills  upon  Brown's  Run,  and  perhaps  150  feet  in 
depth,  from  the  steep  banks  of  the  run,  the  following  tolerably  accurate  section  (see  Fig.  539)  was  obtained  : — 

At  the  top  of  the  section,  Limestone,  hard,  splintery,  deep  blue,  speckled  with  crystalline  ^sparry  limestone,  esti- 
mated at  18  feet.  Blue  Shale,  lower  portion  a  black  slate,  with  calcareo-ferruginous  concretions  seen  on  both  sides  the 
creek,  20  feet.  Limestone,  upper  part  slaty  and  black  lower  part  massive,  interlaid  by  calcareous  shales,  5  feet. 
Uniontmvn  Coal,  2i  feet  ;  Floor,  black  Shale,  3  inches.  The  limestone  rests  directly  upon  the  coal,  the  upper  6  inches 
of  which  are  true  bony  coal,  that  is,  fine  interlaminations  of  coal  and  slate.  The  bed  seems  to  have  been  much  com- 
pressed, and  breaks  out  in  cubes  measuring  2  feet  on  a  side.  The  lower  few  inches  are  not  good.  Limestone,  single,  hard 
stratum,  2i  feet.  Co(d,  8  inches.  Pure  Coal,  with  a  little  black  slate  above  and  below  it  about  1  inch.  A  large  part  of 
the  bed  is  pure  glassy  coal ;  other  parts  of  it  are  interleaved  coal  and  slate.  Blue  friable  Shale,  thin.  Limestone,  hard, 
blue,  with  thin  shale  interlayers,  5  feet ;  Thin  Shale,  1  foot.  Paving  Sandstone  (of  the  Brownsville  section),  distin- 
guished by  its  peculiar  stratification,  in  bauds  only  an  inch  or  a  few  inches  thick,  while  blocks  of  it  appear  which  are 
10  feet  long,  4  broad,  and  4  thick,  and  lie  upon  the  hill-side.  These  might  be  split  into  flags,  as  a  closed  book  sepa- 
rates into  leaves.  The  upper  layer  is  here  I  foot  thick  ;  then  commences  the  slaty  or  flaggy  portions,  10  feet.  Shale, 
lower  part  bituminous,  3  feet.  Limestone,  hard,  blue,  non-fossiliferous,  G  feet.  Sandstone,  base  of  the  hill  and  bed  of 
the  run,  massive,  grey,  fine-grained,  rather  slaty  in  jjarts,  7  feet  exposed. 

At  Germantown  there  are  numerous  openings  in  the  Pittsburg  Seam.  For  two  miles  of  its  course  from  the 
river.  Cat  Run  exposes  this  bed  ;  its  thickness  is  8^  feet ;  the  clay  stratum  is  1  foot  thick,  and  near  the  top  the 
floor  of  the  coal  is  limestone.  Sandstone,  light  grey,  fine-grained,  20  feet  ;  above  this,  friable  slate,  containing 
vegetable  impressions,  10  feet :  Calamites  and  other  vegetable  impressions  occur  in  the  solid  sandstone.  The 
Pittsburg  Sandstone  may  be  traced  for  1|  mUes  below  the  town,  down  the  W.  bank  of  the  river,  the  latter  form- 
ing; ledges  of  rock. 

No  exposures  are  visible  along  the  W.  side  of  the  river  in  ascending  from  BrownsvQle  to  Crawford's  Ferry, 
3  miles. 

Numerous  coal-openings  occur  within  3  miles  of  Fredericktown.  At  Verron's  the  Pittsburg  Coal-bed  is  7 
feet  thick  ;  roof,  clay,  1  foot  ;  coal,  18  inches  :  Pittsburg  Sandstone,  massive,  30  feet  thick.  The  dip  of  the  bed  is 
said  to  be  due  N.,  or  down  the  river,  and  its  elevation  above  water-level  25  feet. 

Nineteen  coal-drifts  may  here  be  counted  along  the  outcrop  of  the  Pittsbiug  Coal.  In  all,  the  Pittsburg 
sandstone  is  seen  resting  upon  the  18-inch  upper  member  of  the  Pittsburg  Coal,  fine-grained  and  compact,  at 
least  30  feet  thick,  and  overlaid  by  pyritous  brown  shale,  perhaps  18  feet  thick,  and  this  again  by  3  feet  of 
sandstone. 
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In  some  places  the  sandstone  is  nuich  water-worn,  as  if  it  had  once  been  subjected  to  the  action  of  the  river- 
currents  standing  at  a  level  higher  than  the  present. 

At  Crawford's  Ferry,  2^  miles  above  Brownsville,  the  Pittsburg  Coal  lies  in  the  river-bed  ;  the  men  employed 
in  mining  it  are  compelled  to  stand  in  water  up  to  their  knees.  Its  coal  is  of  the  best  quality,  burning  fi-eely, 
and  breaking  out  of  the  bed  in  large  masses,  some  of  them  3  feet  in  length.  This  quality  of  the  coal  mined  in 
running  water  has  been  already  alluded  to,  in  speaking  of  a  coal-bed  in  the  first  sub-basin.  The  bed  has  been 
quarried  in  this  manner  a  mile  along  the  river  bottom  for  more  than  twenty  years. 

One  mile  above  Brownsville  a  stream  comes  in  from  the  W.  side,  upon  which  the  following  section  was 
obtained : — 

Slaty  Sandstone,  soft  black  slate,  5  feet  ;  Black  calcareous  Slate,  3  feet ;  Great  Limestone,  40  feet  ;  Black  Slate, 
5  feet ;  Slaty  Sandstone,  18  feet ;  Black  Slate,  8  feet ;  Slaty  Limestone,  6  feet ;  Hard  blue  Lim4- 
stone,  10  feet.— (See  Fig.  540.) 

It  is  possible  that  the  louver  limestone  may  be  a  sUde  upon  the  hill-side  from  the  upper 
limestone. 

At  the  mouth  of  Ten-mile  Creek  both  the  Pittsburg  Coal  and  Pittsbm-g  Sandstone  are 
exposed  ;  the  latter  probably  lies  near  the  surface  all  the  way  S.  to  Carmichaeltown,  where  it 
is  again  exposed. 

Fio.  S40.  — One  mile       rp^Q  ^^^^  ahalf  miles  S.W.  of  Carmichaeltown,  and     miles  from  the  river,  the  Sewickly  (?) 

above  Brownsville.  '  '  J  \  ^ 

Coal,  which  is  occasionally  seen  to  the  N.  of  that  place,  is  wi-ought  at  Ingram's  Tavern,  and 
yields  a  good  coal.    The  section  (Fig.  541)  is  as  follows  : — 

Soil,  3  feet ;  Broken  Sandstone,  3  feet ;  Yellow  Shale,  2  feet ;  Coal,  tolerably  good,  3  feet  ;  Clay  Slate,  6  inches  ; 

Coal,  3  feet.    Floor,  clay  filled  with  nodules  of  carbonate  of  iron  (1) 
Half  a  mile  farther  up  the  creek,  the  strata  of  limestone,  12  feet  exposed,  lie  in  the  bed  of  the  creek,  capped 
by  yellow  shales,  which  underlie  the  coal-bed,  how  far  is  not  known. 

The  coal-bed,  at  least  4  feet  thick,  is  again  seen  upon  a  brook,  which  enters  the  creek 
half  a  mile  farther  up.    Beyond  this  point  is  seen  descending  from  the  brow  of  the  hill 
a  tolerably  thick  bed  of  limestone  ;  shale  and  slaty  sandstone  form  a  ledge  12  feet  thick, 
then  a  thick  bed  of  limestone  to  the  creek. 
Fig.  541  —  Two  miles  neighbourhood  of  Carmichaeltown  there  are  to  the  K  three  beds  of  coaL 

michaei'^'^     °^  Upon  Muddy  Greek,  three-fourths  of  a  mile  from  town,  the  following  section  was  ob- 

tained : — 

Slaty  Pittsburg  Sandstone,  32  feet;  Friable  yellow  Shale,  12  feet,  apparently  much  compressed.    Coal,  3  feet; 
Clay,  3  inches  ;  Coal,  3  feet ;  Interval,  yellow  Shale,  40  (?)  feet ;  Coal,  2  +  feet,  50  feet  above  the  creek. 

The  coal-bed  is  wrought  for  several  hundred  yards  in  the  bed  of  the  creek,  and  yields  large  masses  of  coal. 
The  dividing-clay  is  sometimes  6  inches  thick,  at  others  it  dwindles  to  an  almost  imperceptible  laminoe  of  slate. 

The  Pittsburg  Sandstone  is  beautifully  j^itted  with  a  thousand  holes  of  every  shape.  It  is  compact,  and 
would  make  a  good  building- stone. 

Under  the  coal  is  a  bed  of  shale,  20  feet  thick,  which  contains  large  quantities  of  argillaceous  iron-ore  in 
flattened  irregular  nodules  as  laro;e  as  a  nian's  fist. 

Below  the  ferriferous  shale  a  limestone-bed  is  finely  exposed  in  several  layers  for  a  mile  along  the  creek, 
Snd  in  the  bottom  of  the  sliale  is  a  very  thin  coal-seam. 

Sixty  or  seventy  feet  above  tlie  Pittsburg  Coal  is  another  coal-seam  imbedded  in  soft  shales,  and  from  2  to 
3  feet  thick.    At  Mr  Davidson's  bank,  this  coal-bed  (if  indeed  it  is  the  same)  is  much  thicker. 

At  the  sawmill,  lower  down  the  stream,  and  in  the  bed  of  the  creek,  are  shales  12  feet  thick,  covered  by  a 
limestone  15  inches  thick.  Limestone,  perhaps  the  same  stratum,  continues  for  a  mile  down  the  stream,  covered 
by  shales.  At  one  place,  a  bed  of  hard  black  slate  rests  upon  the  limestone  in  the  bed  of  the  creek ;  this  lime- 
stone seems  here  almost  like  a  breccia  and  might  make  a  handsome  marble.  The  pebbles  are  of  the  size  of  a 
pea. 
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Below  the  last-mentioned  locality,  a  bed  of  limestone,  20  feet  thick,  forms  the  banks  of  the  stream  for  half 
a  mile,  and  at  last  rears  two  walls  from  30  to  40  feet  in  height,  facing  each  other.  This 
mass  of  limestone  is  divided  by  occasional  layers  of  blue  shale.  The  whole  must  underlie 
the  double  coal-bed  before  described  ;  and  if  this  be  the  Great  Limestone  above  the  Pitts- 
burg Coal,  the  seam  above  it  must  be  the  Waynesburg  Coal. — (See  Fig.  542  ;  observe  also 
the  double  coal-seam  in  the  Ki-eb's  Knob  section  opposite  Brownsville.) 

When  traced  still  farther  down  the  creek,  half  a  mile  or  so,  the  limestone  is  seen  to  JL 
be  supported  by  sandstone,  10  feet  thick ;  this  again  by  shales  20  feet  thick.    The  shale  is 
dark-blue,  hard,  laminated,  splintery,  chopping  off  like  woody  fibre ;  it  contains  a  few  round 
nodules  of  ore,  and  presents  some  slight  indications  of  coal. 

This  brings  us  to  a  point  on  Muddy  Creek  within  300  yards  of  its  mouth.    The  Pitts- 
burg Coal-bed  must  here  be  far  below  water-level. 

Upon  a  run,  2  miles  S.  of  the  Muddy  Run  mouth,  and  half  a  mile  from  the  river,  are  542.-Muddy  Creek, 
several  drifts  upon  the  same  coal-bed,  divided,  as  before,  into  two  beds  (upper  bench,  2  feet  9  inches ;  lower, 
2i  feet),  by  1  foot  of  clay.  These  drifts,  being  30  feet  above  the  bed  of  the  run,  are  at  a  stDl  greater  elevation 
above  the  river. 

At  the  mouth  of  the  Little  Wlnteley  Creek,  both  the  coal  and  the  limestone  (20  feet  thick)  are  exposed. 

Opposite  New  Geneva,  in  the  hill  back  of  Greensburg  village,  the  (Pittsburg  ?)  Coal  is  mined,  and  a  small 
bed,  perhaps  2  feet  thick  (Redstone  Coal),  is  seen  above  it.    The  latter  is  underlaid  by  a 
stratum  of  sandstone,  3  feet  thick,  between  which  and  the  lower  bed  are  yellow  and  black 
shales. 

The  flat  lands,  stretching  for  2  miles  back  of  the  village,  are  very  fertile. 

On  Whiteley  Creek,  at  Thompson's  mills,  limestone,  6  feet  thick  in  the  creek,  supports 
a  bed  of  coal,  4  feet  thick.  The  limestone  is  very  hard  and  black  inside  ;  but  outside  it  is 
of  a  ferruginous  brown,  and  lies  in  six  layers  (see  Fig.  543).  A  section  of  the  whole  hill- 
side behind  the  mill,  including  the  above,  is  as  follows  : — 

Yellow  Shale  ;  Coal,  thin ;  Shale  and  sandstone  ;  Coal,  Shale  ;  Soft  yellow  Shale,  with 
sandstone.  Limestone,  thick  ;  Shale  ;  Limestone  ;  Sandstone  ;  Limestone  in  five  layers  ;  Sand- 
stone and  Shale  ;  Shale,  6  feet.  Coal,  4  feet ;  Sandstone,  15  inches  ;  Shale,  15  feet.  Limestone 
in  the  creek,  6  feet  exposed. 


Fig.  543.— Whiteley 
Creek. 


The  coal-bed,  4  feet  thick,  is  the  same  that  is  worked  at  Ingram's  Tavern,  and  elsewhere  in  the  neighbour- 
hood, appearing  upon  the  road  half  a  mile  S.  of  Ingram's. 

No  exposures  occur  on  the  flat  land  within  3  miles  of  Carmichaeltown  to  the  S.  ;  but  the  knolls  are  com- 
posed of  soft  yellow  shales,  with  sandstone  strata  occasionally  interspersed. 

At  New  Geneva  the  hUls  are  about  300  feet  in  height,  and  the  Pittsburg  Coal-bed  is  opened  within  50  feet 
of  their  summit,  at  the  Glass  Company's  drifts.  A  section  of  the  strata  is  presented  by  the  quarry  on  the  hill 
at  the  mouth  of  the  creek,  which,  when  continued  down  to  water-level,  is  as  follows  : — 

First  drift.  Soil,  2  feet ;  Sandstone  and  Shale,  with  thin  coal-seams,  1 2  feet ;  Coal,  solid,  6  feet  exposed ;  floor  not 
known.  Second  drift,  Soil,  1  foot  ;  Broken  Sandstone,  5  feet ;  Shale,  soft,  friable,  3  feet ;  Coal,  solid,  8  feet ;  floor 
unknown.  Shale  and  Sandstone,  .30  (?)  feet ;  Shale,  soft,  rotten,  laminated,  yellow,  15  feet.  Quarry  :  Sandstone, 
compact  fine-grained,  light-grey,  speckled  brown — an  excellent  building-stone — 12  feet.  Blue  Slate,  5  feet  ;  Sandstone 
layer,  6  feet ;  Blue  Slate,  10  feet.  Limestone,  2  feet  ;  Shale,  5  feet.  Limestone,  2^  feet;  Shale,  12  feet.  Limestone, 
2  feet;  Shale,  3  feet.  Limestone,  3  feet ;  Soft  Shale,  3  feet.  Sandstone  and  Shale,  10  feet;  to  Creek-bed,  unknown, 
20  feet. 

The  strata  of  limestone  are  light  yellow,  excessively  hard,  making  a  dark  lime  difficult  to  burn.  The  inter- 
mediate shales  are  dark,  sometimes  black,  sometimes  decomposing  into  a  soft  blue  clay,  and  full  of  calcareous 
concretions. 
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Between  George  Creek  and  the  river,  the  country  is  level,  denuded  of  the  coal-bed,  and  covered  with  frag- 
ments of  a  conglomerate  containing  white  quartz  pebbles. 

At  the  sawmill  upon  George  Creek,  a  fourth  of  a  mile  above  its  mouth,  the  sandstone  quarried  in  the  above 
section  is  again  seen,  with  the  same  limestone-beds  below  it,  containing  transparent  specks  of  spar,  and  is  here 
chiefly  of  a  buff  colour.  Some  bands  of  the  sandstone  are  imperfect,  conglomeritic,  containing  pebbles  of  wMte 
quartz  as  large  as  a  pea.    The  section  here  is  as  follows  : — 

Soil,  Shale,  10  feet;  Sandstone,  massive;  Blue  Shale,  11  feet;  Limestone,  2  feet ;  Shale;  Limestone,  4  feet ; 
Blue  Slate,  7  feet ;  Yellow  Shale,  10  feet  ;  Limestone,  2  feet.  Interval,  Limestone  (?)  feet;  Yellow  Shale,  with  purple 
spots,  20  feet ;  Sandstone  and  black  Slate  on  the  bed  of  the  creek,  6  feet. 

Below  New  Geneva,  a  grey  slaty  sandstone  occupies  the  bed  of  the  river,  while  its  shore  is  strewn  with 
blocks  of  limestone  dislodged  from  the  outcrops,  which  are  upon  the  hills  above.  These  are  excessively  hard  and 
heavy,  of  a  black  colour  within,  but  turning  brown  upon  the  surface  by  the  oxidation  of  the  iron  they  contain. 

At  the  first  run,  1  ^  miles  below  New  Geneva,  a  limestone  stratum,  1 0  feet  thick,  rests  upon  the  sandstone 
of  the  river-bed ;  it  is  massive,  hard,  and  heavy.  Upon  it  rest  blue  laminated  slates,  10  feet  thick,  passing 
upwards  into  slaty  sandstone. 

A  few  hundred  yards  up  the  run  is  seen  a  coal-bed,  1  foot  thick  ;  floor,  slaty  sandstone  in  the  run  ;  roof 
yellow  shale,  12  feet,  passing  upward  into  sandstone  layers,  foUowed  by  shale,  and  aU  capped  by  2|  feet  of  lime- 
stone stratum  at  the  summit  of  the  hill-side.  This  latter  limestone  is  doubtless  one  of  those  given  in  the 
section  (Fig.  543). 

Keturning  N.  into  Washing-ton  County,  and  ascending  Miugo  Creek,  below  Monongahela  City,  we  find  an 
,  opening  a  fourth  of  a  mile  from  the  river  in  the  Pittsburg  Coal-bed,  which  seam  disappears 
g   beneath  the  creek-level  at  a  point  three-fourths  of  a  mile  farther  up  the  creek. 

Two  miles  W.  of  the  last  locality,  and  upon  the  N.  fork  of  the  Mingo  Creek,  a  small 
coal-bed  (Redstone  Coal)  passes  also  into  the  bed  of  the  creek.  This  is  no  doubt  the  same 
Fig.  544.— Mingo  Creek,  small  bed  that  is  seen  above  the  Pittsburg  Coal,  at  Robbstown  ;  it  is  here  about  40  feet 
above  that  seam  ;  is  between  2  and  3  feet  thick,  and  nearly  horizontal. — (See  Fig.  544). 
The  road  from  Brownsville  to  Pittsburg  ascends  the  Little  Mingo  Creek,  and  gives  exposures  that  are  worthy 
of  attentive  examination.  The  Pittsburg  Coal-bed  is  here  seen  opened  at  the  steam-mill,  and  may  thence  be 
traced  N.  through  FindlaysviUe,  as  it  gradually  and  regiUarly  rises  to  the  elevation  which  it  has  assumed  upon 
the  Monongahela  Clifi's  opposite  to  Pittsburg  City.  The  Great  Limestone  is  thus  also  seen  to  spread  to  a  con- 
siderable distance  N.  of  the  National  Road,  enclosing  within  its  convex  outcrop  the  major  part  of  Greene  and 
Washington  counties.  Three  miles  from  Pittsburg,  on  the  tm^npike  to  Washington,  a  quarry  has  been  opened 
upon  a  limestone-band  above  the  Pittsburg  Coal. 

There  is  an  opening  upon  the  Pittsburg  Coal-bed  one  mile  W.  of  Cannonsburg  on  the  tm-npike,  and  another 
up  the  valley  of  the  N.  branch  of  the  Chartier  Creek,  distant  one  mile  due  West  of  the  first  locality ;  the  plane 
of  the  bed  has  risen  (^Vestwa^d)  by  measurement  about  40  feet. 

One  mile  W.  15°  S.  of  the  last,  it  is  again  opened  nearly  at  the  same  level 
Half  a  mile  due  West  of  the  last  opening,  the  coal  disappears  beneath  the  bed  of  the  creek. 
Where  the  creek  comes  to  a  head,  and  forks  as  two  small  rivulets,  the  soil  from  the  Great  Limestone  com- 
poses most  of  the  hill-sides  as  they  gently  slope  outwards  towards  the  general  elevation  of  the  country,  which 
probably  in  no  place  is  more  than  200  feet  above  the  water  at  this  head  of  the  creek. 

Large  blocks  of  coarse  sandstone  are  seen  upon  the  ridge  or  high  lands  separating  the  head-waters  of 
Chartier  and  Cross  creeks. 

North  of  West  Middleton,  the  shales  above  the  Pittsburg  Coal  abound.  Upon  Cross  Creek,  3  miles  to  the 
N.  of  the  town,  the  Great  Limestone  is  exposed  in  its  lower  members  about  20  feet  above  the  water-level ;  the 
hiUs  around  being  little  less  than  200  feet  in  height,  but  gently  sloping,  and  of  irregular  form. 

Descending  Cross  Creek,  the  Pittsbm-g  Coal-bed  soon  appears  under  the  following  subdivisions  : — 

Coal,  2  feet ;  Clay,  2i  feet ;  Coal,  ih  feet. 
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Near  Pluraer's  mill,  one  and  a  half  miles  farther  down  the  creek,  the  Pittsburg  Coal  is  wrought  at  an 
elevation  of  100  feet  above  the  water.    Beneath  it  are  seen  limestone  and  very  massive  sandstone  strata. 

It  is  opened  again  one  and  a  half  miles  W.  of  the  last ;  the  hills  rising  200  feet  above  the  plane  of  the  bed. 
This  is  half  a  mile  E.  of  the  Virginia  State  line. 

At  the  mouth  of  Buffalo  Creek,  on  the  banks  of  the  Ohio,  the  coal-bed  is  opened,  the  hills  rising  above  it 
80  feet  or  more. 

The  Great  Limestone  strata  are  traceable  the  whole  distance  from  Washington  to  Wheeling.  For  18  miles 
W,  of  the  former  place,  along  the  National  Road,  the  country  is  very  hilly. 

At  a  point  4  miles  W.  of  Washington,  several  quarries  are  opened  in  the  Great  Limestone.  Some  of  its 
strata  are  of  a  very  dark  colour,  approaching  black,  which  recalls  the  fact  of  the  presence  of  the  Sewickly 
Coal-bed,  at  certain  localities,  in  the  very  middle  plane  of  the  calcareous  mass. 

Behind  the  town  of  Wheeling,  at  the  first  milestone,  upon  the  hill-side,  the  same  strata  appear  very 
compact,  and  30  feet  in  thickness.    The  successive  layers  are  parted  by  calcareous  .shales. 

Ascending  Wheeling  Creek,  the  Pittsburg  Coal  first  strikes  the  bed  of  the  stream,  and  afterwards  the  Great 
Limestone  does  the  same,  exhibiting  the  Sewickly  Coal  within  it  2  feet  thick,  at  a  place  a  short  distance  W.  of 
Fridelphia. 

At  West  Alexandria  the  inhabitants  have  command  of  the  Wajmesburg  Coal-bed,  but  prefer  to  use  the 
coal  from  Mr  Groding's  opening  upon  the  Pittsbiu-g  Coal,  7  miles  from  Wheeling. 

Throughout  all  this  country,  it  will  be  found  correct  to  say  that  a  great  bed  of  alternating  sandstones  and 
shales  overlies  the  Great  Limestone  :  it  contains  two  coal-beds. 

From  Washington  to  Waynesburg,  upon  the  National  Turnpike  near  Washington,  the  Great  Limestone  is 
opened  in  a  quarry. 

Three-fourths  of  a  mUe  S.  of  Martin's  Tavern,  where  the  Waynesburg  Road  leaves  the  National  Turnpike, 
two  sandstone  strata  are  visible  20  feet  asunder ;  the  lower  one  is  5  feet  thick,  the  upper  7  feet ;  they  evidently 
overlie  the  Great  Limestone,  and  may  be  the  equivalent  of  the  "  Paving-stone  "  of  the  Brownsville  section.  The 
upper  stratum  is  a  compact  mass  of  a  greenish-yellow  colom',  and  is  homogeneous,  fine-grained,  and  apparently 
contains  numerous  minute  scales  of  mica.  Part  of  it  breaks  into  handsome  slabs  3  inches  in  thickness.  It 
lies  about  40  feet  below  the  general  surface  of  the  country  in  this  neighbom-hood. 

The  Great  Limestone  is  exposed  in  the  hoUow,  three-fourths  of  a  mile  S.  of  the  above  locality.  Four  feet  of 
its  upper  portion  are  exposed,  and  over  this  lies  shale,  brown  and  friable,  20  feet ;  then  sandstone,  5  feet,  which 
may  be  the  lower  of  the  two  layers  above  described  :  above  it  there  are  indications  of  a  coal-seam. 

As  the  bed  continues  S.,  these  rocks  repeatedly  expose  themselves  to  the  day.  At  a  distance  of  1|  miles 
the  road  leaves  the  hollow  and  ascends  a  hiU,  over  the  sides  of  which  are  strewn  blocks  of  coarse  brown  sand- 
stone, and  at  its  top  the  stratum  appears  in  place.  At  the  very  summit,  a  hard  blue  limestone,  with  a  coping  of 
soft  yellow  shale,  is  seen.  From  thence  to  Amity  similar  appearances  present  themselves,  but  aU  exposm-es 
upon  a  broad  water-shed  like  this  are  unsatisfactory,  and  lead  to  few  results. 

The  nearest  important  coal-banks  are  4  miles  distant  from  Amity,  upon  Ten-mile  Creek.  Three-quarters  of 
a  mile  S.  of  Amity,  where  the  road  to  Waynesburg  descends  a  second  time  to  the  creek,  is  a  coal-bed  3  feet  thick, 
with  floor  of  shales  and  slaty  sandstone,  10  feet  down  to  the  creek's  bed.  Large  blocks  of  limestone,  18  inches 
thick,  lie  strewn  about,  having  fallen  from  above.  The  coal  is  so  poor,  being  divided  by  numerous  slate-bands, 
that  it  is  not  worth  working.  The  limestone  begins  to  appear  about  10  feet  above  the  coal,  and  seems  to  be  a 
thick  mass  when  traced  up  the  run.    Much  shale  lies  between  its  layers. 

Three  miles  from  Amity  the  same  limestone  is  seen  twice  upon  a  run  rising  100  feet  above  its  plane  :  the 
hills  offer  no  exposures. 

The  country  from  hence  to  Waynesburg  is  hilly,  not  well  cleared,  and  furnishes  no  good  exposures. 
Waynesburg. — The  following  section  was  measured  upon  the  S.  fork  of  Ten-mile  Creek,  a  mUe  below  the 
town,  in  descending  order  beneath  the  soil  : — 
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Slaty  Sandstone  ;  thin  blue  Slate,  15  feet.  Limestone,  S'layers,  4  feet.  Shale,  soft,  bluish-black,  4  feet.  Limestme, 
three  layers,  4  feet.  Blue  Shale,  with  row  of  hard  limestone  blocks,  3  feet  2  inches.  Coal,  impure,  20  inches.  Blue 
Shale,  friable,  full  of  calcareous  concretions,  7^  feet.   Sandstone,  massive,  2  feet  ;  slaty,  2  +  feet. 

The  Waynosburg  Coal-bed  is  exposed  for  2  miles  along  Laurel  Run,  which  enters  the  creek  from  the  S. 
2  miles  below  the  town. 

At  the  bank  at  the  mouth  of  the  run  are  seen  slaty  sandstone,  20  (?)  feet ;  Brown  slate,  hard,  and  in  part 
friable,  3  feet ;  Coal,  in  the  water,  2  feet  exposed. 

The  slate  above  the  coal  is  very  hard  and  ferruginous,  shows  surfaces  of  about  3  feet  in  length,  and  6  inches 
in  breadth,  and  contains  beds  of  a  true  conglomerate,  full  of  rounded  pebbles,  showing  the  action  of  water  at  the  time 
of  its  original  deposition.    It  contains  flags  of  an  impure  pyritous  iron-ore,  6  inches  long  by  1  inch  thick,  and  of 

silvery  lustre.    These  are  abundant  in 


Ingi-am's  Coal. 


.10  0 

.4  0 

0  2          2  0- 

the  shale  that  immediately  overlies  the 
coal,  which,  as  here  exposed,  is  pro- 
bably but  the  upper  member  of  the  bed 
separated  from  the  lower  by  an  under- 
mining of  clay-slate. 

FIG.  545.  Fig.  540.  Fig.  547.  Fig.  548.  The  Strata  undulate  iri'egularly, 

and  at  a  coal-opening  one  mile  higher  up  the  run,  dip  10^  N.  30°  W.    Here  a  section  of  the  bed  reads, — 

Sandstone,  1 0  feet ;  Shale,  very  brown  and  friable,  4  feet.    Coal,  20  inches  ;  Clay  band,  8  inches  ;  Coal,  1  foot 
exposed. 

The  whole  bed  is  opened  at  the  next  bank,  and  seen  to  be  6  feet  thick ;  thus  : — 

Coal,  20  inches  ;  Clay,  14  inches;  Coal,  3  feet  2  inches. 

The  pure  soft  clay  between  the  parts  of  the  bed  varies  so  as  to  be  sometimes  but  6  inches  thick,  and 
would  probably  make  good  fire-brick.    The  coal  is  very  good. 

At  Ingram's,  half  a  mile  higher  up,  the  dip  is  S.  20°  W.,  and  a  section  beneath  the  sandstone  and  shale 
(10  feet)  reads  as  follows  : — 

Coal,  17  inches ;  Clay,  2^  feet ;  Coal,  3  feet. 

At  another  opening  the  sandstone  is  exposed  10  feet,  and  the  shale  is  but  5|  feet  thick.  The  various 
measurements  are  given  in  Figs.  545,  54G,  547,  and  548. 

A  coal-bed,  imperfectly  displaying  3  feet  of  coal,  has  been  opened  at  the  top  of  a  hill  just  S.  of  the  creek, 
and  about  a  mile  E.  of  Laui  el  Run,  upon  which  the  openings  last  mentioned  are  situated  If -this  be  the 
Wajmesburg  Coal-bed,  then,  as  it  is  so  much  above  those  openings,  and  at  the  same  time  dips  Eastward,  we  may 
look  for  a  slight  anticlinal  axis  traversing  this  region  between  the  two  localities. 


CHAPTER  XXIX. 

COUNTRY  SOUTH  OF  THE  CONEMAUGH,  IN  THE  FIRST  AND  SECOND  BASINS, 
IN  SOMERSET  AND  FAYETTE  COUNTIES. 

As  this  region  has  been  more  minutely  described  in  Subdivision  II.  of  Book  IX.,  or  in  the  preliminary 
general  description,  than  other  portions  of  the  great  bituminous-coal  country,  little  remains  to  be  added 
except  such  groups  of  vertical  columns  as  may  serve  to  illustrate  the  text.  The  same  order  that  was  then  adopted 
v/Ul  therefore  now  be  observed  in  describing  the  sections  of  the  strata. 

First  or  Salzburg  Subdivision  of  the  First  Basin.  —  The  following  section  of  the  strata,  on  Elk 
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Lick  Creek,  in  the  S.  part  of  Somerset  County,  was  referred  to  in  the  general  description — (see  Figs.  549 
and  550) : — 

Great  Limestone,  several  feet  of  it  left  upon  the  top  of  the  hill  between  Elk  Lick  Creek 
and  Castleman's  Kiver.  Coal,  thickness  unknown  (Uniontown  Coal).  Interval,  Sandstone 
oO  feet.  Coal,  large  bed  (Sewickly  Coal)  ;  Coarse  Pittsburg  Sandstone,  25  +  ;  Black  Shales 
and  Slates,  15  feet.  Pittsburg  Coal,  9  feet.  Interval,  in  which  iron-ore  fragments  lie  scattered, 
60  feet ;  Black  Slate,  6  feet.  Barren-Measure  Coal,  1  +  foot ;  Sandstone,  30  feet  j  Black 
Slate,  20  feet.  Barren-Measure  Coal,  1|  feet;  Black  Slate,  35  feet ;  Sandstone,  12  feet; 
Slate,  1  foot ;  Black  Slate,  1  foot.  Barren-Measure  Coal,  2  inches  ;  Olive  Slate,  10  feet.  Elk 
Lick  Coal  (in  the  ravine  back  from  the  W.  side  of  the  creek),  4  feet;  interval,  pink  shale,  clay, 
12  feet.  CoaZ  (not  good),  12  inches;  Shale,  including  blue  carbonate  of  iron  (in  the  road), 
from  3  to  4  inches,  10  (1)  feet.  Coal  (?)  ;  interval,  of  whicli  the  lower  part  is  shale,  black  and 
buif  slate,  30  feet.  Vp'per  Freeport  Coal,  not  good,  and  in  two  beds,  2  feet.  Freeport  Limestone, 
5  feet ;  Coarse  Sandstone,  23  feet. 

Lower  Freeport  Goal  (?). — Massive  sandstone  to  the  bed  of  the  creek,  at  a  point  half 
a  mile  below  the  old  waggon-shop.  If  the  limestone  seen  at  the  old  salt-boring  be  the 
Freeport  Limestone,  the  section  (as  given  by  Mr  Jager)  of  rocks  bored  through  will  con- 
tinue as  follows  (see  Fig.  550)  : — 

Freeport  Limestone,  black,  and  slate,  2  feet ;  Interval,  18  feet.  Loiver 
Freeport  Coal,  1  foot.  Blue  Slate,  10  feet ;  Dark  Shale  and  sandstone, 
25  feet ;  Fire-clay,  2  feet  ;  Soft  argillaceous  Shale,  2  9  feet  ;  Layer  of 
Iron  Ore  ;  Black  Slate,  1 3  feet  ;  Grey  Sandstone,  1 4  feet ;  Argillaceous 
Shale,  30  feet  ;  Black  Slate,  27  feet  ;  Iron  Ore,  finest  quality  of  blue  i.F.c' 
carbonate,  compact  layer,  7  inches  ;  Slates,  1 2  inches.  Coal,  6  feet ;  yiq,  549  —Elk  Lick  Creek. 
Black  Slate,  4  feet.    Tionesta  (?)  Sandstone,  75  feet ;  Dark  Slate,  6 

feet.  Serai  Conglomerate  (?)  43  feet ;  Shale  (.?).  Sharon  (?)  Coal,  3  fe^t;  Sandstone,  G4  feet; 
Black  Slate,  18  feet. 

The  Pittsburg  Coal-bed  has  been  opened  on  Keim's  land,  and  on  that  of  Mr  Liver- 
good.  On  Piney  Run,  2|  miles  S.  of  Salzburg,  there  is  a  slightly  fossiliferous  limestone 
10  feet  thick,  and  dipping  N.W  :  it  has  been  quarried  for  the  National  Road.  Its  roof  is 
a  beautifully-variegated  sandstone,  above  which  lies  a  red  calcareous  sandstone.  For  60 
feet  beneath  the  limestone  occur  sandstones,  and  half  a  mile  down  the  run  appears  a 
fossiliferous  limestone  and  slate.  Precisely  similar  appearances  occur  in  the  valley  between 
Negro  Mountain  and  Winding  Eidge,  in  a  field.  Near  Berlin,  below  the  town,  a  coal-bed 
about  5  feet  thick  has  been  opened,  with  a  floor  of  black  slate  6  inches  thick.  About 
30  feet  below  it  occurs  a  bed  of  nearly  equal  size,  and  another  still  lower  in  the  series.  A 
bed  of  limestone,  supposed  to  underlie  the  middle  coal,  would  identify  it  with  the  Upper 
Freeport  Bed  (see  Fig.  551). 

This  Limestone  (or  perhaps  a  lower  one)  is  seen  upon  Castlemary  River,  at  the 
mouth  of  Buffalo  Lick  Creek,  where  it  is  5  feet  tliick,  and  has  a  coal-bed  over  it. 
The  most  important  dej)Osit  of  iron  ore  hitherto  brought  to 
light,  in  this  basin,  is  that  of  the  Elk  Lick  Falls  above  referred  to.  There  are  here  three 
layers  of  ore.  The  lowest,  measuring  1  foot  4?  inches,  is  a  nearly  solid  bed,  merely  divided 
into  blocks  rounded  at  the  edges.  The  other  two  overlie  the  first  at  a  distance  of  2  feet, 
and  together  contain  as  much  ore  as  would  be  equivalent  to  a  solid  band  about  4  inches 
tliick.  An  ore,  supposed  to  be  the  same  band,  was  discovered  2  miles  farther  down  the 
creek.  Several  thin  seams  of  ore  likewise  occur  on  Tubmill  Run,  half  a  mile  below  the 
sawmill,  but  they  are  not  of  sufficient  importance  to  attract  attention.    At  another  place  on  the  same  stream, 
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ore  is  said  to  have  been  opened  in  a  position  25  feet  below  a  coal-seam  3  feet  3  inches  thick,  identified  with 
that  at  the  falls  :  this  ore  is  stated  to  amount  to  15  inches. 

The  falls  of  Elk  Lick  are  a  succession  of  many  small  and  rapid  leaps,  winding  in  a  long  descent  through  a 
narrow  irregular  channel  in  the  sandstone  ;  the  rocky  walls  sometimes  overhang  the  stream,  which  is  then  dark- 
ened by  the  meeting  boughs  of  the  trees  and  the  tangled  stems  of  the  laurel,  Avhich  in  many  places  make  an 
almost  impenetrable  thicket.  The  defile  itself  is  alternately  contracted  into  short  narrow  passages,  and  widened 
into  more  spacious  chambers.  The  whole  scene,  though  of  limited  extent,  is  striking  for  its  novel  and 
picturesque  beauty,  and  in  perfect  keeping  with  the  wilderness  around. 

Second  and  Third  Divisions  of  the  First  Basin. — On  the  top  of  the  Alleghany  Mountain,  2  miles  S.  of 
the  Old  Portage  RaUroad,  is  a  bed  of  blue  flag-limestone  from  5  to  6  feet  thick,  supposed  to  be  the  Ferriferous 
Limestone. 

The  following  section  (Fig.  552)  is  descriptive  of  the  strata  exhibited  on  the  Alleghany  Moiintain,  at  the 
Pennsylvania  Railroad  Tunnel : — 

At  West  End  of  the  Tunnel. — Soil  ;  Argillaceous  Sandstone  and  shale,  8  feet  ;  Sandy  Shales, 
■with  balls  of  rough  ore,  10  feet.  Coal,  10  inches;  Calcareous  Fire-clay,  3  feet;  Sandy  Shales, 
1 0  feet ;  Light  grey  Sandstone,  4  feet ;  Fire-clay  Shales,  G  feet  ;  Olive  Shale  and  argillaceous 
sandstone,  1 2  feet  to  railroad-level ;  Interval,  40  (1)  feet. 

East  End  of  the  Tunnel. — Coal,  5  feet,  said  to  be  80  feet  below  the  upper  coal  in  the  air- 
shafts  ;  Coarse  Fire-clay,  3  feet  ;  Sandy  Shales,  7  feet ;  Argillaceous  Limestone,  some  beds  pure, 
10  feet ;  Sandy  Shales  and  argillaceous  sandstone,  30  feet ;  Interval,  30  (?)  feet.  Coal,  3  feet ; 
Interval,  80  (!)  feet.  Coal,  2  feet  in  the  railroad-cutting  near  Bennington  ;  Shale,  15  feet.  Coal, 
3  feet  G  inches  at  Bennington  ;  at  R.  Lemon's,  foot  of  Plane  No.  G,  3  feet  coal,  1  foot  slate,  2  feet 
coal  ;  Shales,  10  feet ;  Sandstone,  including  beds  of  blue  slate,  45  feet  ;  Black  Slate  ;  Ferruginous 
Shale.    Still  lower  a  coal-seam  1^  feet  thick  is  said  to  exist. 

The  large  bed  cut  at  the  E.  end  of  the  tunnel  contains  two  bands  of  slate,  but 
nearly  5  feet  thickness  of  coal.  It  is  mined  at  the  tunnel  by  the  Alleghany  Coal  Company. 
The  coal  is  exceedingly  columnar  and  soft :  the  fissures  are  at  right  angles  and  parallel  with 
the  strike.  The  same  bed  is  wrought  by  Samuel  Lemon  at  the  top  of  Plane  No.  6 ;  its 
dimensions  there  are  as  follows  : — 

Coal,  2  feet  10  inches;  Slate,  1  inch;  Coal,  IG  inches  ;  Slate,  3  inches  ;  Coal,  6  inches; 
dip,  2°  to  3°  N.W. 

It  is  also  wrought  by  Mr  Bingham  at  the  foot  of  Plane  No.  5  ;  also  by  IMoore  and  Ray, 
Dougherty  and  others,  farther  W. 

The  lowest  coal  of  the  section  is  that  wrought  by  Messrs  Lemon  and  Miller,  near  the  foot  of  Plane  No.  6. 
A  slate  band  from  a  few  inches  to  2  feet  in  thickness  divides  the  top  bench  3  feet  thick  from  the  bottom 
2  feet  thick.  At  Bennington  the  same  bed  is  wrought  to  supply  Harriet  Furnace.  It  is  there  3  feet  6  inches 
thick,  and  is  overlaid  at  15  feet  distance  by  a  smaller  bed  from  18  inches  to  2  feet  in  thickness. 

Near  Lilly's  Station  of  the  Pennsylvania  Railroad,  a  seam,  equivalent,  we  think,  to  the  Big  Coal  of  the  tunnel, 
and  4  feet  4  inches  in  thickness,  is  mined  and  coked  by  Mr  Tiley.  It  is  overlaid  by  blue  shaly  slate  containing 
some  nodular  iron-ore,  and  underlaid  by  the  following  strata  : — 

Slate,  &c.,  20  feet;  Limestone,  quality  not  tested,  10  feet;  Fire-clay,  2  feet;  Coal,  2  feet;  Fu-e-clay,  2  feet ; 
Limestone. 

Tiley's  Seam  contains  1  inch  of  slate  18  inches  from  the  bottom  ;  it  is  worked  by  Michael  Myers, 
about  a  mile  W.  of  Lilly's  ;  also  by  Stephen  Myers  and  David  Fox,  on  land  owned  by  Mr  White. 

At  the  head  of  the  Old  Portage  Plane,  No.  3,  a  seam  of  coal  18  inches  thick  is  clearly  exposed,  underlaid  by 
a  band  of  limestone  of  about  4  feet  in  thickness.  This  small  seam  clearly  overlies  Tiley's  by  as  much  as  pro- 
bably 50  or  60  feet.  In  a  cutting  at  the  foot  of  Plane  No.  3,  Tiley's  Bed,  and  also  two  subjacent  seams,  are 
brought  to  view.     The  first  of  these  measures  2^  feet  in  two  benches :  it  is  underlaid  by  fire-clay,  and  a 
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bed  of  impure  limestone  and  shale  containing  nodules  of  iron  ore,  to  a  depth  of  about  40  feet.    A  bed  of  coal 

2  feet  in  thickness  succeeds,  underlaid  by  slate. 

At  Plane  No.  2  a  limestone  appears,  judged  to  be  that  just  described  at  the  head  of  Plane  No.  3. 

Between  Plane  No.  2  and  the  village  of  Jefferson  no  productive  coals  are  visible  along  the  railway,  the 
principal  exposures  consisting  of  fine  blue  sandstones  and  shales.  In  the  latter  an  8-inch  seam  of  coal  is  visible 
at  one  locaUty.  Approaching  Jefferson  on  the  Portage  Eailroad,  one  or  two  important  beds  of  limestone  outcrop  : 
the  upper  of  these  is  3  feet  thick,  and  somewhat  slaty  in  character,  but  the  lower  presents  a  thickness  of  10  feet. 
Between  the  two  a  thin  bed  of  bituminous  shale  is  interposed.    The  dip  is  about  3°  W. 

Eesuming  the  line  of  the  Central  Railroad  from  Jefferson,  the  exposures  consist  at  first  of  olive  and  brown 
shales,  capped  by  sandy  shales  and  fire-clay  containing  some  nodular  iron-ore.  This  fire-clay  occupies  the  centre 
of  the  basin  on  the  road.  The  synclinal  axis  of  the  basin  thus  alluded  to  is  little  less  than  a  mile  W.  of  the  village 
of  Jefferson.  The  dips  on  its  W.  side  amount  to  about  8°  in  a  direction  S.  75°  E.  This  inclination  of  the 
beds,  it  will  be  observed,  is  steeper  on  the  W.  side  of  the  axis,  and  speedily  brings  to  the  surface  the  limestone 
and  thin  coals  seen  E.  of  Jefferson. 

The  lower  coals  are  nowhere  visible  on  the  railroad,  but  they  outcrop  doubtless  at  points  not  exposed  by  any 
cuttmgs  in  the  railroad  or  vicinity.  An  opening  has  been  made  by  Mr  Croyle  on  a  coal  4  feet  thick,  at  a 
point  about  three-quarters  of  a  mile  N.W.  of  Croyle's  Mills  (now  called  Summer  HUl).  This  opening  is  high  on 
the  hills,  probably  upwards  of  100  feet  above  the  level  of  the  creek  at  Summer  Hill.  At  Summer  Hill  Station 
the  strata  exposed  are  olive  sandy  shales  containing  some  iron  ore — not  enough,  however,  to  be  profitable — under- 
laid by  a  thin  band  of  limestone  and  a  small  coal.  The  only  workable  seam  of  coal  seen  in  the  neighbourhood 
of  the  railroad  is  about  a  mile  W.  of  Summer  Hill,  where  a  3^-feet  seam  was  opened  some  years  ago  on  the 
line  of  the  Portage  Railroad. 

At  the  South  Fork  Station  red  shales  and  sandstones  begin  to  make  their  appearance  ;  these  are  succeeded 
by  cross-bedded  grey  sandstones — some  beds  very  coarse  and  pebbly — to  the  Big  Viaduct,  where  Umbral  red 
shales  and  an  underlying  bed  of  calciferous  sandstone  are  elevated  to  the  creek-level  by  an  anticlinal  arch.  The 
inclination  of  the  strata  on  both  sides  of  the  viaduct  axis  is  very  gentle,  not  exceeding  2°  or  3°.  The  consequence 
is,  there  are  no  exposures  of  workable  coals  until  the  vicinity  of  Conemaugh  Station  is  reached.    Here  a  coal 

3  feet  in  thickness  is  opened  near  the  station,  and  higher  in  the  hill  a  seam  of  coal  underlaid  by  hydraulic  cement, 
and  known  as  the  cement  seam  of  Johnstown. 

The  accompanying  section  (Fig.  553)  will  exliibit  the  succession  of  strata  in  the 
vicinity  of  Johnstown  : —  < 

Limestone,  1  foot  6  inches  to  2  feet;  interval.  Coal,  6  inches;  interval,  12  feet.  Iron 
Ore  in  two  bands,  2  feet  to  3|  feet  ;  interval,  60  feet.  Coal,  3  feet  8  inches ;  interval,  iron 
ore,  (fee,  45  feet.  Coal,  2  feet  6  inches ;  Slate,  18  inches  ;  Limestone,  3  feet ;  Shale,  28  feet. 
Coal,  8  inches  ;  Shale,  12  feet.  Coal,  3  feet  6  inches;  Fire-clay,  Stigmaria  rootlets,  1  foot ; 
Calcareous  hydraulic  cement,  4  to  5  feet ;  Shale  and  Fire-clay,  10  feet;  Shale,  including 
6  to  12  inches  of  iron  ore,  50  feet.  Coal,  3  feet  3  inches,  at  or  just  below  water-level ;  ^" 
interval,  including  two  thin  coaly  bands,  45  (1)  feet ;  Serai  conglomerate. 

By  adhering  to  the  limestone  bands  as  fixed  horizons,  we  are  here  greatly  puzzled  to 
aflBx  names  establishing  the  identification  of  the  coal-beds.  Should  a  limestone  stratum 
be  found  under  the  upper  3  feet  8  inch  coal,  and  that  under  the  next  subjacent  coal 
prove  only  local,  the  diflBculty  vanishes,  and  we  have  the  proper  seams  of  the  Freeport 
group. 

The  iron  ore  near  the  top  of  the  section  is  worked  extensively  at  the  Cambria  Iron- 
works near  Johnstown. 

Fig.  553. — Johnstown. 

The  stratum  overlies  the  highest  workable  coal  about  60  feet ;  it  is  therefore  high 
in  the  hills  above  Johnstown.    Although  mined  for  a  long  time  on  the  N.  side  of  the  Conemaugh,  it  has  not 
been  detected  on  the  S.  side  in  its  full  thickness  :  examinations  have  been  made  for  it.    The  stratum  has  a  roof 
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and  floor  of  slate,  and  is  divided  into  two  bands  differing  in  character  and  thickness.  The  upper  band  varies  in 
thickness  from  18  inches  to  2^  feet.  Under  good  cover  it  quarries  in  square  blocks.  It  is  close-grained,  compact, 
dove-coloured,  oxidises  at  the  outcrop,  forming  a  Spanish  brown,  and  at  the  outcrop  is  always  shelly.  Analyses 
prove  it  to  contain  from  51  to  52  per  cent  of  iron.  The  lower  band,  separated  from  the  upper  by  a  thin 
band  of  bluish  indurated  fire-clay,  varies  in  thickness  from  6  inches  to  2  feet ;  colour,  a  liglit-blue  limestone, 
weathering  white  on  the  surface.  It  is  worthy  of  remark  that  where  the  upper  band  thins  the  lower  thickens, 
and  vice  versa  ;  so  that  the  average  total  thickness  of  the  band  is  from  2  to  3|  feet.  The  Cambria  Iron  Com- 
pany work  this  ore  with  coke,  and  sometimes  without  limestone. 

Between  Johnstown  and  the  flank  of  Laurel  Hill,  the  Coal-measures  occupy  a  flat  shallow  basin.  On  the 
Eastern  side  of  the  basin  the  dips  are  very  gentle,  so  that  the  Johnstown  ore-band  occu- 
pies a  high  position  in  the  hiUs  bordering  the  river.  The  bottom  rock  of  the  Coal- 
measures,  in  the  form  of  a  coarse-grained  grey  sandstone,  40  feet  in  thickness,  rises  to  the 
surface  near  the  seventy-sixth  mile-post  of  the  railroad. 

On  the  E.  slope  of  Laurel  HiU,  2  miles  from  Cambria  Furnace,  red  iron-ore  is  found  and 
wrought,  associated  as  follows : — White  Sandstone,  10  feet ;  Red  Shale,  8  feet ;  Red  Ore, 
16  inches  ;  Blue  and  red  Shale.  This  Umbral  red  ore  is  mined  and  used  at  Laurel  HiU 
Furnace,  G  miles  S.W.  of  the  Conemaugh,  on  the  N.W.  dip  of  Laurel  HUL  The  bed  is  12 
or  18  inches  thick,  capped  by  red  shale,  and  underlaid  by  white  and  red  clay.  A  thick- 
bedded  white  sandstone  is  cut  through  to  reach  the  ore  beneath,  which  makes  a  aood 
metal.  A  section  was  made  on  Stony  Creek,  at  the  Red  Bridge,  above  the  mouth  of  Ben's 
Creek,  Fig.  Sol? ;  it  reads  as  follows  : — 
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Fig.  554.— Stony  Creek, 
feet  exposed.    lu  all,  390  feet  of  rocks. 


From  top  of  the  hill  to  a  terrace,  perhaps  containing  coal,  30  feet.  Thin-bedded  coarse 
Sandstones,  under  it  large  masses  of  Shale,  in  all  70  feet ;  Brown  and  black  Shales,  6  feet ; 
Buff  and  olive  Shales,  8i  feet ;  Green  Slates,  G  feet.  CoaJ,  6  inches ;  Fire-clay  and  Shale,  4 
feet ;  Sandstone,  3  feet ;  Unknown,  10  feet  ;  Sandstone,  thin-bedded,  25  feet ;  Slates  and 
Shales,  12  feet ;  Ore  stratum,  3  inches ;  Fire-clay,  8  inches.  Coal,  2A  feet ;  Black  Slate,  6 
inches.  Limestone,  3  feet ;  Unknown,  15  feet ;  Massive  Sandstone,  with  some  shale,  6  feet ; 
Unknown,  7  feet ;  Blue  and  grey  Shales  and  slates,  10  feet ;  Thin  Sandstones,  40.  Limestone, 
2i  feet ;  Sandstone,  massive  in  lower  part,  34  feet  ;  Blue  Slate,  with  half  an  inch  of  limestone, 
5i  feet ;  Massive  Sandstone,  12  feet ;  Shale,  2|^  feet ;  Black  Slate,  3  feet ;  Clarion  (?)  Coal, 
good,  pyritous,  3  feet  9  inches ;  Black  Slate,  5  feet.  Massive  Sandstone  (at  the  abutment  of 
the  Red  Bridge),  28  feet ;  Black  Slate,  4  feet.    Brookville  (?)  Coal,  12  inches;  Sandstone,  30 


A  section  made  half  a  mile  W.  of  the  latter,  and  upon  the  slope  of  the  "  Hog's  Back,"  reads  as  follows,  and 
is  exhibited  by  Fig.  555  : — 

Sandstone,  flaggy,  30  feet.  Sandstone,  massive,  and  Shale,  GO  feet.  Coal  (?)  terrace  ;  Sandstones,  thin-bedded, 
no  exposures,  45  feet.  Pittsburg  (?)  Coal  (?)  terrace  ;  no  oxposvn-es  for  150  feet,  except  some  coal-slates  and  brown 
ferruginous  shales ;  Sandstone,  massive  and  flaggy,  3G  feet  ;  Olive  Shale,  G  feet  ;  Dark-blue  Shale,  4  feet ;  Sandstone, 
with  some  balls  of  ore,  25  feet ;  Dark  Shale,  3  feet.  Iron  ore,  nodules  in  contact,  12  inches.  Limestone,  hard  and 
ferruginous,  2\  feet ;  Fire-clay,  21  feet ;  Olive  Shale,  4  feet ;  Coarse  grey  heavy  Sandstone,  1 1  feet ;  Black  Slate,  1 H 
feet.  Coal,  4  feet ;  Slate,  3  inches  ;  Limestone,  G  feet ;  Blue-black  Shale  (ore  5h  to  1 2  inches),  8  feet ;  Dark-blue  Shale 
(ore  1  or  2  inches),  7  feet ;  Shale  (ore  one  band),  1  foot ;  Thin  sandy  Slate,  1 3^  feet.  Coal,  9  inches  ;  Shale,  blue  and 
sandy  (ore  two  bands,  2  feet  apart,  2  inches  thick  each),  14^  feet.    In  all,  445  feet. 

The  structure  of  this  section  seems  to  identify  its  coal  and  limestone  with  the  ferriferous  coal  and  limestone 
of  the  Clarion  group.  The  dip  known  is  Westward  (in  one  spot  11°),  and  they  may  belong  to  the  Free- 
port  group. 
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On  Livergood's  land  is  a  coal-bed  4  feet  thick,  with  large  quantities  of  iron  ore  in  a  7-feet  stratum  of 
shale  above  it ;  upon  this  rests  a  massive  sandstone  stratum  ;  and  60  feet  farther  down  in 
the  series  is  another  coal-bed,  unexplored. 

Two  beds  of  coal  and  limestone,  each  3  feet  thick,  occur  li  miles  N.E.  of  Johnstown  ; 
ferriferous  slate  here  overlies  the  coal. 

The  same  slate,  exceedingly  ferriferous,  occurs  above  the  coal  and  limestone  on  Stony 
Creek,  2j  miles  above  Johnstown.  The  column  (Fig.  556)  represents  a  section  constructed 
between  the  confluence  of  Paint  Creek  with  Stony  Creek,  and  the  Paint  Creek  Falls,  and  reads 
as  foUows  : — ■ 

Sandstone,  5  feet,  including  scattered  balls  of  iron  ore  of  no  great  value,  but  amounting  in  all 
to  perhaps  12  inches  in  thickness.  Iron  ore,  nodular,  12  inches.  Sandstone,  3  feet.  Iron  ore, 
nodular,  good,  5  inches ;  Sandstone,  2  feet.  Iron  ore,  balls  close  and  persistent,  good,  4  inches  ; 
Shaly  Sandstone,  9  inches.  Iron  ore,  compact  stratum,  of  excellent  quality,  2i  inches.  Sandstone, 
6  inches.  Iron  ore,  compact  stratum,  good,  li  inches;  Fine-bedded  Sandstone  and  Shale,  6  feet; 
Shale  and  Slate  (ore  scattered  throughout,  of  the  finest  quality,  and  in  all  perhaps  6  inches),  4i 
feet.  Slate,  black  laminated,  21  feet ;  Clarion  (!)  Coal  (dipping  S.E.  3°),  3  +  feet ;  Sandstone,  mass- 
ive, and  also  thin-bedded,  which  forms  the  cascade,  40  +  feet.  Level  of  bottom  land,  where  per- 
haps a  thin  coal-bed  exists  ;  Sandstone,  skirting  the  creek,  with  cliffs,  massive,  40  feet ;  Iron  ore, 
finest  quality,  of  blue  carbonate,  compact  layer,  7  inches.  Massive  Sandstone,  also  thin-bedded, 
including  8  inches  of  coarse  nodular  carbonate  of  iron,  30  feet ;  Shale,  5  feet ;  Sandstone  to  the 
mouth.  The  rock  is  falsely  bedded,  indicating  variable  currents  of  deposition ;  it  frequently  pre- 
sents conglomeritic  aspects,  and  may  be  the  Serai  conglomerate.  The  falls  are  perhaps  10  feet 
high. 
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At  the  forks  of  Paint  Creek,  as  the  section  exhibits,  there  is  at  the  sawmill  an  abundance  of  aood  ore  2 
feet  thick,  partly  "  rock  ore,"  or  continuous  strata,  and  partly  very  continuous  ball-ore, 
within  a  space  of  8  feet.  Besides  these  there  are  beds  of  large  nodules  in  the  5 -feet  sand- 
stone roof,  and  a  very  good  ore  in  the  4|^-feet  shale  below.  The  lower  band  farther  down 
the  creek  affords  masses  of  many  pounds'  weight,  lying  almost  loose  in  the  bed  of  the  creek ; 
but  it  cannot  be  mined,  because  it  seems  to  be  included  between  hard  massive  sand- 
stones. This  may  prove,  upon  trial,  to  be  merely  an  appearance  due  to  the  enormous 
amount  of  fallen  rocky  matter  which  lines  the  sides  of  the  gorge  through  which  the  stream 
now  flows. 

Two  coal-beds  and  two  Umestone-beds  outcrop  upon  the  hill  at  the  dam  on  Stony 
Creek,  2^  miles  below  Paint  Creek.    The  section  is  as  follows  : — 

Sandstone  in  fine  slabs,  forming  the  summit  of  Bell's  Knob,  near  Ehoad's  Camp  Creek, 
40  feet.  Coal  terrace  and  outcrop;  Shales,  olive  (fragments  of  iron  ore),  18  feet.  Coal  (?) 
terrace  {little  black  Slate);  Shales,  olive,  60  feet.     Coal  (?)  terrace;  Sandstone,  blackish,  15 

feet ;  Shales,  pink,  yellow,  olive,  with  fine-grained  Sandstones,  75  feet.  Coal  terrace,  10-feet  slope,  in  which  occurs 
either  the  large  bed  mined  on  the  opposite  side  of  the  creek,  or  else  the  small  bed  opened  in  the  mill-race,  1  foot 
thick  ;  Serai  conglomerate,  exposed,  70  feet. 

From  the  top  of  Link's  Hill,  upon  the  left  bank  of  the  creek,  we  have  the  following 
section — (See  Fig.  557) : — 

Coal  (?)  terrace,  60  or  80  feet  below  the  hill-top  ;  Sandstone,  35  feet ;  Olive  Shale,  sandstone, 
and  some  black  slate,  10  feet  ;  Brookville  (?)  Coal  (dip.  S.W.  10"),  5  feet. 

This  may  be  the  bed  of  that  terrace  above  alluded  to,  which  appears  50  feet  above  the 
road  leafling  Southward  to  the  Somerset  Road,  in  which  case  the  S.W.  dip  must  be  very  local,  yig.  557.— Rhoad': 
and  the  section  continues  downwards,  thus  : — Sandstone,  45  feet.  Camp. 

Goal  (?)  terrace,  with  springs  running  up  through  the  orchard,  and  doubtless  the  same  little  coal-bed  which 


Fig.  556.— Paint  Creek. 
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Fig.  558.— Stoystown. 


is  opened  in  the  mill-race.  This  coal-bed  appears  in  the  run  back  of  Mr  Link's  fields,  where  above  it  occurs  a 
band  of  very  fine  ore  3  inches  thick. 

In  the  narrow  middle  trough  of  Somerset  County,  the  Clarion  Coal-bed  (see  Fig.  558),  has  been 
developed  in  may  places  along  Little's  Run,  4  miles  N.  of  Stoystown.  The  bed  here 
contains  5  feet  of  good  coal.  Separated  from  this  by  100  feet  of  strata,  we  find  the  Fer- 
riferous Coal-bed  here  2|  feet  thick,  and  resting  immediately  on  the  Ferriferous  Lime- 
stone, from  3  to  -i  feet  thick.  The  place  where  this  appears  is  2^  miles  N.  of  Stoystown, 
at  Lohr's  limestone  quarry. 

The  Kittanning  Coal-bed  is  worked  by  Mr  Kimmel  at  Stoystown,  where  it  is  4  feet 
thick,  and  overlies  the  last  at  an  interval  estimated  to  be  from  40  to  50  feet. 

The  Upper  Freeport  (?)  Coal-bed  is  divided,  in  the  vicinity  of  Stoystown,  into  two 
beds  8  feet  apart,  and  each  of  them  3  feet  thick.  The  lowest  of  these  is  worked  on  a  little 
branch  of  Oven  or  Breastwork  Run,  about  2  miles  N.E.  of  Stoystown. 

There  is  an  outcrop  of  apparently  a  large  coal-seam  on  the  turnpike  E.  of  Stoystown, 
overlying  the  uppermost  of  these  beds  at  a  distance  of  about  90  feet.  This  is  probably 
the  Elk-Lick  Coal-bed.  Benches  or  indentations  on  the  sm-face  indicate  the  existence  of 
two  or  three  other  coal-beds  between  this  and  the  summit  of  the  highest  hills,  though  the 
localities  where  the  coal  has  been  opened  are  so  scattered  and  few  as  to  interfere  with 
aU  attempts  at  placing  them  accurately  in  the  series. 

A  small  quantity  of  iron  ore  reposing  upon  the  Clarion  Coal  at  tlie  railroad  summit, 
and  near  Summer  Hill,  becomes  in  the  vicinity  of  Stoystown  a  regularly-formed  band  of 
nodular  ore.  This  is  evident  from  fragments  seen  in  the  bed  of  the  small  creek  on  which 
Little's  Coal-bed  is  opened. 

A  band  of  sandstone  seen  over  the  same  coal-bed  at  Plane  No.  1,  and  at  Stony  Creek 
bridge,  appears  in  corresponding  place  over  Little's  coal. 

Two  small  beds  are  seen  under  the  Ferriferous  Limestone,  3  miles  N.  of  Stoystown. 
The  30-feet  sandstone  over  the  Ferriferous  Coal  makes  its  ai:>pcarance  here. 

Although  the  old  Shade  furnace  was  supplied  with  a  poor  ore,  which  led  to  its  abandonment,  there  occurs 
an  abundant  deposit  of  pretty  good  ore,  discovered  2  miles  farther  up  the  stream.  It  is  in  coarse  nodules,  some 
of  which  are  of  great  size,  though  a  small  layer  of  a  finer  quality,  and  a  few  inches  thick,  overlies  it  in  a  compact 
shale  at  a  distance  of  4  or  5  feet.  Between  10  and  15  fegt  above  this  latter  dayer  there  is  a  thin  seam  of  coal 
about  IG  inches  thick.  No  other  coal-bed,  and  unfortunately  no  limestone,  has  yet  been,  or  is  Ukely  to  be, 
discovered  in  this  immediate  neighbourhood.  Notwithstanding  the  scarcity  of  these  materials,  the  spot  seems  a 
sufficiently  favourable  one  for  the  manufacture  of  iron — tlie  ore  appearing  to  be  good  and  abundant,  and  fuel, 
both  charcoal  and  mineral  coal,  being  procurable  at  no  great  distance :  a  small  furnace  has  therefore  been 
erected  at  this  place.  The  geological  situation  of  this  ore  is  in  shale,  resting  dii^ectly  on  the  upper  surface  of  the 
coarse  Serai  conglomerate.  Indications  of  the  same  ore  occur  in  a  corresponding  position,  the  whole  way  from 
the  old  Shade  fiu-nace  to  the  mouth  of  Shade  Creek 

At  Lambert's  mill  there  is  a  bed  of  coal  3  feet  7  inches  thick,  and  over  it  12  feet  of  dai-k  shale,  containing 
a  yellowish  fine-grained  ore,  in  flattened  nodules,  weigliing  from  1 0  to  20  lbs.  The  aggregate  thickness  of  the 
ore,  in  the  whole  1 2  feet  of  shale,  is  estimated  at  2  feet.  Ten  or  twelve  feet  beneath  the  coal-bed  lies  a  band 
of  limestone,  in  thickness  about  2  feet. 

A  locality  important  for  its  iron  ore  is  on  Wells'  Creek,  5|  miles  N.E.  of  Somerset.  Here  a  layer  of  lime- 
stone occurs  in  the  bed  of  the  creek,  resting  on  a  blue  sandstone,  which  forms  the  bottom  of  the  channel.  The 
limestone  is  said  to  be  in  all  6  feet  thick,  though  only  2  feet  are  exposed.  A  coal-bed  showing  a  promising 
outcrop  appears  a  few  feet  above  the  limestone,  and  indications  of  other  coal-seams  present  themselves  farther 
up  the  hill.  One  of  these  upper  beds  has  been  worked..  At  the  top  of  the  hill,  nearly  300  feet  above  the  stream, 
in  a  sterile  tract  of  a  few  acres,  many  pieces  of  a  very  rich  red  ore  have  been  met  with,  but  the  quantity  remains 
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unknown.  This  spot  deserves  examination.  Should  the  ore  be  abundant,  its  value  would  be  enhanced  l)y  its 
proximity  to  another  deposit  of  ore  on  Stony  Creek,  with  which  it  might  be  worked.  A  furnace  is  much  wanted 
in  this  part  of  the  country,  where  charcoal  and  water-power  are  both  plenty. 

The  ore  just  referred  to  on  Stony  Creek  is  at  the  "Silver  Diggings,"  about  2  miles  above  "the  mouth  of 
Wells'  Creek.  Here  a  shaft  28  feet  deep  was  found,  which  passed  through  two  bands  of  ore,  the  lowest  of 
which,  lying  lower  than  the  bed  of  the  creek,  cannot  be  worked.  The  upper,  though  a  small  seam,  consists  of 
very  pure  ore.  This  is  of  insufficient  thickness  by  itself,  but  at  the  upper  edge  of  the  shaft  there  is  another 
layer  of  ball  ore,  apparently  of  ample  size,  possessing  an  aggregate  thickness  of  ore  equal,  we  think,  to  1  foot. 

Along  the  turnpike  W.  of  Somerset  village  the  following  section  was  made,  which  only  approximates  to  the 
truth.  It  begins  at  a  point  2i  miles  E.  of  Laurel  Hill  Creek  on  the  top  of  a  steep  hill,  where  the  exposures  are — 

Shale,  6  feet ;  Hard  grey  Sandstone,  passing  into  shale  (affording  a  good  example  of  the  facility  with  which  this 
change  seems  to  have  occurred  in  the  original  deposition  of  all  these  argillo-silicious  rocks),  7  feet ;  Black  Slate,  6  inches  ; 
Variegated  Shales,  10  + feet.  To  the  Eastward  are  seen  (how  far  beneath  the  last-meutioued  strata  is  uncertain,  but 
not  100  feet)  contorted  sandstone,  40  +  feet ;  and  Shale,  15  +  feet.  Coal  terrace  ;  Shales,  50  feet.  Coal  terrace  ;  thinly- 
bedded  Sandstone,  60  feet ;  Eed  and  variegated  Shales,  30  feet.  These  are  within  2  miles  of  Somerset.  All  these 
rocks  dip  scarcely  2°  towards  the  N.W. 

At  Laurel  Hill  Creek,  near  Milford,  the  following  section  (see  Fig.  559)  was  obtained  : — 

Shale,  olive  and  blue,  hill-top,  18  feet.  Coal,  slaty  and  poor,  \\  feet;  Olive  Shale,  with  a  little  red  shale,  15 
feet ;  Sandstone,  easily  traced,  20  feet.  Coal,  thickness  unknown  ;  Red  and  variegated  Shales,  25  feet ;  Olive  and  blue 
Shales,  25  feet.    Coal,  thickness  unknown  ;  Sandstone,  8  feet ;  Shales  and  Sandstone,  20  feet. 

The  uppermost  coal  is  seen  terracing  the  hill  above  Mr  Hershberger's  sugar  camp ; 
the  third  bed  (descending)  is  seen  at  his  spring  house,  and  I'anges  high  up  in  Mr  Scott's 
fields  ;  the  fomth  coal  was  opened,  1 1  feet  thick,  at  Mr  Scott's  house. 

A  coal-bed,  probably  higher  than  any  in  this  vicinity,  is  seen  at  Mr  Taylor's  spring, 
near  his  dwelling,  1  mile  from  MiLford,  and  ranges  away  in  a  terrace  W.  of  his  house.  One 
of  the  most  beautiful  instances  of  the  regularity  with  which  the  soft  coal  and  accompanying 
black  shales,  and  still  softer  fire-clays,  are  denuded  along  these  horizontal  outcrops,  while 
the  harder  rocks  above  them  form  a  steep  slope,  and  the  harder  rocks  below  a  gently-sloping 
terrace  in  front,  may  be  viewed  upon  the  road  to  Centreville,  about  1  mile  from  Milford, 
perfectly  well  defined,  and  extending  with  surprising  symmetry  for  a  great  distance. 

On  Ben's  Creek,  the  second  and  third  coals  (Ferriferous  and  Kittanning  coals)  are 
each  4  feet  thick,  and  the  Ferriferous  Limestone  3  feet,  well  exposed  on  the  turnjiike  from 
Johnstown  to  Somerset,  where,  in  a  few  dozen  yards,  it  becomes  a  stratum  of  workable  carbonate  of  iron. 
The  Kittanning  Coal  appears  for  a  fourth  of  a  mile  along  the  turnpike  leading  to  Ligonier,  the  grading  of  the 
road  conforming  itself  to  the  dip. 

Along  Roaring  Run,  from  its  mouth  to  the  bridge  on  the  Jennerville  Road,  a  sandstone,  l.f.c.*.o  . 
the  upper  member  of  the  Serai  conglomerate,  fills  the  bed  of  the  stream.    A  small  exposure 

.  A".  C.  3  0 

occurs  at  Griffith's  mill,  near  the  road.    Descending  the  road  from  the  N.  to  the  bridge,  we 
cross  the  outcrop  of  a  coal-seam,  which  was  ascertained  to  be  the  Clarion  Coal.    It  is 
mined  2  miles  N.E.  of  the  mill,  where  it  yields  3  feet  of  rather  indiff'erent  coal.    Slate  and     ^  ^  ^ 
shale  occur  above  it  through  a  thickness  of  50  feet.    Covering  the  surface  of  these  slates  we 
found  much  iron  ore  of  excellent  quality.    In  the  hill  W.  of  this  a  massive  sandstone, 

Cl.  Coal  2  6- 

25  feet  thick,  overlies  these  rocks.    This,  following  it  still  W.  towards  the  middle  of  the 
basin,  seems  to  change  in  character,  and  we  are  therefore  deprived  of  any  key  it  could  afford 
us  to  the  overlying  coal-beds.    The  facts  collected  go  to  show  that  the  Kittaiming  Coal- 
bed,  4|  feet  thick,  opened  2  miles  W.  of  the  bridge,  and  a  band  of  limestone  3  feet  thick,  ^'"■'''""'s- 
underlying  it,  range  extensively  through  the  basin,  their  outcrop  appearing  along  the  Fig.  5G0.— Lamei  Hill 

Creek. 
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streams.    Above  these  we  meet  with  indications  of  several  other  coal-seams,  the  exact 
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number  and  thickness  of  which  could  not  be  ascertained.  At  the  mouth  of  Lick  Run,  on  Ben's  Creek,  there  is  a 
limestone,  5  feet  thick,  apparently  in  this  part  of  the  series. 

The  following  section  (see  Fig.  560)  was  obtained  at  Husband's  mill,  on  Laurel  Hill  Creek  : — 

lotver  Freeport  Coal,  2  feet  ;  Slate,  2  inches  ;  Coal,  G  inches ;  Fire-clay,  1  foot ;  Coal,  18  inches  ;  .Fire-clay,  2  feet ; 
Calcareous  Sandstone,  G  feet.  Iron  Ore,  in  large  nodules,  closely  packed,  9  inches  ;  Slaty  Sandstone,  7  feet.  Iron  Ore 
(good),  2  inches  ;  Sandstone,  2  feet ;  Fire-clay,  1  foot ;  Blue  Shale,  6  feet.  Kittanning  Coal  (good)  3  feet ;  Strata 
unknown,  40  (?)  feet;  Blue  Shale,  10  feet;  Black  Slate,  3  feet.  Ferriferous  Coal,  \\  feet;  Fire-clay,  12  inches;  Ferri- 
ferous Limestone,  4  feet;  Slaty  Sandstone,  15  feet;  Shale,  with  balls  of  Iron  Ore,  of  variable 
quantity  (but  amounting  sometimes  to  2  feet),  5  feet ;  Shale,  5  feet  to  water-level. 

Castlemans  River,  at  Shaf's  Bridge,  flows  in  the  Serai  conglomerate,  the  lowest 
coal-bed  ranging  at  a  height  of  100  feet  above  the  water,  and  it  continues  to  flow  in 
it  as  far  as  Snyder's,  the  dip  being  5°  to  the  N.W.  The  coal  enters  the  water  half  a  mile 
below,  and  was  once  opened  upon  the  left  bank,  and  was  22  inches  thick. — (See  Fig.  561.) 

The  Ferriferous  Coal-bed  descends  close  to  the  water  at  the  double  bend,  a  mile  and 
a  half  below,  but  rises  again  as  the  rapidly-falling  stream  returns  upon  and  recrosses  the 
loAver  strata,  causing  the  first  coal-bed  to  re-emerge  below  the  coal-bank,  near  the  forge 
at  Took's  Rim. 

Below  this,  flowing  in  the  Serai  conglomerate,  the  stream  has  its  bed  full  of  huge 
masses  of  fine-grained  homogeneous  conglomerate,  fragments  of  that  formation.  Even 
the  Umbral  red  shales  must  appear  in  the  little  run  which  enters  at  the  head  of  the  '"I'„™  * " 
sharp  bend.  acoc  o*- 

At  M<^Mullin's  the  first  coal-bed  appears  again  in  the  bed  of  the  stream  at  two 
points — one  about  three-fourths  of  a  mile  above  the  mill,  and  another  a  mile  below  it,  as  ^'■■c«">  ">- 
seen  on  the  right  bank  ;  it  again  appears  in  the  bend  at  Mr  M'^Clintock's  spring.  The 
river  flows  in  the  conglomerate  to  its  mouth.  Fig.  561.— Castieman's 

Section  near  Shaf's  Bridge  : —  Ri-^er. 

This  begins  above  with  fine-grained  sandstone,  and  contains  balls  of  poor  ore,  35  feet,  lower  part  shale.  Coal, 
18  inches,  exposed — it  has  a  slate  roof.  Massive  Sandstone,  70  feet— rests  on  the  Lowest  Coal,  22  inches,  opened  on  the 
stream  :  it  is  of  good  quality.    Fire-clay,  a  few  inches  ;  then  Sandstone  and  conglomerate  to  the  river-bed,  90  feet. 

At  the  head  of  this  section  we  observed  a  coal  (?)  terrace.  Along 
the  right  bank,  below  the  mouth  of  Scrubglade  Run,  the  sandstone  and  con- 
glomerate rocks  are  so  arranged,  in  more  and  less  durable  alternations,  as  to 
present  remarkable  overhanging  cliffs  worn  by  the  yearly  freshets  which  rush 
down  the  river-bed  in  early  spring.  The  annexed  sketch  represents  such  a 
cliff",  one  layer  of  wliich  overhangs  the  river  12  feet. — (See  Fig.  562.) 

The  section  at  Snyder's  is  continued  towards  the  top  by  observations 
upon  the  road  to  the  Forge.  Mr  Weimar's  Coal  is  the  third  ascending  in  the 
series  at  Snyder's,  and  the  bed  in  Weimar's  orchard  is  not  observed  in  Mr 
Snyder's  fields. 

Freeport  Limestone  ;  fragments  found  below  the  variegated  shales,  with  fire-clay  and  balls  of  impm-e 
carbonate  of  iron;  the  interval  not  ascertained.  Lower  Freeport  Coal ;  massive  Freeport  Sandstone,  some- 
times conglomeritic,  everywhere  traceable  by  the  enormous  quantity  of  debris  which  it  has  cast  down  upon  all 
the  slopes  of  Castieman's  River  and  Laurel  Hill  Creek,  40  feet  thick.  Kittanning  Coal,  2|  feet  thick; 
fine-grained  sandstone,  containing  coarse  silicious  nodular  carbonate  of  ii'on,  30  feet.  Ferriferous  Goal,  in  a 
terrace  70  feet  above  the  Clarion  Coal,  18  inches  ;  this  is  in  a  terrace  40  feet  above  the  river-level.  This  coal 
has  been  stripped  along  the  left  bank  below  Snyder's.     The  Ferriferous  Limestone  here  appears  70  feet 


Fig.  562. — Castieman's  River  and  Con- 
glomerate Cliffs  (in  partial  section). 
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above  the  river,  with  20  feet  of  slates.  It  occurs  at  about  the  same  height  on  the  opposite  side  at  Mr 
Phillips's. 

One  mile  below  Mr  Snyder's  are  seen  the  following  rocks  in  a  little  stream  : — 

Massive  conglomeritic  sandstone  (Freeport  Sandstone),  30  +  feet.  Kittanning  Coal ;  interval  not 
measured  ;  then  sandstone  and  shales,  10  feet ;  black  slate,  4  feet ;  ferruginous  slate,  1  foot.  Ferriferoits 
Coal,  said  to  be  2  feet.    Interval,  8  or  10  feet.    Ferriferous  Limestone,  3  feet  exposed. 

At  Squire  Connelly's  are  seen  the  following  rocks : — 

Shales,  &c.,  30  feet.  Coal  (Elk  Lick),  at  Mr  King's  house,  with  80  feet  of  interval  unknown ;  shale, 
13  feet.  Lower  Freeport  Coal,  20  inches,  poor;  fire-clay,  sandy,  6  feet;  massive  sandstone,  15  feet; 
interval,  including  20  feet  of  compact  shale,  70  feet ;  blue  shale,  5  feet.  Ferriferous  Coal,  2  feet ;  black  slate, 
8  inches ;  coal,  4  inches ;  black  slate,  12  inches  ;  coal,  18  inches,  poor ;  fire-clay,  12  inches.  Ferriferous 
Limestone,  8  feet ;  olive  shale,  15  feet,  containing  good  nodular  iron-ore  in  bands  amounting  to  6  inches  total 
thickness ;  a  pecuhar-looking  grey-streaked  sandstone,  7  feet.  Coal  (?)  4  inches  ;  black  slate  and  shale,  mth 
much  good  nodular  iron-ore,  5  feet. 

The  same  rocks  are  exposed  by  Spring  Eun  as  follows : — 

Black  slate,  8  feet.  Coal(J)  ;  interval  unknown,  6  feet;  sandstone,  12  feet;  interval,  15  feet ;  olive  fer- 
riferous shale,  15  feet;  black  slate,  3  feet.  Upper  Freeport  (?)  Coal;  Sandstone,  1  foot.  Freeport  (?)  Lime- 
stone, 2  feet ;  sandstone,  60  feet ;  shale,  7  feet ;  grey  sandstone,  2  feet ;  olive  ferriferous  shales,  9  feet  ; 
ferriferous  sandstone,  6  feet ;  black  slate,  12  feet.  Ferriferous  Coal,  4  inches ;  blue  shale,  2  feet ;  Coal, 
11  inches.    Ferriferous  Limestone,  8  feet;  sandstone,  1  foot  ;  shale,  1  foot ;  sandstone,  6  feet. 

At  Mr  M^Mullin's  the  following  section  was  obtained  : — 

The  hills  here  exceed  500  feet  in  height.  At  the  top  are  shales,  &c.,  35  feet.  Coal ;  Shales,  &c.,  100  feet. 
Coal  terrace  on  a  level  with  the  summit  of  the  Fort  Hill  opposite,  and  displaying  10  feet  of  shales,  some  of 
which  are  red.  Below  are  thinly-bedded  sandstones  and  shales,  80  feet.  Coal,  the  snmt  seen  at  M'^Mullin's 
barn;  sandstone  exposed  in  the  road,  20  feet;  strata  undetermined  30  feet.  Lower  Freeport  Coal;  soft 
black  slate  of  roof,  2  feet ;  slaty  sandstone,  30  feet.  Kittanning  Goal ;  floor,  2  feet  of  black  slate  ;  sandstone, 
10  feet;  unknown,  50  feet.  Ferriferous  Coal ;  limestone  not  exposed;  massive  conglomeritic  sandstone 
fragments,  50  feet;  flaggy  sandstone,  6  feet ;  black  slate,  1^  feet;  sandstone,  1|  feet;  black  slate,  4  feet; 
sandstone,  single  stratum,  3  to  6  feet  thick  ;  immediately  over  the  Clarion  Goal,  which  is  hard  and  poor, 
1|  feet,  including  4  inches  of  slate;  slate,  2  feet;  Coa^,  hard,  1  foot;  slate,  1  foot;  fossiliferous  dhlic^dy- 
bedded  sandstone,  25  feet. 

Here  occurs  an  instance  of  ancient  denudation,  producing  hollows  in  the  surface  of  a  bed  of  black  slate 
upon  and  in  which  coal  was  afterwards  deposited. — (See  Fig.  563.) 

A  little  farther  down  the  river,  the  same  bed  appears  half  out 
of  the  water,  and  only  1  foot  thick,  roofed  by  a  massive  stratum  of 
sandstone,  20  feet  thick.  The  coal  is  here  more  slaty,  and  the 
sandstone  lies  immediately  upon  it,  forming,  where  the  coal  goes 
under  water-level,  a  gigantic  tessellated  pavement  for  the  river, 

from  which  rise  cliffs  upon  each  shore  of  thinly-bedded  sandstone,         Fk.  563.— Paleozoic  Denudation,  exhibited  on 

the  bases  of  the  lofty  wooded  walls  that  support  the  cultivated       •  Castiemans  Riyei. 

upland.  This  pavement  is  covered  by  angular  fragments  of  Serai  conglomerate,  a  single  one  of  which  mil  some- 
times contain  2000  cubic  feet  of  stone. 

At  the  Turkey  Foot,  stalactites  are  seen  upon  the  left  bank,  pendant  from  the  rocks  below  the  Ferriferous 
Limestone  bed. 

On  Drake's  Run  a  band  of  iron  ore,  9  inches  thick,  occurs  above  the  Kittanning  Coal,  which  is  3  feet 
thick.  The  same  bed  of  ore  is  seen  at  Whipley's  on  the  Clay  Tm-npike,  at  the  foot  of  Laurel  Hill,  and  again 
on  Gabriel's  Run,  S.  of  the  Youghiogheny. 
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On  the  Yougliiogheny  River,  1  mile  above  Smythfield,  a  large  bed  of  coal  is  opened,  exhibiting : — Black 
slate  ;  Goal,  15  inches  ;  slate,  1^  inches  ;  Coal,  15  inches  ;  fire-clay,  18  inches  ;  Coal,  20  inches  ;  slate,  1  inch  ; 
Goal,  4  inches  (in  all  4^  feet  of  coal,  enclosing  20  inches  of  fire-clay  and  slate) ;  slate,  2  feet ;  then  limestone, 
of  a  thickness  unknown. 

Fifty  feet  above  this  coal-bed  is  seen  a  slaty  limestone,  from  2  to  3  feet  thick,  supporting  3  feet  of  green 
shale,  and  above  it  massive  sandstone. 

SECOND  BASIN. 

On  Black  Lick  Creek,  10  miles  W.  of  Ebensburg,  near  Lewis  and  Rodgers'  sawmiU,  the  following  strata 
are  exposed  : — Goal,  4  feet  (2  inches  parting  -  slate,  1 8  inches  from  the  floor) ;  fire-clay ;  some  ore.  Strata 
having  a  thickness  of  100  feet  bring  us  to  another  Goal-bed,  3  feet  thick  ;  and  50  feet  higher,  a  third  Goal-bed, 
18  inches  thick  (supposed  to  be  the  same  as  at  the  hill,  half  a  mile  to  the  W.)  A  fourth  Goal,  18  inches  thick, 
lies  30  feet  above  the  last. 

On  the  Old  State  Road,  7  miles  from  Indiana,  and  2  miles  S.  of  the  Clay  Turnpike,  there  is  a  Coal-bed, 
4  feet  thick,  in  which,  1  foot  from  the  floor,  is  a  seam  of  slate,  1  inch  thick  ;  roof,  black  slate. 
Four  miles  S.  of  the  Cherry  Tree  is  a  coal-bed,  3  or  4  feet  thick  ;  slate  roof 

Four  miles  E.  of  Indiana  are  coal  and  limestone  ;  the  former  4  feet  thick,  and  5  feet  above  the  latter. 
One  and  a  half  miles  W.  of  Strongtown,  on  the  E.  side  of  Yellow  Creek,  the  same  bed  appears,  Sh  feet  thick, 
with  2  inches  of  slate,  1  foot  from  the  floor  ;  roof,  sandstone. 

Limestone  lies  in  the  turnpike  road,  70  feet  above  the  coal-bed. 

Limestone,  5  feet  thick,  is  exposed  2  miles  S.W.  of  Strongtown,  the  upper  part  slaty.  Thirty  feet  above 
it  is  a  quarry  of  blue  micaceous  sandstone,  used  for  tombstones  and  grindstones. 

Coal,  3  feet  thick,  is  mined  3  miles  S.  of  this  spot ;  30  feet  above  the  coal  is  limestone,  and  imder  it  lie 
3  feet  of  highly  ferriferous  slate. 

East  of  Armagh  are  seen  indications  of  a  series  of  seven  beds  ;  the  Lower  Freeport  Coal,  measuring 
6  feet  at  the  foot  of  tlie  mountain,  1  -i  miles  N.  of  the  turnpike  gate,  and  the  BrookviUe  Coal,  3  feet,  on  Finley's 
Run.  Almost  immediately  beneath  it  are  seen  the  sandstones  of  the  Serai  conglomerate,  50  feet  thick,  and 
farther  down  the  stream  are  seen  the  Umbral  red  shales  with  their  ore.  It  will  be  recollected  that  the  Lower 
Freeport  Coal  is  the  Great  Bed  at  Punxutawney. 

The  following  strata  are  exposed  half  a  mile  below  the  Conemaugh  furnace,  on  the  Pennsylvania  Railroad, 
on  the  W.  dip  of  Laurel  Hill : — 

Argillaceous  irregularly-bedded  Sandstone,  with  nests  of  red  shale,  from  40  to  60  feet  ;  Coal,  divided  by  2  inches 
of  Slate,  2  feet  6  inches  ;  Sandy  Shale  and  coarse  Stigmaria  clay,  7  to  1 0  feet ;  Light-grey  fine  irregularly-bedded  Sand- 
stone, with  shale  partings,  55  to  60  feet;  Argillaceous  Shales,  15  to  20  feet ;  Coal,  1  (?)  foot;  Fire-clay,  3  feet ;  Coal, 
Shales,  and  thin  flaggy  Sandstone,  15  feet ;  Serai  conglomerate  Sandstone,  lower  bed  somewhat  pebbly,  40  -i-  feet. 

The  coal  worked  for  Conemaugh  furnace,  on  the  W.  side  of  Lam-el  HQl  Gap,  supposed  to  be  next  to  the 
lowest,  has  the  following  dimensions  : — 

Coal,  rather  dirty,  though  good,  from  3  feet  6  inches  to  3  feet  9  inches  ;  Fire-clay,  Shale,  Stigmaria,  4  inches ; 
Coal,  6  inches. 

The  bed  is  very  closely  fissured  with  vertical  cleavage  running  nearly  up  and  down  the  dip. 

When  this  coal  is  purest,  and  is  carefully  coked,  100  bushels  yield  130  bushels  of  good  coke,  weighing 
from  40  to  60  lb.  to  the  bushel.  It  is  coked  in  long  heaps  containing  2000  bushels.  When  the  coal  is 
coarse  and  good,  from  four  to  six  days  are  requii-ed  in  coking.  When  fine  coal  is  used,  from  eight  to 
sixteen  days  are  necessary. 
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From  the  cuttings  of  the  Pennsylvania  Railroad  at  and  E.  of  Lockport,  the  following  section  (Fig.  564) 
was  compiled  ;  the  strata  dip  gently  Eastward  : — 

Sandy  Shale,  ore  balls  in  lower  part.  Dark-blue  slate  ;  Olive  Shale,  containing  ore  nodules. 
Limestone,  ferriferous  ;  Micaceous  blue  Sandstone.  Coal,  8  inches  ;  Fire-clay,  ball  ore,  and 
Sandstone,  60  4- feet.  Coal,  o  to  6  feet,  in  three  benches.  Silicious  Limestone,  impure,  3  feet; 
Blue  Slate,  4  feet.  Limestone,  thin  bands  in  10  feet  ;  Fire-clay,  indurated,  8  feet ;  Blue  Slate, 
lo  feet.  Coal,  2  to  3  feet  6  inches.  Limestone,  rotten,  ferruginous,  10  feet ;  Black  Slate,  1  foot. 
Fire-clay,  containing  ore  balls,  20  feet ;  Interval,  20  feet ;  Sandy  Slate,  15  feet.  Coal,  22  inches ; 
Slate,  5  feet.  Blue  Limestone,  2  to  3  feet ;  Hydraulic  Cement  and  iron  ore,  7  inches  ;  Olive 
and  blue  Shale,  with  scattered  balls,  12  to  20  feet;  Iron  ore,  5  inches;  Shale,  25  -i- feet.  Coal, 
6  inches ;  Slate,  1  foot  ;  Coal,  2  feet  4  inches  ;  Slate  and  Sandstone. 
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At  Centreville,  near  the  centre  of  the  basin,  only  the  upper  coal  and  limestone  are  out 
of  the  water.  The  coal,  6  feet  thick,  emerges  half  a  mile  above  and  l^-  miles  below  the 
viUage  ;  but  continuing  to  ascend  the  river,  all  the  beds  of  the  foregoing  section  rise  from 
the  river-bed. 

Two  coal-beds,  probably  of  the  Barren  series,  appear  in  the  hills.    Two  miles  N.  of 
Bolivar,  the  third  coal  from  the  top,  or  the  Kittanning  Coal,  measures  4  feet.    The  4-feet 
bed  of  coal,  5  miles  W.  of  Ebensburg,  and  again  7  miles  W.  of  Ebensburg,  based  on  ferru- 
ginous sandstone,  exhibiting  vegetable  impressions, — the  former  being  within  half  a  mile  of  an  exposm-e  of 
lunestone  near  the  Black  Lick  Creek, — bears  doubtless  a  relation  to  this  part  of  the  general  series. 

From  the  vicinity  of  Fairfield  to  a  little  N.  of  Ligonier  there  is  a  belt  of  country  along  the  middle  of  the 
basin,  from  2  to  3  miles  wide,  which  embraces  the  upper  strata,  the  most  productive  in  coal  and  limestone  of 
any  in  the  valley.  The  limestone  is  here  more  abundant  than  usual.  The  following  section  represents  the 
stratification  about  2  miles  N.  of  Ligonier  : — 

Highest  land  ;  Coal  (1)  bench  ;  Interval,  10  feet.  Limestone,  tolerably  good,  7  or  8  feet  ;  Fine-bedded  Sandstone, 
35  feet.  SeudcMij  Coal,  opened  3  feet  ;  Interval,  5  (V)  feet.  Limestone,  8  feet,  good,  hard,  and  blue.  This  is  6  feet  at 
Kieffer's,  and  elsewhere  4  feet ;  Shales  and  black  Slates,  10  feet.  Redstone  Coal,  3  feet ;  Shales,  brown  and  black  Slate, 
20  feet.  Pittsburg  Coal,  8  feet  3  inches  (at  Kieffer's,  10  feet ;  at  Giesy's,  7  feet)  ;  Interval,  20  feet.  Pittsburg  Lime- 
stone, white,  flaggy,  good,  from  4  to  9  feet ;  Flaggy  Sandstone,  &c.,  20  feet.  Coal,  3  feet,  good  ;  Interval,  8  feet.  Lime- 
stone, ferruginous,  3  feet ;  Shales,  olive  and  black,  15  (1)  feet.  Coal,  only  the  outcrop  visible  ;  Sandstone  (Mahoning)> 
50  feet  ;  Olive  Shales,  24  feet  ;  Black  Slate,  6  feet.  Elk-Lich  Coal,  outcrop  only ;  Interval,  15  feet.  Coal,  outcrop  ; 
Olive  Ferriferous  Shale,  30  feet.     Upper  Freeport  Coal,  1  foot.    Freeport  Limestone,  1  foot. 

This  section,  representing  the  upper  group  of  coal,  taken  in  connection  with  that  at  Lockport  exhibiting  the 
lower,  furnishes  a  very  complete  representation  of  the  whole  series  of  beds  composing  this  coal-basin.  In  the 
Ligonier  neighbourhood  other  lower  bands  were  noted,  which  I  have  not  included  in  the  section,  as  they  did  not 
admit  of  precise  measurements.  One  of  these  is  a  coal-seam,  1  foot  thick,  corresponding  probably  to  the 
Kittanning  Coal-bed  of  other  localities  ;  another  is  a  coal-seam,  the  representative  of  the  Brookville  Coal,  near 
the  foot  of  Chestnut  Ridge,  where  it  is  5|  feet  thick.  At  a  short  distance  beneath  this  appear  the  Serai  sand- 
stones. Both  of  these  coals,  with  their  accompanying  rocks,  are  far  below  the  water-level  in  the  immediate 
neighbourhood  of  Ligonier  town,  and  emerge  to  the  day  only  on  the  two  sides  of  the  basin. 

The  large  Pittsburg  Coal  occurs  on  many  farms  along  the  central  part  of  the  valley,  having  its  E.  and  W. 
outcrops  along  the  slopes  of  a  range  of  high  narrow  hills  occupyuig  the  middle  of  the  trough.  It  varies  in  thick- 
ness from  7  to  10  feet.  The  coal  is  jet  black,  of  a  brilliant  lustre,  and  comparatively  free  from  sulphuret  of 
iron  and  from  slate. 

It  is  of  a  firm  texture,  though  it  affects,  to  a  partial  extent,  that  columnar  form  so  prevalent  in  many  of  the 
coal-beds  in  the  basins  near  the  Alleghany  Mountain.  At  Giesy's  it  is  lifted  in  long  columnar  pieces,  but  at 
Kieffer's  and  other  places  it  does  not  show  this  structure. 
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Fig.  565. — Ligonier. 

seams  and  a  Kmestone 


The  Brookville  Coal,  worked  near  the  foot  of  Chestnut  Ridge,  after  dipping  under  the  valley, 
emerged  on  the  other  side  of  it,  between  Laughlintown  and  Laurel  Hill,  where  its 
outcrop  is  indicated  by  a  smut  immediately  above  the  upper  beds  of  the  Serai  con- 
glomerate. It  is  there  overlaid  by  several  other  seams  occupying  the  position  of  the  lower 
beds  seen  in  our  previous  sections.  Thus  above  it  the  Ferriferous  Coal-bed  ;  1^  feet  thick, 
is  seen,  accompanied  by  a  limestone.  Next  in  the  order  ascending  are  two  thin  adja- 
cent bands,  the  representatives  probably  of  the  Eattanning  Coal,  while  higher  up  occurs  a 
bed,  which  is  here  3  feet  thick,  and  accompanied  by  a  considerable  amount  of  iron  ore. 

At  Ross  furnace,  in  the  same  belt  of  strata,  but  farther  to  the  N.  by  G  miles,  the  Brook- 
ville Coal-bed  was  opened  by  us,  and  ascertained  to  be  -i^  feet  thick,  though  it  had  lain 
neglected,  under  an  erroneous  belief  that  it  was  of  very  insignificant  size.  A  knowledge 
of  the  stratification  led  to  the  apprehension  that  some  error  had  been  committed  in  the 
original  opening  of  the  bed,  and  the  result  of  a  re-examination  furnished  a  striking  illustra- 
tion of  the  value  of  systematic  investigation  even  in  a  country  the  resources  of  which  may 
be  supposed  to  be  already  developed. 

A  carefully-compiled  section,  elaborately  made  from  observations  in  a  great  variety 
of  places,  shows  that  the  only  valuable  material  included  within  the  first  or  uppermost 
150  feet  of  strata  in  the  central  hills  of  the  valley,  is  a  single  band  of  limestone,  about 
\\  feet  thick,  while  the  only  workable  coal-seam  within  the  space  is  a  high  bed,  probably 
the  first  beneath  the  Pittsburg  Coal,  near  the  top  of  a  hill  in  the  very  middle  of  the  basin. 
Below  this  barren  group  of  rocks,  but  only  at  the  sides  of  the  valley,  occur  the  lower  coal- 
Thus  the  Upper  Freeport  Coal-bed  shows  itself  along  the  valley  of  Fom--mile  Run,  and  a 
little  farther  W.,  immediately  at  the  base  of  Chestnut  Ridge.  It  is  opened  at  the  bridge  over  the  stream,  on  the 
Greensburg  Road,  a  mile  W.  of  Four-mile  Run,  where  it  is  3  feet  1  inch  thick.  This  bed  corresponds  in  position 
with  that  opened  6  miles  S.S.W.  from  Ligonier,  though  the  latter  bed  is  only  1  foot  1  inch  in  thickness.  So 
remarkable  a  declension  in  the  size  of  the  bed  in  so  short  a  distance  in  this  direction,  is  the  only  circumstance 
which  suggests  any  doubt  in  respect  to  the  identity  of  the  coal  of  the  two  places.  A  band  of  Limestone  accom- 
panies the  coal  at  each  locality.  Indications  of  a  large  bed  of  coarse  calcareous  iron- ore  occur  ia  immediate  con- 
nection with  the  limestone  at  the  place  mentioned  on  the  Greensburg  Road. 

On  Chestnut  Ridge,  near  an  old  furnace  on  Jacob's  Creek,  3  niUes  S.W.  of  Harman's,  the  same  coal-bed  has 
been  opened,  and  shows  a  thickness  exceeding  4  feet.  A  baud  of  cannel  coal,  6  inches  thick,  traverses  the  seam 
about  18  inches  from  the  roof  both  here  and  at  the  opening  just  previously  mentioned,  serving,  if  other  evidence 
were  wanting,  to  identify  the  bed.  Its  underlying  limestone  and  attendant  iron-ore  were  also  fomid  within  4  or 
6  feet  of  the  coal.  The  limestone  measui'ed  1  foot,  and  the  kidney  ore  over  it  amounted  to  from  2  to  5  inches  ia 
total  thickness. 

The  Kittanning  Coal  is  separated  by  about  40  feet  of  sandstone  from  the  Upper  Freeport  Coal,  and  by  35 
feet  of  shale  from  the  Ferriferous  Coal,  which  is  here,  like  the  Kittanning  Coal,  2  feet  thick.  The  separating  shales 
contain  a  solid  band  of  iron  ore  of  excellent  quality,  varying  in  thickness  from  5  to  8  inches,  besides  a  considerable 
amount  of  ore  in  detached  flattened  balls.  These  things  occur  at  Harman's,  up  Four-mile  Run,  above  the  mill 
which  is  at  the  crossing  of  the  Greensburg  Road.  The  spot  appears  to  be  imijortant  on  account  of  the  abundance 
and  good  quality  of  the  ore,  though  the  immediately  adjoining  coal-beds  are  scarcely  of  suflicient  thickness  to 
be  available  for  the  manufacture  of  iron  at  this  place,  the  thicker  workable  Upper  Freeport  Coal,  with  its  com- 
panion, the  limestone,  lying  higher  up  in  the  same  hill.  A  heavy  bed  of  conglomerate  imderlies  the  Ferriferous 
Coal  and  Limestone. 

The  following  section  was  made  upon  Four-mile  Run,  5  miles  above  its  mouth,  constructed  upon  the 
hypothesis  that  Mr  Nelson's  coal-bed  is  the  same  found  upon  the  road  leading  fi-om  the  mill  to  Greensburg. 

Top  of  Hill,  30  feet ;  Coal  (?)  terrace ;  Shales,  10  feet.    Limestone  of  Barren  Measures,  li  feet ;  Interval,  S 
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feet.  Coal  Smut,  6  inches ;  Roof  and  floor,  grey-streaked  Sandstone  (this  is  probably  the  coal  swept  away  from  the 
summit  of  the  hill  at  the  head  of  the  other  section,  leaving  it  flat,  and  sloping  at  an  angle  of  7°  to  the  E.S.E.)  Sand- 
stone, «S;c.,  50  feet.  Coal  Smut ;  Interval,  30  feet ;  Black  Slate,  8  +  feet  (containing  1  inch  of  coal,  and  underlaid 
by  an  argillaceous  conglomerate,  hard  when  dug,  but  soft  on  exposure)  ;  Shales,  G  +  feet.  NeUon's  Coal,  13  inches  ; 
Yellow  Clay  ;  Interval,  4  to  10  feet.  Limestvne. 

Another  section,  made  at  Mr  Nelson's,  4  miles  distant  from  that  now  given,  reads  thus  : — 

Olive  Shale,  20  feet.  Black  Slate,  1-5  feet.  Coal  {I) ;  Interval,  10  feet.  Coal  (?) ;  Interval,  20  feet.  Olive  Shales, 
10  feet.  Fire-clay,  6  inches.  Coal,  3  feet  1  inch.  Fire-clay,  3  feet ;  Interval,  8  feet.  Limestone  (?)  (continued  at  Mr 
Herman's,  on  Four-mile  Run),  conglomeritic  Sandstone,  20  feet  exposed,  perhaps  50  feet  in  all ;  Shales,  30  feet ;  Black 
Slate,  10  feet.  Coal,  said  to  be  2  feet ;  Black  Slate,  7  feet.  Shales,  very  ferriferous,  14  feet,  containing  perhaps  1^ 
feet  of  ore  ;  Iron  ore,  black  carbonate,  5  to  8  inches  thick;  Shale,  compact,  2>\  feet ;  Sandstone,  Shale,  &c.,  8  -f  feet. 
Coal,  2  feet,  good  at  water-level.    Serai  conglomerate. 

Eastward  from  the  old  furnace  of  Jacob's  Creek  occur  the  Ferriferous  and  Kittanning  coal-beds,  with  their 
interposed  iron-ore.  Here  they  are  only  20  feet  apart,  and  show  a  corresponding  reduction  of  thickness,  the 
Ferriferous  Coal-bed  measm'iug  but  1  foot,  and  the  Kittanning  Bed,  \h  feet.  In  the  interval  we  find  6  inches  of 
good  iron-ore  embraced  within  4  feet  of  shale. 

Near  the  above  spot  the  red  Umbral  shale  shows  its  limestone  cropping  out  in  a  stratum  15  feet  in  thick- 
ness. The  iron  ore  near  the  top  of  the  formation  was  formerly  procured  for  the  furnace.  It  lies  in  several 
bands,  whose  aggregate  thickness  is  about  8  inches. 

The  topographical  features  of  the  part  of  the  basin  we  have  been  describing  are  somewhat  peculiar,  owing 
to  the  prevalence  of  soft  shales  in  that  portion  of  the  series  occupied  by  the  hiUs  of  the  central  belt  of  the  valley. 
The  summits  are  often  quite  plain,  though  gently  sloping  in  conformity  with  the  gentle  dip  of  the  strata. 

South  as  well  as  North  of  the  Somerset  and  Mount  Pleasant  Road,  the  Barren  Measures  fill  the  middle  of 
the  basin. 

The  Upper  Freeport  Coal  and  its  limestone  certaiidy  exist  at  the  base  of  the  hills,  and  perhaps  the  next 
inferior  Lower  Freeport  Coal.  These  are  the  only  available  strata  in  aU  the  central  region  at  the  head-waters  of 
Indian  Creek. 

Passing  Southward  dovra  the  tributaries  of  Indian  Creek,  we  follow  this  stream  for  8  or  10  miles  through  the 
Coal-mea.sures,  descending  in  the  stratification  until  we  reach  Fayette  furnace  at  the  mouth  of  Laurel  Run,  where 
the  stream  flows  over  rocks  that  may  be  referred  either  to  the  upper  part  of  the  Serai  conglomerate,  or  the 
lower  portion  of  the  Coal-measures  ;  for  the  BrookviUe  Coal  (here  100  feet  beneath  the  creek)  may  be  assigned 
as  well  to  the  former  as  to  the  latter.  Continuing  down  the  creek,  which  enters  lower  and  lower  strata  in  its 
course,  the  underlying  BrookviUe  (?)  Coal-bed  at  length  appears  about  2  miles  below  St  John's  furnace,  where 
it  is  embraced  among  massive  sandstones,  which  form  a  series  of  steps  at  their  outcrop  along  the  channel  of  the 
creek  nearly  the  whole  way  from  a  mUe  above  the  furnace  to  the  mouth  of  the  stream.  We  may  consider  the 
main  body  of  Serai  conglomerate  to  commence  below  the  coal-bed,  and  to  embrace  all  the  rocks  thence  to  near 
the  mouth  of  the  creek,  where  the  stream  at  last  reaches  the  Umbral  red  shales,  exposing  them  in  a  thiclmess  of 
.50  feet  resting  upon  their  well-marked  calcareous  sandstone  at  the  water-level.  As  the  rocks  here  dip  gently 
E.  towards  the  middle  of  the  basin,  we  find  these  Umbral  beds  disappearing  below  the  Youghiogheny  as  we 
ascend  it  in  the  same  direction,  the  neighbouring  bluffs  showing  all  the  way  at  their  base  vast  bodies  of  debris 
in  the  form  of  broken  blocks  of  sandstone  and  conglomerate,  derived  from  the  cliffs  above,  where  the  Serai 
conglomerate  rises  nearly  perpendicularly  200  feet  from  the  stream.  Regarding  the  Serai  conglomerate  as 
terminating  at  the  first  coal-seam,  the  total  thickness  of  the  formation  vdll  be  about  150  feet ;  but  if  we  make 
it  to  embrace  the  coal  and  the  over-resting  conglomerate  and  sandstone,  the  whole  will  measure  about  250  feet. 
Ascending  the  river,  the  Umbral  shales  are  out  of  reach  until  we  get  about  2  miles  above  the  OhiopUe  Falls, 
where  they  emerge  with  a  tolerably  steep  Western  dip,  and  are  followed,  as  we  approach  the  gap  of  the  mountain, 
by  the  Vespertine  Sandstones,  and  finally,  at  the  axis  of  the  ridge,  by  those  of  the  Vergent  series. 
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The  sections  designed  to  exhibit  the  stratification  in  this  region  were  unavoidably  meagre,  though  data 
enough  were  collected  to  establish  an  accordance  among  themselves,  and  between  them  and  the  corresponding 
parts  of  a  more  complete  section  obtained  in  the  neighbourhood  of  Fayette  furnace. — (See  Fig.  566.) 

The  largest  coal-bed  in  this  part  of  the  valley  is  tlie  Ferriferous  Coal,  which,  near  the  furnace,  yields  3^  feet 
of  good  coal,  and  an  extra  foot  of  an  inferior  kind.    It  has  also  been  exposed,  at  intervals,  for  several  hundred 
feet,  by  the  erosive  action  of  the  stream  along  Indian  Creek  just  above  the  mouth  of  Lam-el 
Run  ;  and  was  once  worked  at  this  place  by  stripping  it  at  its  outcrop.  At  both  of  the  above 
55  0  localities  it  underlies  a  bed  of  brown  shale.    The  coal  may  be  seen  cropping  out  in  a  deep 
ravine  to  the  W.  of  Indian  Creek,  crossed  by  the  turnpike  leading  to  Connellsville.    It  was 
^  ^  once  mined  by  stripping  at  St  John's  furnace,  where  its  elevation  above  the  stream  is  about 
80  feet. 

The  limestone  accompanying  this  coal  appears  where  the  tiirnpike  crosses  Indian 
"  Creek,  in  a  bed  8  feet  thick.  About  1 5  feet  above  the  coal  lies  a  band  of  iron  ore  8  inches  thick. 
The  coal-seam,  previously  stated  to  be  TOO  feet  lower  in  the  series,  was  passed  in 
boring  a  salt-well  near  the  furnace.    Its  thickness  in  the  well  has  been  stated  to  us  at  one 
foot,  agreeing  with  its  dimensions  at  its  outcrop  in  the  creek's  bed,  2  miles  below  St  John's 
furnace.    This  coal  is  of  excellent  quality. 

n  Q 

Fifty  feet  above  the  Ferriferous  Coal-bed  lies  the  Kittanning  Coal,  once  opened  where 
the  turnpike  ascends  the  first  hill  W.  of  Indian  Creek,  and  stated  to  be  3  feet  thick,  but  of 
indifferent  quality. 

About  100  feet  above  this,  a  band  of  fight-coloured  pure  limestone  has  been  quarried, 
the  thickness  of  which  could  not  be  ascertained  from  the  falling  in  of  the  earth.  A  bed  of 
Indian  Creek  ^^^^  overlics  it  witliiu  a  few  feet,  yielding,  it  is  stated,  3  feet  of  good  coal.  Strata  deemed 
to  be  the  same  were  met  with  4  miles  farther  S.,  where  the  coal  is  in  two  bands,  sepai'ated 
by  nearly  4  feet  of  fire-clay,  the  upper  band  showing  3  feet  of  coal  containing  no  impiuity  but  sulphuret  of 
iron,  and  the  lower  band  1^  feet  of  equally  good  quality.  A  calcareous  spring,  indicating  the  outcrop  of  the 
limestone,  is.sues  about  1 5  feet  below  the  outcrop  of  the  coal.  About  40  feet  above  the  coal-bed  occurs  a  bench, 
which  suggests  the  presence  of  another  seam.  Being  unable  to  procure  any  extensive  continuous  section  of  the 
strata  in  this  vicinity,  we  are  in  some  doubt  as  to  which  part  of  the  Coal-measures  we  are  to  refer  the  first- 
mentioned  seam  Avith  its  limestone,  for  we  may  regard  it  as  either  the  Freeport  or  the  Ferriferous  bed  of 
the  series.    Appearances  incline  us  to  refer'  it  to  the  former. 

At  Lennard's,  one  mOe  N.  of  Bear  Run,  appears  a  band  of  the  Ferriferous  Limestone,  though  the  coal  itself 
has  not  yet  been  seen  here.  Fifty  feet  higher  in  the  hill  is  an  outcrop  crossing  the  road,  which  appears  to 
belong  to  a  large  bed.  Westward  of  Lennard's,  towards  the  river,  two  lower  coal-seams  have  been  opened  on 
a  small  run  ;  the  uppermost  being  1^-  feet  thick,  and  the  imdermost,  100  feet  farther  down,  being  2  feet  thick. 
No  limestone  has  yet  been  i-ecognised  accompanying  the  first  of  these  coals. 

To  return  to  the  section  at  Fayette  furnace,  we  find  from  50  to  60  feet  above  the  Upper  Freeport  Coal 
and  its  limestone,  a  well-marked  bench,  containing  probably  the  highest  seam  which  has  resisted  the  denuding 
action  of  the  waters  in  this  part  of  the  valley. 

On  Bear  Run,  3  miles  N.  of  the  OhiopUe  Falls,  and  one  mile  from  the  river  by  the  course  of  the  run,  a 
coal-bed  has  been  opened,  yielding  3  feet  of  very  pure  coal.  It  overlies  a  mass  of  sandstone,  this  rock  con- 
stituting the  principal  material  between  this  level  and  that  of  the  river  below.  It  was  impossible  to  decide 
upon  the  precise  position  in  the  series  held  by  this  bed,  though  everything,  except  the  absence  of  a  band  of 
limestone,  suggests  its  reference  to  the  Ferriferous  Coal-seam.  It  is  regarded  as  the  pm-est  coal  in  this  section  of 
the  valley.  A  very  irregidar  coal-seam  occurs  30  feet  down,  between  the  sandstone  :  it  varies  from  an  inch  to  a 
foot  in  thickness,  and  probably  corresponds  with  a  very  irregular  bed  observed  at  the  Ohiopile  Falls,  and 
again  on  Maiden  Creek  ;  at  which  latter  place  it  rests  beneath  20  feet  of  sandstone,  and  is  2  feet  thick,  having 
the  appearance  of  having  been  crushed. 
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Signs  of  coal  occitr  near  the  head  of  Bear  Run,  where  the  hills  rise  to  an  elevation  of  nearly  250  feet  aljove 
the  position  occupied  by  the  Serai  conglomerate.  Near  their  summits  we  find  a  coal-smut,  indicating  a  large 
bed,  probably  the  same  with  that  already  noticed  as  appearing  in  the  road  at  Lennard's.  In  the  Serai  conglome- 
rate occurs  here  a  bed  of  coal  2  feet  thick. 

That  part  of  the  valley  embraced  between  the  Youghiogheny  and  the  S.  line  of  the  State  has  yielded  us  less 
satisfactory  data  for  a  description  of  its  geology  than  any  district  farther  North.  The  season  appropriated  to  it 
being  far  advanced,  and  the  country  requiring  a  more  leisurely  examination  to  reveal  its  obscure  stratification 
than  we  were  able  to  afford,  little  was  accomplished  beyond  what  amounted  to  a  reconnaissance  of  its  topo- 
graphy, and  the  identification  of  a  few  of  its  beds. 

A  seam  of  coal  was  formerly  opened  and  mined  to  a  small  extent  on  the  first  stream  which  enters  the  river 
from  the  W.  below  Cucumber  Run.  It  is  4  feet  and  a  few  inches  thick,  including  5  inches  of  slate  near  the  top. 
Lying  on  the  banks  of  a  stream  having  little  fall,  and  in  a  neighbourhood  deficient  in  exposures  of  the  strata,  it 
was  impossible  to  settle  its  position  in  the  series,  though  the  evidence  which  would  refer  it  to  one  of  the  lower 
beds  preponderates.  Did  any  evidences  of  limestone  accompany  it,  we  should  regard  it  as  the  Ferriferous  Coal ; 
yet  this  rock  being  elsewhere  sometimes  several  feet  below  its  coal,  it  may  exist  here  under  the  level  of  the  run. 
Though  no  other  coal-bed  has  been  discovered  in  this  neighbourhood  S.W.  of  the  falls,  the  great  height  of  the 
hills,  and  the  occurrence  of  several  benches,  imjjly  the  existence  of  at  least  four  or  five  seams  in  all. 

Near  the  middle  of  the  valley,  and  half  a  mUe  N.  of  the  National  Road,  coal  occurs  in  the  lowest  grounds. 
Fragments  of  conglomerate  abounding  near  it,  induce  us  to  refer  it  to  the  Ferriferous  Coal-bed.  The  seam  is 
3  feet  thick,  parted  in  the  middle  by  an  inch  of  slate ;  it  yields  a  fuel  well  adapted  to  the  purposes  of  the  black- 
smith. It  is  worked  by  striijping  only.  The  strata  here  are  level.  About  30  feet  above  this,  in  an  adjoining 
hill,  is  seen  the  smut  of  another  coal-seam  (Kittanning  Coal  ?),  which  corresponds  very  well  in  position  with  the 
bed  at  Smythfield  in  the  basin  E.  of  Laurel  Hill.  Another  bench,  showing  black  coal -slate  (Lower  Freeport 
Coal  ?),  appears  25  feet  above  this.    These  three  are  all  the  coal-beds  thought  to  exist  in  this  neighbourhood. 

A  fourth  of  a  mile  S.  of  the  National  Road,  and  one  mile  E.  of  the  former  place,  a  coal-bed  (Kittanning 
Coal  ?),  corresponding  in  character  with  the  Smythfield  Seam,  is  worked  at  its  outcrop.  The  bed  contains,  first, 
a  layer  of  coal  2  feet  thick,  resting  on  one  foot  of  good  fire-clay,  and  this  is  underlaid  by  15  inches  of  coal,  which 
also  reposes  on  good  fire-clay.  The  coal,  otherwise  pure,  is  somewhat  sulphurous.  Twenty-five  feet  above  this 
may  be  noticed  another  coal-bench  (Lower  Freeport  Coal  ?) 

At  Chalk  Hill  on  the  National  Road,  not  far  from  Stewart's  furnace,  there  occurs  a  poor  bed  of  slaty  coal, 
overlaid  by  a  heavy  bed  of  olive  shale  ;  it  is  1  foot  G  inches  thick.  A  well  sunk  50  feet  below  this  coal  reached 
no  other  bed,  nor  did  it  meet  the  coarse  sandstone  of  the  Serai  conglomerate,  which  crops  out  within  less  than  a 
mile  W.  of  Chalk  Hill,  towards  Chestnut  Ridge,  here  erroneously  called  Laurel  Hill.  Higher  up  the  mountain  the 
calcareous  sandstone  near  the  base  of  the  Vespertine  series  displays  itself ;  it  is  used  as  a  road  stone,  for  which  it 
is  well  suited  by  its  toughness. 

The  lowest  seam  of  coal  along  the  W.  margin  of  the  basin  might,  I  conceive,  be  easily  detected  by  following 
the  indications  of  the  rocks  exposed  along  the  National  Turnpike.  Its  discovery  here  would  prove  of  some 
utility. 


CHAPTER  XXX. 

OF  THE  THIN  GEOUP  OP  COAL  STRATA  BETWEEN  THE  UMBRAL  RED  SHALE  AND  THE 
MAIN  SERAL  CONGLOMERATE,  IN  SOMERSET  AND  FAYETTE  COUNTIES. 

In  describing  the  strata  in  the  neighbourhood  of  Turkey  Foot,  in  the  basin  E.  of  Laurel  Hill,  we  made  men- 
tion of  a  thin  gxoup  of  coal-bearing  rocks,  having  no  connection  with  the  main  body  of  the  Coal-measures,  but 
holding  a  position  between  the  upper  layers  of  the  Umbral  and  the  lower  rocks  of  the  Serai  series.  These  earlier- 
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formed  carboniferous  strata,  gradually  developing  themselves  in  our  progress  to  the  S.W.,  do  not  show  themselves 
conspicuously  in  the  basin  W.  of  Laurel  Hill  until  we  reach  the  district  S.  of  the  Youghiogheny,  corresponding  to 
the  Turkey  Foot  country  on  the  opjiosite  side  of  the  mountain.  Near  Stewart's  furnace  they  contain  a  seam  of 
excellent  coal  4  feet  in  thickness.  It  Hes  entirely  below  the  coarse  Serai  conglomerate,  and  20  feet  below  the 
band  of  iron  ore  which  usually  marks  the  upper  limit  of  the  Umbral  red  shale.  The  ore  occurs  in  a  brown 
shale,  so  that  it  may  be  considered  as  appertaining  to  the  Coal-measures,  which  thus  form,  as  it  were,  a  subordinate 
23art  of  the  Umbral  red-shale  formation.  This  ore  occurs  in  four  separate  bands,  two  of  which,  within  3  feet  of 
each  other,  are  near  enough  to  be  worked  together.  The  upper  band  is  less  than  1  inch  in  thickness,  while  the 
lower  varies  from  1 5  to  3  inches.  These  were  the  most  productive  layers  known  here,  until  others  a  little  thicker 
were  discovered  in  the  same  formation  N.  of  the  National  Road,  and  4  miles  from  the  furnace.  In  the  newer 
locality  the  ore  lies  in  two  adjacent  layers,  equivalent  in  all  to  a  thickness  of  about  8  inches  ;  its  quality  is  very 
good.  The  same  ore,  at  the  top  of  the  red  shale,  was  formerly  worked  on  the  Clay  Turnpike  on  Chestnut  Ridge 
near  Connellsville,  and  is  said  to  have  proved  abundant  and  good. 

Valuable  bands  of  iron  ore  occupying  a  similar  position  have  already  been  exhibited,  in  a  section  represent- 
ing the  stratification  at  the  gap  of  the  Cheat  River  through  South  Laurel  HUl  (Chestnut  Ridge). 

Iron  Furnaces. — The  following  are  the  iron  furnaces  W.  of  the  Alleghany  Mountain,  and  E.  of  Chestnut 
Ridge,  which,  in  1854,  were  engaged  in  the  smelting  of  iron  : — 

Four  at  Johnstown — Cambria  Iron  Company.  One  at  Johnstown — Kay  and  Mathews.  One,  Conemaugh  Fur- 
nace, in  Laurel  Hill  Gap — Ray  and  Mathews.  One,  Indiana  Furnace,  \  mile  N.  of  Canal — Baker.  Two  on  Black  Lick 
Creek,  3  miles  N.  of  Canal — Buena  Vista  Furnace  and  Cambria  Iron  Companies.  One,  Cambria  Furnace,  3^  miles 
N.  W.  of  Johnstown — Cambria  Iron  Company.  Two,  3  miles  S.  of  Johnstown,  on  Mill  and  Ben's  creeks — Cambria  Iron 
Company.  One,  Laurel  Hill  Furnace,  6  miles  S.W.  of  Conemaugh — Royer  and  M^'AUister.  One,  Hall  and  Company's 
Furnace,  10  miles  S.  of  last.  Two,  Hall  and  Company's,  and  Mathial  and  Company's,  10  miles  farther  S.  One,  Shade 
Furnace,  IG  miles  S.E.  of  Johnstown. 


PART  III. 


MESOZOIC   RED   SANDSTONE  SERIES. 

 ♦  

INTRODUCTORY  CHAPTER. 

In  the  triple  subdivision  of  the  strata  of  Pennsylvania,  the  Mesozoic  Red  Sandstone,  constituting 
the  uppermost  or  latest  system,  presents  itself  for  description  after  the  Palaeozoic  formations  :  it 
will  form  the  subject  of  the  present  subdivision  of  my  work.  Though  a  somewhat  extensive 
stratum,  it  will  not  demand  a  very  elaborate  delineation,  for  the  formation  is  characterised  by  no 
great  variety  of  composition,  possesses  extreme  simplicity  of  structure,  has  a  very  limited  group 
of  minerals,  and  is,  moreover,  almost  wholly  destitute  of  organic  remains.  I  shall  describe,  first, 
the  geographical  limits,  composition,  local  features,  and  mineral  contents  of  the  formation  ;  in 
the  next  place,  the  igneous  rocks  of  the  district,  and  the  changes  they  have  caused  in  the 
stratified  masses  in  contact  with  them  ;  and  shall  close  with  an  investigation  of  the  geological 
age  of  the  stratum,  and  of  its  origin,  or  the  conditions  under  which  it  was  deposited.  The 
name  Mesozoic  Red  Sandstone,  by  which  I  here  propose  to  designate  this  deposit,  is  given  to  it 
in  allusion  to  the  geological  age  in  which  it  was  produced,  both  its  organic  remains  and  its 
position  among  the  other  systems  of  strata  distinctly  indicating  it  to  have  originated  early  in 
the  so-called  Mesozoic  period,  or  the  middle  ages  of  extinct  or  fossil  Hfe.  As  a  term,  it  is  less 
theoretical  and  more  descriptive  than  that  of  New  Red  Sandstone,  the  title  often  conferred 
upon  it  by  geologists  ;  it  seems  called  for,  likewise,  as  recognising  the  valuable  nomenclature 
recently  proposed  for  the  fossiliferous  rocks  by  Professor  Phillips  and  other  British  geologists. 

Geographical  Limits  of  the  Mesozoic  Red  Sandstone. — The  entire  area  of  this  formation,  one 
portion  of  which  crosses  Pennsylvania,  is  very  great.  It  commences  at  the  W.  bank  of  the  Hudson 
River,  in  a  broad  belt  extending  from  the  Bay  of  New  York  to  the  base  of  the  first  ridges  of  the 
Highlands,  and  is  bounded  on  the  N.W.  by  this  chain  and  its  continuation.  South-westward  it 
traverses  New  Jersey,  Pennsylvania,  Maryland,  and,  in  a  more  interrupted  manner,  Virginia  and 
a  part  of  North  Carolina,  so  that  its  total  length  is  not  less  than  500  miles.  Having  a  width 
in  New  Jersey  of  20  miles  between  the  Hudson  and'  the  Higlilands,  it  crosses  the  Delaware 
into  Pennsylvania  with  a  breadth  expanded  to  nearly  30  miles.  It  retains  this  until  it 
approaches  the  Schuylkill,  where  it  rapidly  contracts,  and  maintains  for  the  remainder  of  its 
course  through  Berks,  Lancaster,  Lebanon,  Dauphin,  York,  and  Adams  counties,  the  diminished 
breadth  of  about  10  miles  between  the  Schuylkill  and  Susquehanna,  and  of  15  between  this 
latter  river  and  the  Maryland  State  line. 
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The  S.  margin  of  the  formation  crosses  the  Delaware  Eiver  about  1-^  miles  above  the  town 
of  Trenton,  runs  nearly  W.  to  the  Schuylkill,  which  it  passes  about  2  miles  S.  of  Norristown. 
It  advances  by  Valley  Forge  and  Kimberton  to  French  Creek,  the  course  of  which  it  follows 
nearly  to  the  county  line  of  Chester.  It  passes  about  half  a  mile  to  the  N.  of  Morgantown, 
Churchtown,  and  Hinkleton,  and  goes  through  Millport  to  Buchanan's  Run,  when  it  suddenly 
folds  back  and  runs  towards  the  N.E.,  through  Ephratah  to  Eeamstown.  From  the  last  point  it 
sweeps  in  a  regular  curve,  first  towards  the  N.W.  and  afterwards  the  S.W.,  crossing  the  turnpike 
at  Middle  Creek.  Reachino;  Hammer  Creek,  it  descends  alonoj  the  course  of  this  stream  to  Erb's 
mill,  where  it  turns  again  W.,  passing  about  a  mile  to  the  N.  of  Litiz,  and  reaches  in  the  same 
course  Manheim.  Here  it  advances  once  more  towards  the  E.,  which  direction  it  pursues  as  far 
as  Buchanan  s  Run,  where,  however,  it  again  turns  W.,  continuing  in  that  course  uninterruptedly 
to  Springfield,  at  which  place  it  makes  another  short  fiexure,  but  soon  resumes  its  W.  range, 
passing  1^  miles  S.  of  Elizabethtown,  and  thence  nearly  in  a  straight  line  S.W.  to  Bainbridge 
on  the  Susquehanna. 

Crossing  the  Susquehanna,  the  S.  edge  of  the  formation  leaves  the  AV.  bank  of  the  river 
about  one  mile  above  the  little  village  of  New  Holland,  nearly  opposite  to  Bainbridge,  and 
maintaining  a  direction  very  nearly  S.W.,  the  line  extends  to  the  N.  base  of  the  Pigeon  Hills, 
passing  about  2^  miles  N.W,  of  the  town  of  York,  and  crossing  the  York  and  Gettysburg  Road, 
9  miles  W.  of  the  first-named  place.  It  now  ranges  along  the  N.W.  foot  of  the  Pigeon  Hills,  at 
the  W.  extremity  of  which  it  deflects  somewhat  more  towards  the  S.,  and,  passing  one  mile 
to  the  W.  of  Littlestown  (Petersburg),  it  reaches  the  Maryland  line  near  Arnold's  mill  on 
Piny  Creek. 

From  the  Delaware  River  at  Trenton  to  the  vicinity  of  Willow  G-rove  the  red  sandstone 
overlaps  the  gneiss  ;  between  that  point  and  the  neighbourhood  of  Valley  Forge  it  is  in  contact 
wdth  the  altered  Primal  and  Auroral  rocks,  but  chiefly  with  the  limestone  of  the  valley.  From 
Valley  Creek  to  the  Warwick  Iron-mine,  near  the  head  of  French  Creek,  the  S.  margin  again 
covers  the  gneiss  ;  beyond  this  latter  locality,  for  3  miles  to  the  edge  of  Chester  Coimty,  it 
conceals  the  Primal  sandstone  and  slate  of  the  Welsh  Mountain  ;  and  thence  through  the 
whole  length  of  Lancaster  County  to  the  Susquehanna  it  is  everywhere  in  junction  with  the 
Auroral  limestone. 

Crossing  the  Susquehanna,  this  S.  or  rather  S.E.  border  overlaps  first  the  Auroral  limestone 
for  a  mile  or  more  from  the  river,  it  then  covers,  the  Primal  rocks  of  the  Chiques  anticlinal  belt 
N.  W.  of  the  Codorus  for  2  or  3  miles  farther  ;  thence  to  the  foot  of  the  Pigeon  Hills  it  is  again 
in  contact  with  the  limestone,  and  along  the  foot  of  these  hills  with  the  Primal  slate.  From  their 
S.W.  termination  nearly  to  the  Maryland  line  it  overlaps  once  more  the  limestone,  and  at  the 
State  line  rests  again  upon  the  Metamorphic  Primal  slate. 

The  N.  border  of  this  Red  Sandstone  formation,  crossing  the  Delaware  near  Durham,  will,  if 
traced  W.,  be  found  to  pass  about  one  mite  S.  of  Springtown,  and  one  mile  N.  of  Cooperstown  to 
the  Hosacock  Creek,  where  the  road  crosses  it  in  Upper  Milford  Township.  It  then  runs  a  little 
to  the  S.  of  the  Mount  Pleasant  Iron-mines,  passes  Boyerstown,  crosses  the  Perkiomen  one  mile 
S.  of  the  Black  Bear  Tavern,  and  meets  the  Schuylkill  about  2  miles  S.  of  the  town  of  Reading. 
From  this  latter  point  the  N.  edge  of  the  sandstone  stratum  extends,  with  a  slight  undulation, 
in  a  nearly  W.  direction  to  the  S.W.  end  of  Millbaugli  Hill,  overlapping  first  the  limestone  of  the 
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Kittatinny  Valley,  then  gnessic  rocks,  and  finally  the  Primal  white  sandstone  of  the  hill.  From 
Millbaugh  Hill  its  range  is  a  little  S.  of  W.,  through  ShaefFerstown,  past  the  Cornwall  Iron- 
works, and  thence  along  the  turnpike  to  Campbelltown,  from  which  sj^ot  it  takes  a  nearly 
straight  course  to  Highspiie  on  the  Susquehanna.  Between  Millbaugh  Hill  and  the  Susque- 
hanna, the  red-sandstone  formation  lies  everywhere  in  contact  with  the  Auroral  limestone  of  the 
Kittatinny  Valley. 

Passing  the  Susquehanna  about  1-g  miles  below  the  mouth  of  Yellow  Breeches  Creek,  the  N. 
or  N.W.  edo;e  of  the  formation  is  in  contact  with  the  Auroral  limestone  as  far  as  the  E.  extre- 
mity  of  the  South  Mountain  north  of  Dillsburg.  From  Dillsburg  to  the  Maryland  State  line  it 
is  everywhere  bounded  by  the  base  of  the  South  Mountain,  the  line  of  contact  of  this  group,  and 
the  Primal  rocks  of  that  chain,  curving  gently  Southward,  and  passing  by  the  little  villages  of 
Middletown,  Cashtown,  and  Fairfield,  and  meeting  the  State  line  a  little  W.  of  Emmettsburg. 

Composition  of  the  Mesozoic  Red  Sandstone. — The  predominant  portion  of  this  formation 
consists  of  reddish-brown  shale  and  argillaceous  sandstone  in  intimate  alternations.  In  some 
parts  of  the  mass,  the  argillaceous  matter  is  in  such  excess  that  certain  beds  are  little  else  than 
a  homogeneous  consolidated  clay,  with  the  laminae  of  deposition  extremely  indistinct.  Else- 
where there  is  such  a  superabundance  of  silicious  sand  in  some  of  the  strata  as  to  constitute  these 
true  arenaceous  sandstones  ;  but  this  last-named  variety  of  the  rock  usually  includes  a  sufficient 
proportion  of  the  red  ferruginous  clay  to  possess  some  shade  of  reddish  brown,  more  or  less  pale 
or  deep  as  the  sandy  particles  more  or  less  prevail.  Occasionally,  though  rarely,  there  occurs 
a  nearly  white  stratum,  composed  almost  exclusively  of  rather  weakly  cohering  sand.  It  is  in 
the  inferior  and  upper  portions  of  the  formation,  or  near  its  N.  and  S.  margins,  that  we  meet,  for 
the  most  part,  with  the  more  distinctly  arenaceous  strata.  In  these  portions  of  the  belt,  true 
sandstones,  well  adapted  to  architectural  uses,  are  not  uncommon ;  and  in  some  localities,  as 
on  the  Schuylkill  and  on  the  Delaware,  but  especially  in  New  Jersey,  extensive  quarries 
are  wrought,  supplying  a  very  beautiful  building-material  to  the  cities  of  Philadelphia  and 
New  York.  On  the  New  York  side  of  the  belt  there  are  also  red  silicious  coarse  grits  or  con- 
glomerates, well  adapted  to  withstand  heat,  and  therefore  extensively  employed  as  hearthstones 
for  iron  furnaces.  In  the  central  and  upper  parts  of  the  deposit  we  not  unfrequently  meet 
with  dark-grey  and  blue  shales,  containing  much  carbonaceous  matter  in  a  partially  pul- 
verulent state,  and  here  and  there  a  chunk  of  true  compact  Lignite,  more  or  less  bituminous, 
but  retaining  distinctly  the  fibrous  structure  of  the  wood  from  which  it  has  been  derived.  This 
lignite  is  even  occasionally  in  continuous  layers  of  2  or  3  inches  thickness,  extending  for  several 
yards.  Approximating  to  the  features  of  genuine  coal,  these  little  seams  are  a  fertile  source  of 
delusive  hope  among  those  who  are  ignorant  of  the  geological  relations  of  our  strata. 

Besides  the  great  body  of  red  shale  and  sandstone  thus  characterised,  the  formation  includes 
near  its  upper  and  lower,  or  N.  and  S.  limits,  two  other  subdivisions  which  claim  a  special 
description  :  these  are  coarse  conglomerates,  very  heterogeneous  in  composition,  and  interrupted 
in  their  line  of  outcrop.  In  the  E.  part  of  the  belt,  and  especially  near  the  Delaware,  the  base 
of  the  whole  formation  is  a  mass  of  coarse  pinkish  and  greyish  sandstones,  composed  of  rather 
angular  fragments  of  quartz,  felspar,  and  a  little  mica,  the  constituents  of  the  neighbouring 
gneissic  strata.  These  beds  graduate  upward  into  the  soft  red  argillaceous  sandstones  ;  but  in 
the  vicinity  of  the  Susquehanna,  and  at  intervals  along  the  S.E.  edge  of  the  belt  in  York  and 
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Adams  counties,  a  conglomerate  of  a  very  different  quality  holds  the  same  position  in  the 
formation.  It  consists  of  pebbles  of  the  adjacent  older  formations,  especially  the  Auroral  lime- 
stone and  Primal  sandstone,  with  some  quartz,  all  cemented  in  an  exceedingly  irregular  manner 
in  a  paste  of  the  brownish  red  clay  or  shale.  The  composition  of  this  conglomerate  varies  greatly, 
being  influenced  by  the  nature  of  the  contiguous  older  rocks  from  which  its  coarse  materials 
have  been  derived.    These  pebbles  are  of  all  dimensions  up  to  a  diameter  of  5  or  6  inches. 

Another  very  similar  calcareous  conglomerate  to  that  which  forms  the  base  of  the  formation 
W.  of  the  Susquehanna,  constitutes  in  several  neighbourhoods  the  upper  or  terminal  stratum. 
This  bed  is  so  well  characterised,  and  so  little  involved  in  the  general  red-sandstone  deposit 
which  it  caps,  that  it  is  entitled  to  be  regarded  as  a  distinct  sub-formation,,  the  resvdt  of  a  special 
train  of  physical  actions  ;  it  overlies  the  red  shale  along  its  N.W.  margin,  not  in  a  continuous 
belt,  but  in  several  long  narrow  patches.  It  is  an  extremely  heterogeneous  rock,  its  pebbles, 
which  are  more  or  less  water-worn  and  abraded  by  mutual  rubbing,  and  which  are  of  aU  sizes, 
from  that  of  a  grain  of  corn  to  that  of  a  man's  head,  consisting  promiscuously  of  all  the 
materials  of  the  neio-hbouring;  strata  imbedded  in  a  cement  of  the  common  red  shale.  In 
certain  localities  along  the  base  of  the  gneissic  hills  between  the  Delaware  and  Schuylkill,  a  part 
of  the  pebbles  are  referable  to  the  adjacent  gneiss  and  Primal  sandstone  ;  and  this  is  also 
the  case  at  the  foot  of  South  Mountain  in  York  and  Adams  counties  ;  but  the  prevailing 
mixture  is  one  containing  a  large  proportion  of  pebbles  of  the  Auroral  limestone.  Where  the 
pebbles  are  for  the  most  part  from  this  rock,  the  cementing  red  clay  is  partially  calcareous  from 
infiltration  ;  in  these  instances  the  rock  is  susceptible  of  being  readily  quarried  and  dressed,  and 
when  polished  forms  a  rather  pleasing  and  singularly  variegated  brecciated  marble.  Of  this 
character  is  the  Potomac  marble,  so  called,  of  which  the  columns  in  the  late  Hall  of  Representa- 
tives at  Washington  city  are  interesting  specimens. 

Of  the  Dip  of  the  Strata. — Throughout  this  extensive  red-sandstone  belt,  the  dip  of  the 
strata  is  uniformly  towards  the  N.,  or  towards  some  point  intermediate  between  N.  and  N.W. 
This  is  shown  in  all  the  general  sections,  from  No.  II.  to  No.  X.  The  average  incHnation  is  from 
15°  to  20° ;  perhaps  it  nowhere  exceeds  25°,  nor  is  it  ever  met  with  lower  than  10°  or  12°.  This 
remarkable  constancy  in  the  direction  and  angle  of  the  dip  extends  to  both  sides  of  the  forma- 
tion, and  applies  as  well  to  the  lower  and  upper  conglomerates  as  to  the  main  central  body  of  red 
shale  and  sandstone.  Throughout  a  breadth  of  nearly  30  miles,  where  the  Delaware  crosses  the 
stratum,  it  preserves  a  uniform  inclination  of  about  20°,  although  it  is  penetrated  and  overflowed 
in  several  places  by  masses  of  intrusive  trap-rock.  It  is,  indeed,  a  very  interesting  fact  connected 
with  the  origin  of  this  formation,  that  few,  if  any,  of  the  very  numerous  intersecting  trap-dykes, 
some  of  which  are  of  enormous  magnitude,  appear  to  have  exerted  any  influence  upon  the  dip  at 
the  time  of  their  eruption,  unless,  perhaps,  they  may  have,  in  certain  instances,  added  a  little 
to  its  steepness,  by  compressing  the  horizontal  area  of  the  invaded  mass.  Scarcely  in  a  single 
instance  has  the  intrusion  of  the  molten  trap  through  the  strata  caused  any  sensible  difference  in 
the  inclination  of  the  opposite  walls  of  the  fissure  ;  and  it  is  obvious  that,  if  the  dip  of  the  sand- 
stone were  the  result  merely  of  the  internal  force  which  injected  the  trap,  such  a  difference 
should  appear,  giving  a  S.  dip  on  the  S.  side  of  the  dyke.  This  singular  regularity  of  dip  in  the 
transverse  direction  cannot,  on  the  other  hand,  be  due  to  a  wdde  wave  or  flexure  in  the  crust,  for 
in  the  broadest  parts  of  the  belt  we  can  perceive  no  gradation  in  the  angle  to  mark  the  existence 
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of  such  a  curve  ;  nor  will  it  meet  the  case  to  assume  the  whole  tract  to  be  but  the  N.W.  slope  of 
one  vast  anticlinal,  whose  summit  and  S.  side  may  have  been  swept  away — as  the  enormous 
length  and  irregular  form  of  the  belt  at  once  precludes  this  hypothesis.  We  shall  have  to  seek, 
then,  for  the  origin  of  the  dip  and  its  constancy  of  feature  in  actions  or  conditions  of  the  surface 
anterior  to  the  appearance  of  the  trap,  and  unconnected  with  any  of  those  majestic  movements 
of  the  crust  from  which  the  inclinations  of  all  our  other  still  older  strata  unquestionably  proceeded. 
I  shall,  in  a  future  page,  return  to  the  consideration  of  these  actions  and  conditions,  and  endea- 
vour to  make  it  appear  that  this  oblique  bedding  of  the  sandstone  is  an  original  feature  impressed 
at  the  period  of  the  deposition  of  each  layer,  and  the  necessary  consequence  of  the  peculiar  state 
of  the  adjacent  ancient  topography,  and  of  the  currents  carrying  and  precipitating  these  sediments. 

Igneous  Rocks  of  the  Mesozoic  Red  Sandstone. — Numerous  dykes  of  Trap,  in  its  several 
varieties,  occm-  in  this  great  tract  of  the  Mesozoic  red  sandstone,  and  it  is  a  curious  fact,  diffi- 
cult of  explanation,  that  the  chief  portion  of  all  the  injections  of  this  class  are  restricted,  if  not 
precisely  to  the  present  limits  of  this  belt,  at  least  to  the  more  extended  area  originally  occupied 
by  it.  This  geological  relationship  of  the  trap  to  the  sandstone  is  not  merely  a  feature  of  the 
important  portion  of  the  formation  embraced  within  the  limits  of  Pennsylvania,  but  belongs  to 
the  entire  length  of  the  stratum  from  the  Hudson  to  Virginia  ;  and  what  is  still  more  striking, 
it  obtains  equally  in  the  independent  belt  which  fills  the  valley  of  the  Connecticut.  Nor  is  this 
association  of  the  two  rocks  restricted  to  these  two  long  narrow  lines  of  Mesozoic  depositions 
S.E.  of  the  first  great  range  of  the  Appalachian  Chain ;  it  extends  remarkably  enough  to  the 
basin  of  Mesozoic  Sandstone,  for  such  it  must  be  regarded,  which  occupies  the  South  shore  of 
the  Bay  of  Fundy,  in  Nova  Scotia.  What  the  physical  causes  were,  which,  at  the  close  of  the 
Triassic  period,  confined  the  rupturing  of  the  crust  and  the  effusion  of  trappean  matter  to  the 
comparatively  narrow  and  local  areas  overspread  by  the  Mesozoic  red  shale  and  their  depositing 
waters,  it  is  difficult,  in  the  present  state  of  geological  dynamics,  even  to  conjecture,  and  the 
present  is  not  a  fit  opportunity  for  speculating  upon  a  subject  so  purely  theoretical. 

The  ordinary  trap-rock  of  the  Mesozoic  belt  of  Pennsylvania— and  the  description  is  equally 
applicable  to  that  of  all  the  other  districts  above  alluded  to — is  that  variety  which  is  known  under 
the  rather  obscure  name  of  Basalt,  and  which  in  its  typical  forms  consists  of  an  union  of  augite, 
felspar,  and  titaniferous  iron,  the  first-named  mineral  predominating.  In  some  dykes,  however, 
the  rock  embraces  much  hornblende,  replacing  the  augite.  It  is  in  such  instances  a  true  green- 
stone trap,  but  this  is  the  less  common  variety  of  the  two.  It  is  of  all  degrees  of  relative  fineness 
of  crystallisation,  from  a  coarse  aggregate,  such  as  we  behold  in  some  parts  of  the  Conewago 
Hills,  in  Lancaster,  in  which  the  constituent  minerals  are  very  easily  recognisable,  to  a  very  com- 
pact, almost  homogeneous  mass.  It  contains  few  extraneous  minerals,  and  these  are  chiefly  met 
with  in  the  amygdaloidal  varieties,  near  the  borders  of  certain  of  the  larger  dykes,  or  more  pro- 
perly in  immediate  contact  with  the  altered  red  shale,  by  the  reaction  of  the  trap  upon  which  this 
amygdaloidal  character  has  been  acquired,  and  these  minerals  have  been  evolved,  chiefly  by  seg- 
regation.   They  are  principally  Epidote,  Frehnite,  Zeolite,  Stilhite,  Analcime,  and  Datliolite. 
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DETAILED  DESCRIPTION  OF  THE  MEMBERS  OF  THE  MESOZOIC  SERIES. 

EED  SHALE  AND  SANDSTONE. 

The  very  great  general  uniformity  of  the  composition  and  contents  of  this  extensive  stratum 
renders  it  unnecessary  to  offer  here  a  minute  description  of  it  under  all  its  local  exhibitions.  It 
will  be  more  expedient  to  pursue  the  course  adopted  in  relation  to  certain  other  of  the  more 
monotonous  portions  of  our  geology,  describing  one  or  more  transverse  sections  of  the  formation, 
where  it  is  most  diversified  and  fully  developed,  and  introducing  only  such  local  details  as  are  of 
specially  practical  or  scientific  value.  A  correct  conception  of  the  nature  of  the  formation  will 
be  best  conveyed  by  a  description  of  its  several  features,  as  they  may  be  seen  in  the  vicinity  of 
the  Delaware  Eiver,  where  the  belt  has  its  greatest  breadth.  A  reference  to  the  general  section 
No.  II.  will  aid  the  reader  in  following  this  brief  analysis. 

Observing,  as  usual,  the  ascending  order,  I  shall  commence  with  the  S.  edge  of  the 
belt  near  Trenton,  and  treat  successively  of  the  several  natural  divisions  of  the  formation  as  we 
reach  them,  proceeding  Northward.  Along  the  S.  margin  of  the  formation,  near  the  Delaware, 
there  is  a  well-marked  subdivision,  having  a  breadth  of  nearly  2  miles,  and  consisting  of 
coarse  reddish-grey  quartz,  with  occasional  strata  of  conglomeritic  sandstone.  This  rock  is 
exposed  below  Yardleyville ;  it  is  composed  of  small  angular  grains  and  imperfectly  rounded 
pebbles  of  the  minerals  of  the  neighbouring  gneissic  rocks,  the  upturned  edges  of  which  it  rests 
upon  unconformably.  The  pebbles  are  chiefly  quartz  and  felspar,  those  of  the  former  mineral 
being  in  certain  layers  nearly  an  inch  in  diameter.  Some  of  this  quartz  is  slightly  opalescent. 
Much  of  the  felspar  is  in  a  state  of  partial  decomposition,  passing  towards  the  condition  of  Kaolin, 
as  indicated  by  its  want  of  lustre,  and  its  duU  yellowish- white  colour.  A  certain  proportion 
of  hornblende,  and  also  a  small  amount  of  mica,  likewise  occur.  Among  these  materials  there  is 
dispersed  in  minute  nests  or  specks  much  yellow  hydrated  peroxide  of  iron  :  this  substance,  and 
the  partially  disintegrated  felspar,  weaken  the  cohesion  of  the  rock,  and  much  impair  its  value 
as  an  architectural  stone.  The  bedding  of  the  more  arenaceous  layers  is  not  very  regular,  and 
there  is  generally  an  oblique  lamination,  the  result  of  inclined  deposition,  a  structure  which  mate- 
rially injures  the  utility  of  this  rock  for  many  purposes.  Interstratified  with  the  beds  of  pure 
sandstone  are  many  strata  of  a  more  argillaceous  and  browner  sandstone,  and  innumerable  layers 
of  soft  red  shale.  The  lower  member  of  the  formation,  as  here  described,  is  traceable  under  more 
or  less  distinctiveness  of  character,  for  many  miles  E.  and  W.,  in  both  directions,  from  the  Dela- 
ware ;  it  is  visible  near  the  Schuylkill,  below  Norristown,  but  is  there  extremely  narrow. 
Between  the  Schuylkill  and  the  Susquehanna  it  seems  to  be  generally  absent,  ha\ang,  perhaps, 
been  swept  away  in  the  extensive  denudation  to  which  the  S.  border  of  the  belt  has  been  exposed 
in  that  quarter. 

Above  these  rather  heterogeneous  rocks  of  the  base  of  the  formation  there  rests  a  series  of 
beds  of  a  somewhat  diflerent  material,  constituting  a  zone  which,  near  the  Delaware,  is  nearly  2 
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miles  wide.  In  this  division  the  predominant  rock  is  a  rather  coarse-grained  pinkish  sandstone, 
composed  of  transparent  quartzose  sand,  white  specks  of  decomposing  felspar,  and  occasional  flat 
pebbles,  or  flakes  of  the  compact  red  shale,  or  argillaceous  red  sandstone  ;  but  the  silicious  sand 
is  the  chief  ingredient,  and  the  cement  uniting  these  materials  is  the  red  shale  or  clay.  From  the 
circumstance  that  no  part  of  the  formation  has  ever  been  deeply  buried,  either  under  a  great 
mass  of  waters  or  beneath  other  strata,  the  cohesion  of  the  particles  in  these  rocks  is  somewhat 
feeble  ;  nevertheless,  the  belt  which  I  am  now  describing,  furnishes  altogether  the  best  building- 
stone  derived  from  the  whole  formation  ;  it  is  quarried  near  Yardleyville,  and  in  New  Jersey,  in 
a  series  of  quarries  near  the  canal  ;  the  stratification  is  for  the  most  part  regular,  and  the  rock 
is  easily  quarried  and  wrought.  Those  varieties  which  possess  a  uniform  reddish-grey  colour 
should  be  preferred  for  architectural  uses,  since  the  quantity  of  disintegrating  felspar  present  in 
much  of  the  lighter  and  coarser  pinkish  sort,  greatly  impairs  its  cohesion  and  power  of  resisting 
the  influence  of  the  elements.    This  zone  extends  to  the  Schuylkill. 

The  next  overlying  division  of  the  general  stratum  is  much  broader,  extending  from  the 
Northern  limit  of  that  last  described,  to  a  point  about  1  mile  N.  of  the  tract  of  Auroral  lime- 
stone, near  New  Hope.  This  extensive  mass  includes  all  the  more  common  varieties  of  the  red 
shale,  and  red  or  brown  argillaceous  sandstone.  All  the  forms  of  these  rocks  of  every  aspect, 
from  the  softest  argillaceous  shales,  so  homogeneous  as  scarcely  to  show  the  stratification,  to  hard 
silicious  and  micaceous  sandstone,  here  abound  in  almost  endless  alternation.  These  strata, 
having  a  W.S.W.  strike,  range  through  the  Southern  half  of  Bucks  and  Montgomery  counties, 
and  appear  in  a  broad  belt  N.E.  of  the  Schuylkill.  In  the  neighbourhood  of  the  Delaware  River 
this  part  of  the  formation  is  intersected  by  several  enormous  dykes  of  trap-rock,  the  heat 
imparted  by  which  has  caused  an  extensive  alteration  in  the  aspect  and  texture  of  the  strata,  and 
developed  in  certain  localities  some  Inghly  interesting  phenomena  of  mineral  segregation,  the 
features  of  which  will  claim  our  attention  in  a  future  page. 

Upon  this  group  there  lies  a  rather  more  diversified  series  of  strata  of  alternating  red  sand- 
stones and  coarse  yellowish  conglomerates,  subdivided  by  occasional  thinner  beds  of  the  soft  red 
shale.  These  coarser  rocks  much  resemble  those  of  the  first-described  division  at  the  base  of  the 
formation.  Some  of  the  pebbles  of  quartz  exceed  half  an  inch  in  diameter  ;  mingled  among  them 
are  small  flat  fragments  of  red  shale,  evidently  worn  by  attrition  ;  many  of  the  layers  consist  of 
a  rather  homogeneous  coarse  sandstone,  and  furnish  a  rock  well  adapted  to  some  of  the  common 
purposes  of  architecture.  This  belt  has  a  width  of  nearly  one  mile  on  the  Pennsylvanian  side  of 
the  Delaware  :  it  crosses  the  river  into  New  Jersey  in  the  vicinity  of  Centre  Bridge. 

Passing  the  belt  of  conglomeritic  sandstone,  we  again  meet  with  the  usual  alternation  of  red 
shale  and  soft  argillaceous  red  sandstone.  These  constitute  a  vast  group  occupying  all  the  region 
between  the  belt  just  described  and  the  calcareous  conglomerate  on  the  N.  border  of  the  forma- 
tion. In  the  district  of  the  Delaware  these  rocks  are  extensively  altered  by  the  temperature 
originally  imparted  to  them  by  numerous  dykes  of  trap-rock,  and  by  much  igneous  rock  which 
has  not  reached  the  surface,  but  of  the  proximity  of  which  there  exist  the  strongest  indications. 
The  partially-metamorphosed  strata  of  the  tract  under  consideration,  which  has  its  S.  margin 
near  the  mouth  of  the  Tohickon,  are  highly  indurated  and  compact,  have  a  prevailing  dull- 
brown  and  purple  colour,  sometimes  passing  into  dull-blue,  and  are  moreover  everywhere  inter- 
sected by  large  joints  cutting  the  beds  into  great  rhombic  blocks.    Those  portions  which  have 
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experienced  the  greatest  amount  of  igneous  action  have  a  semi-crystalline  fracture,  and  when 
struck  with  a  hammer  give  out  a  ringing  sound.  In  the  immediate  vicinity  of  some  of  the  large 
dykes  where  the  alteration  reaches  its  maximum,  distinct  mineral  species  have  been  developed  in 
the  shales  by  a  well-known  process  of  segregation,  caused  by  extreme  heat.  The  most  common 
mineral  thus  elaborated  from  the  union  of  the  earthy  particles  of  the  sedimentary  strata  is 
Epidote,  which  here  occurs  in  the  form  of  spherical  geodes  or  amygdals.  The  Nockamixon  cliffs 
on  the  Delaware  display  these  upper  beds  in  all  their  features. 

In  the  region  of  the  Schuylkill,  and  through  the  whole  tract  between  it  and  the  Susque- 
hanna, indeed  as  far  as  Maryland,  the  prevailing  rocks  are  identical  with  these  here  referred  to  as 
forming  the  N.  half  of  the  formation  of  the  Delaware.  But  the  red  shales  and  argillaceous  red 
sandstones  have  not  everywhere  undergone  the  same  amount  of  alteration  from  intrusive  igneous 
matter.  Except  in  the  N.  part  of  York  County,  there  is  no  other  neighbourhood  in  which  the 
strata  have  suffered  this  general  baking  action  to  an  extent  at  all  approaching  that  discernible 
near  the  Delaware.  A  great  number  of  small  and  insulated  dykes  of  trap  traverse  the  forma- 
tion, and  near  the  Susquehanna  there  are  two  or  three  of  no  inconsiderable  dimensions  ;  but  the 
changes  induced  by  these  injections  rarely  extend  farther  than  a  few  hundred  feet  from  the 
walls  of  the  dykes,  and  in  the  greater  number  of  instances  are  confined  within  narrower 
limits. 

Throughout  the  district  here  described,  the  prevailing  dip  of  the  beds  is  about  18°  or  20° 
to  the  N.N.W. 

All  along  its  N.  border  the  formation  contains,  besides  the  ordinary  red  shales  and  red  argil- 
laceous sandstones,  many  strata  of  a  coarse  brown  silicious  sandstone,  portions  of  which  are 
often  coarse  enough  to  deserve  the  name  of  a  conglomerate.  These  conglomeritic  beds  consist  of 
little  else  than  more  or  less  angular  grains  of  sand  and  small  quartzose  pebbles,  cemented 
together  by  a  very  small  amount  of  red  shale  or  clay.  It  is  difficult  to  trace  these  coarser  beds  very 
far,  and  it  is  certain  that  they  are  not  to  be  regarded  as  great  permanent  members  of  the  forma- 
tion, but  rather  as  local  deposits  of  the  extent  of  a  few  furlongs,  or  even  a  mile  or  two.  Alter- 
nating with  rocks  derived  from  a  finer  class  of  sediments,  they  seem  to  indicate  that  the  gene- 
rally quiet  movement  of  the  waters  was  occasionally  interrupted  by  sudden  but  not  very  widely 
extended  currents,  of  sufficient  velocity  to  sweep  into  this  great  estuary  the  hea\der,  coarser 
particles  of  its  adjacent  shores.  Many  of  the  silicious  pebbles  are  fragments  of  the  Primal  white 
sandstone. 

This  coarse  brown  grit,  or  silicious  conglomerate,  has  long  been  employed  as  a  material  for 
the  hearths  of  iron  furnaces,  and  in  all  cases  where  the  fuel  is  charcoal,  and  the  heat  consequently 
not  excessive,  it  bears  the  trial  well.  The  hills  W.  of  the  Schuylldll  have  furnished  hearthstones 
for  many  furnaces  in  the  Eastern  part  of  Pennsylvania  for  a  long  period.  This  rock,  which 
is  generally  gathered  from  the  surface,  where  it  oftentimes  is  found  in  large  detached  blocks,  is 
harder  and  coarser  than  the  variety  procured  in  Rockland  County,  New  York,  and  which  is  known 
under  the  name  of  the  Haverstraw  Stone.  In  the  application  of  anthracite  coal  to  the  smelting 
of  iron,  the  more  intense  heat  and  greater  force  and  volume  of  blast,  compared  with  those 
used  in  the  ordinary  charcoal  furnaces,  cause  a  too  rapid  waste  of  the  hearths  constructed  of  this 
material.    In  this  class  of  furnaces  it  is  therefore  not  now  employed. 

It  is  a  general  fact  well  worthy  of  notice,  as  bearing  upon  the  question  of  the  nature  of  the 
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currents,  and  the  condition  of  the  surface  at  the  origin  of  this  Mesozoic  formation,  that  not  only 
these  coarser  grits,  but  indeed  all  the  strata,  viewed  individually,  are  comparatively  limited  in 
their  extent.  We  cannot,  as  in  the  case  of  many  of  the  Palseozoic  strata,  trace  any  of  the  single 
layers  over  a  wide  area,  but  each  bed  appears  to  thin  away  at  no  great  distance,  and  the  whole 
mass,  therefore,  to  be  made  up  of  narrow  overlapping  wedge-shaped  strata.  In  this  character- 
istic feature,  the  entire  stratum  bears  a  close  resemblance  to  many  estuary  formations  where  we  | 
may  witness,  in  the  circumscribed  extent  and  constant  alternations  of  the  smaller  subdivisions  of  j 
the  deposit,  the  ever-shifting  operation  of  river-currents,  and  of  the  still  more  inconstant  tides.  i 

On  the  Schuylkill,  and  in  the  belt  of  country  between  that  river  and  the  Susquehanna,  the 
stratum  presents  very  little  departure  from  the  type  which  it  bears  in  all  the  middle  and 
Northern  portions  of  the  section  near  the  Delaware  ;  the  great  mass  of  the  formation  being 
red  shale  and  soft  red  sandstone,  with  occasional  beds  of  more  arenaceous  grits  and  a  few  of 
silicious  conglomerate.  Perhaps  there  is,  on  the  whole,  a  large  proportion  of  grey  f  el  spathic 
sandstone  in  the  series.  This  rock,  some  varieties  of  which  seem  well  adapted  to  architectural 
uses,  differs  little  in  composition  from  the  red  and  brown  sandstones,  except  in  the  nature  of  the 
cement  which  holds  together  the  granules  of  sand,  this  consisting,  in  the  present  case,  of  a  whitish 
clay,  apparently  the  product  of  decomposing  felspar,  and  not  of  the  common  red  shale.  Some 
of  these  grey  rocks  imbed  thin  layers  of  bluish  carbonaceous  shale,  with  masses  of  lignite,  and 
we  not  unfrequently  find  fragments  of  that  substance,  and  of  fibrous  charcoal,  imbedded  in  the 
sandstone  itself.  These  facts  indicate  that  such  parts  of  the  formation  had  probably  an  origin 
different  from  that  of  the  red  shales.  Strata  answering  to  the  description  here  given  are  common 
in  the  vicinity  of  Litiz,  Manheim,  Mountjoy,  and  Elizabethtown,  and  they  seem  to  constitute 
an  almost  continuous  belt  in  this  portion  of  the  formation. 


BOUNDARY  OF  THE  MESOZOIC  RED  SANDSTONE  IN  THE  CHESTER  COUNTY 

LEAD-MINING  DISTRICT. 

Taking  up  the  line  of  the  red  sandstone  on  the  Schuylkill  River  at  Port  Kennedy,  where  a 
more  than  usually  extensive  denudation  of  its  margin  has  cut  it  away,  so  that  its  edge  touches 
the  river,  and  tracing  it  W.,  we  may  follow  it  by  the  S.W.  base  of  the  ridge,  running 
towards  Valley  Forge,  the  vale  and  meadow  on  the  S.  being  in  the  Auroral  limestone. — (See  the 
Geological  Map  of  the  Mining  District  of  Chester  and  Montgomery  counties.) 

Approaching  the  E.  end  of  Mount  Sorrow,  or  the  N.  hill  near  Valley  Forge,  the 
boundary  extends  a  short  distance  to  the  W.  of  a  cross  road,  and  then  suddenly  swings  back  S. 
to  recross  that  road,  forming  as  it  were  a  loop.  It  now  sweeps  round  the  low  point  of  this  hill, 
and  takes  its  course  once  more  steadily  W.,  thus  forming  a  sigmoid  or  double  curve,  as  if  the 
hiU  had  jutted  into  the  estuary  of  the  red-sandstone  waters,  and  deflected  its  shore  line  to  make 
a  little  cove  or  bay  behind  it. 

Tracing  it  over  the  N.  flank  of  this  hill,  it  passes  to  the  N.  of  the  Port  Kennedy  and 
Valley  Forge  Road,  but  on  the  W.  descent  recrosses  this  twice,  the  second  time  at  the  foot 
of  the  hiU,  near  the  Valley  Forge  Dam.  From  the  W.  abutment  of  the  dam  the  line 
ascends  a  little  slope,  marking  the  junction  of  the  Primal  slates  and  red  shale,  parallel  with 
the  road  leading  Westward,  and  never  more  than  100  feet  from  it,  until  it  gains  the  general  level 
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of  the  country,  at  the  N.  foot  of  the  North  Valley  Eidge.  It  here  passes  about  250  feet  S.  of 
the  Valley  Forge  Hotel,  and  is  cut  by  the  bed  of  the  little  brook  W.  of  the  Baptist  Church, 
where  the  line  is  700  feet  S.  of  the  main  road.  This  point  of  intersection  of  the  stream  and  the  edge 
of  the  formation  is  an  interesting  spot,  for  it  is  just  here  that  the  Red  Sandstone  and  the  Primal 
slates  diverge,  and  the  gneiss  rocks  first  appear  at  the  surface,  parting  them  as  by  the  point  of 
a  wedge.  The  line,  now  taking  a  more  undulating  course,  sweeps  Westward  and  then  N.W.  over  the 
hill  dividing  the  little  brook  from  the  larger  one  of  Vanderslice's  machine-shop  ;  it  crosses  this 
latter  stream  a  little  below  the  factory,  and  then  swings  in  a  smilar  manner  to  the  S.  of  the  next 
knoll,  till  it  strikes  and  crosses  the  Main  Pickering  and  Valley  Forge  Road.  This  it  recrosses  a  few 
hundred  feet  farther  on,  or  just  AV.  of  the  abortive  mine-shaft  of  the  so-called  "  Napoleon  Mine 
thence  it  ranges  once  more  nearly  parallel  with  the  road  leading  towards  Pickering  Creek,  passing 
S.  of  Krause's  Corner  about  250  feet,  and  recediog  farther  from  the  road,  swings  just  S.  of 
W.  Miller's  farmhouse  by  the  margin  of  his  meadow.  Following  the  N.  edge  of  the  Meadow,  it 
runs  on  Westward  usually  within  100  feet  of  the  road,  nearly  touching  the  Friends'  Meeting- 
house, and  thus  forward  to  the  junction  of  the  Pickering  and  Paoli  Road,  with  Rapp's  by-road. 
From  this  point  we  trace  it  through  the  fields  to  Wheatley's  Gate,  detecting  it  by  the  same  chain 
of  low  summits  which  distinguish  the  outcrop  of  the  conglomerate  of  the  edge  of  the  formation 
farther  E.  From  Mr  Wheatley's  dwelling-house  it  may  be  pursued  by  the  base  of  the  knoll 
N.W.  of  his  garden,  and  by  the  N.  slope  of  the  hill  supporting  the  ofiice  of  the  Wheatley  Lead 
Mine.  Following  the  undulations  of  the  ground,  sweeping  always  Northward  down  the  trans- 
verse ravines  or  little  valleys,  in  obedience  to  the  denudation  on  the  outcrop,  and  swinging  South- 
ward round  the  higher-dividing  summits  and  local  water-sheds,  the  margin  passes  the  Chester 
County  Lead  Mine,  crosses  the  Brookdale  Brook,  and  reascends  Southward  to  nearly  touch  the 
stack  of  the  smelting-works.  Beyond  this  point  it  sweeps  S.  and  N.E.  through  the  fields  next 
N.  of  the  Montgomery  Lead  Mine,  and  touches  the  Pickering  Creek  Road  just  at  Kinsey's  mill. 
Here  the  outcrop  takes  another  convex  bend  S.  to  touch  the  hill  of  the  Charlestown  Mine  Shaft, 
and  to  range  thence  from  near  the  office  to  the  next  ravine,  along  the  W.  bank  of  which  it 
passes  to  the  Buckwalter  experimental  mine-opening.  Crossing  the  road,  it  next  goes  through 
the  N.W.  corner  of  J.  Davis's  field  N.W.  of  his  house.  The  edge  of  the  formation  is  encountered 
on  the  road  leading  N.E.  from  Charlestown,  at  about  half  a  mile  S.W.  of  the  Charlestown  jNIine 
Road. 

In  this  vicinity,  at  the  N.  edge  of  a  wood,  there  is  a  dyke  of  coarse  felspathic  granite  just  S. 
of  the  S.  margin  of  the  red  sandstone. 

Throughout  the  chief  part  of  its  distance  from  the  first  appearance  of  the  gneiss  near  the 
Baptist  Church  to  this  Charlestown  Road,  the  marginal  beds  of  the  red-sandstone  formation  are 
more  or  less  conglomeritic,  being  composed  of  pebbles  of  quartz  and  sandstone  of  all  degrees  of 
size  to  the  dimensions  of  hen's  eggs,  cemented  by  red  shale  or  clay :  this  conglomeritic  band  is  not, 
however,  strictly  continuous,  being  cut  away  by  denudation  for  some  stretches  of  a  few  hundred 
feet,  and  in  others  being  too  fine  in  its  pebbles  to  attract  attention  as  a  conglomerate,  or  by  its 
superior  hardness  to  make  any  impression  on  the  topography.  It  is  between  the  E.  commence- 
ment of  the  gneiss  and  the  Black  Horse  Road  at  Wheatley's  that  the  rock  is  developed  most 
distinctly,  but  especially  in  the  E.  part  of  this  space,  and  nowhere  so  conspicuously  as  be- 
tween the  Napoleon  Mine  and  the  Pennsylvania  Mine  Brook.    In  this  E.  part  of  the  belt 
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there  are,  in  fact,  two  coarse  massive  beds  of  the  conglomerate  outcropping  about  200  feet  apart, 
almost  identical  in  composition,  and  both  capping  a  series  of  little  summits  or  ridges.  The  lower 
of  these  forms,  in  fact,  the  little  flat  ridge  along  which  the  road  leading  by  the  Friends'  Meeting- 
house passes.  The  two  conglomerates  evidently  suggest  two  earthquake  concussions,  with  a 
pause  between  them,  early  in  the  formation  of  the  red-sandstone  deposits.  Their  materials  are 
manifestly  derived  from  the  adjoining  older  formations,  especially  from  the  Primal  sandstones  of 
the  ridge  just  South.  Much  material  of  the  adjacent  gneiss,  its  granite  veins  inclusive,  enters  into 
the  substance  of  all  these  lower  beds  of  the  red-shale  series.  It  does  not  appear  that  the  red- 
sandstone  formation  originally  extended  more  than  a  very  trivial  distance  S.  of  its  present  con- 
glomeritic  and  sandstone  margin,  for  no  wide  denudation  in  a  region  so  irregular  could  have 
shaved  oflF  the  whole  Southern  border  so  evenly  as  to  stop  over  so  long  a  line  just  at  the  base  of 
this  thin  conglomerate.  Undoubtedly  this  S.  edge  was  greatly  eroded  and  wasted  in  the 
district  farther  W.,  but  not  in  this  tract  from  Valley  Forge  Creek  to  the  neighbourhood  of 
Charlestown,  where  the  S.  barrier  of  hills  was  in  fact  too  adjacent  to  give  space  for  the  waters 
of  the  formation  to  spread  beyond  the  limits  it  there  occupies. 

Of  the  Red  Shale  and  Sandstone  in  York  and  Adams  Cowities. — Having  now  exhibited  in 
sufficient  detail  the  composition  of  this  formation  in  the  tracts  between  the  Delaware  and  Susque- 
hanna, I  proceed  to  sketch  its  features  in  the  portion  of  the  belt  which  is  embraced  between  the 
latter  river  and  the  Maryland  State  line.  The  character  of  this  portion  will  best  appear  by 
tracing  a  section  along  the  W.  bank  of  the  Susquehanna. 

Section  along  the  West  Side  of  the  Susquehanna. — In  the  neighbourhood  of  the  Susque- 
hanna, the  lowest  member  of  the  Mesozoic  group  is  a  calcareous  conglomerate,  consisting  of  large 
pebbles,  chiefly  of  the  Auroral  limestone,  cemented  by  a  little  calcareous  red  shale.  This  rock 
admits  of  an  excellent  polish,  and  has  been  wrought  to  a  smaU  extent  as  an  ornamental  marble. 
The  belt  crosses  the  river  near  the  village  of  Bainbridge.  On  the  W.  side  it  is  not  well  exposed. 
Overlying  this  rock  is  a  coarse  pebbly  silicious  conglomerate  80  or  100  feet  thick,  with  some 
bands  of  red  shale  interposed.  Above  the  conglomerate  we  find  red  shale  alternating  with  red 
and  grey  sandstone,  extending  in  very  imperfect  exposures,  along  the  river-bank.  It  is  chiefly 
of  a  grey  colour,  is  micaceous,  and  in  some  places  divides  into  very  thin  flat  layers.  Reposing 
on  this  rock  we  find  a  red  shale. 

At  York  Haven  appears  an  altered  rock  S.  of  a  trap  ridge  which  lies  immediately  above  the 
town.  The  trap-rocks  of  this  ridge  lie  in  large  fallen  masses  for  some  distance  along  the  river 
road  ;  they  are  rather  easily  broken,  and  yield  a  good  material  for  building  :  they  are  coarser 
and  more  crystalline  in  texture  than  those  from  the  small  dykes  farther  S.  W.  in  the  belt,  and  bear 
some  resemblance  to  a  sienite,  having  the  hornblende  and  augite  in  distinct  crystals. 

Next  above  the  trap  is  a  hard  altered  slate  or  shale,  which  extends  its  ledges  across  the  river, 
and  forms  the  rock  in  the  upper  part  of  the  "  Conewago  Falls."  Above  this  occur  fallen  masses 
of  trap  from  a  spur  of  the  ridge  at  York  Haven,  but  no  rock  is  seen  in  place  for  some  distance. 
Near  the  mouth  of  Fishing  Creek  we  have  a  red  sandstone,  which  extends  up  the  vaUey  of  the 
stream  ;  it  is  highly  valued  as  a  building-stone.  It  w^as  here  that  the  red  sandstone  for 
the  portico  of  the  State  Capitol  at  Harrisburg  was  obtained  ;  it  has  also  been  much  used  in 
the  construction  of  locks,  bridges,  &c.  on  the  public  works  along  the  Susquehanna.  Making  good 
furnace-hearths  where  charcoal  is  used,  it  has  been  taken  to  a  great  distance  for  the  purpose. 
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This  rock  is  very  abundant  over  a  considerable  part  of  the  valley  of  Fishing  Creek ;  but  the 
purer  sandstone  is  interstratified  with  much  red  shale  in  layers  of  varied  thickness. 

On  the  N.  of  Fishing  Creek  Valley  there  is  another  trap  ridge,  which  abuts  upon  the  river  a 
little  above  Etter's  Tavern.  Near  Etter's  we  perceive  the  influence  of  this  trap  on  the  shales  and 
sandstone.  Much  of  the  altered  sandstone  has  only  its  colour  changed  ;  but  some  of  the  altered 
shale,  and  an  altered  silicious  conglomerate,  contain  epidote  and  micaceous  oxide  of  iron.  The 
epidote  and  micaceous  oxide  of  iron  are  common  in  this  neighbourhood ;  indeed,  it  seems  to  be 
a  general  condition  both  here  and  in  other  districts,  that  where  the  influence  of  the  trap  has 
been  strongly  exerted  on  the  coarse  sandstones  and  conglomerate,  the  result  has  been  the  produc- 
tion of  epidote  and  micaceous  oxide  of  iron,  while  the  common  red  shale  has  been  changed  into  a 
very  tough  compact  bluish  or  purplish  rock,  varying  in  texture  and  colour  in  proportion  to  its 
contiguity  to  the  trap,  and  sometimes  containing  rounded  masses  or  small  veins  and  strips  of 
epidote. 

About  300  yards  above  Etter's  house  we  find  the  trap -rock  in  place  on  the  river-bank,  a 
little  below  which,  and  nearly  in  contact  with  it,  appears  the  altered  shale. 

The  trap-rock  is  exceedingly  uniform  in  texture,  not  differing  much  from  that  of  the  ridge 
below,  near  York  Haven. 

The  trap  ridge  above  Etter's  runs  parallel  with  and  near  the  river  for  about  4  miles,  for 
which  distance  no  rock  is  seen  in  place,  the  fallen  masses  covering  the  steep  slope  of  the  ridge  to 
the  very  margin  of  the  water.  Near  the  mouth  of  March  Creek  the  ridge  leaves  the  river-shore, 
and  stretches  away  N.W.  towards  Yellow  Breeches  Creek,  below  Lisburn.  About  the  mouth  of 
March  Creek  we  have  low  alluvial  ground  for  nearly  a  mile.  The  first  visible  rock  on  the 
river  above  the  trap  is  a  soft  red  sandstone ;  this  is  overlaid  by  red  shale,  which  in  its  upper 
portion,  near  its  contact  with  the  South-east-dipping  Matinal  limestone,  is  somewhat  calcareous,  and 
evidently  denotes  the  position  of  the  upper  calcareous  conglomerate.  The  conglomerate  in  its 
true  character  is  not  found  immediately  at  the  river,  but  it  is  abundantly  developed,  as  I  shall 
presently  show,  along  this  line  of  outcrop  farther  "Westward.  Immediately  N.  of  the  last- 
mentioned  calcareous  red  shale  we  meet  the  South-dipping  limestone  of  the  Cumberland  Valley  : 
this  is  about  1^  miles  below  the  mouth  of  Yellow  Breeches  Creek,  and  nearly  5  miles  below  the 
Harrisburg  Bridge.  About  9  miles  below  Harrisburg  there  is  an  island  in  the  river,  called  "  Hill 
Island,"  from  the  circumstance  of  its  having  at  its  head  a  bold  rocky  hill,  formed  by  a  part  ot 
the  trap  ridge  already  noticed  as  reaching  the  W.  shore  of  the  river,  a  httle  above 
Etter's.  S.  of  this  trap  we  find  the  same  range  of  altered  rock,  noticed  near  Etter's  house  as 
containing  epidote  and  micaceous  oxide  of  ii'on.  Some  specimens  were  found  on  the  island,  con- 
taining pisiform  concretions  of  epidote,  and  others  epidote  and  micaceous  oxide  of  iron. 

A  very  similar  range  of  altered  rock  is  found  S.  of  the  trap  ridge  which  reaches  the  river 
at  York  Haven. 

In  the  vicinity  of  the  Susquehanna,  and  for  15  or  20  miles  from  it,  much  red  sandstone  is 
mixed  with  the  red  shale  which  overlies  the  lower  conglomerate.  This  is  particularly  abundant 
in  the  neighbourhood  of  Strinestown,  S.  of  the  Conewago  Creek,  where  large  quantities  of  this 
rock  are  obtained  for  useful  purposes,  being  taken  to  the  river,  and  thence  boated  to  different 
places  for  bridges,  aqueduct  locks,  buildings,  furnace-hearths,  &c.    Some  of  it  is  coarse,  contain- 
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ing  numerous  pebbles,  wliile  the  other  strata  are  simple  sandstone  without  pebbles.  This  rock 
forms  the  Conewago  Hills  marked  on  the  State  Map  south  of  the  Conewago  Creek. 

The  N.  branch  of  the  Conewago  Creek,  opposite  to  and  below  Rosstown,  flows  chiefly  in  the  hard 
blue  altered  shale,  while  on  the  S.  side  w^e  generally  find  the  red  rocks  not  far  from  the  stream. 

About  3  miles  South-westward  from  Rosstown,  near  the  edge  of  the  trap  range,  are  some  old 
diggings  for  iron  ore,  now  long  neglected.  Some  specimens  were  picked  up  among  the  rubbish 
which  appeared  to  be  chiefly  a  dark  compact  protoxide  of  iron,  slightly  magnetic. 

The  red-shale  country  about  Berlin  and  Abbottstown  is  rather  fertile  and  well  cultivated  ;  but 
those  portions  of  the  red-shale  belt  S.  of  the  trap,  where  the  rocks  are  changed  to  a  dark  bluish 
or  purplish  colour,  have  usually  a  wet  heavy  soil,  and  are  not  so  much  esteemed  for  agricul- 
tural purposes.  Two  miles  N.  of  Berlin  we  come  to  the  altered  bluish  shale,  and  here,  on  a  farm 
belonging  to  Mr  Brown,  traces  of  carbonate  of  copper  are  seen  in  the  shale,  and  some  excavations 
were  made  for  the  ore  ten  or  twelve  years  ago,  w^hich  are  now  filled  up  and  neglected. 

"Westward  from  this,  and  about  half  a  mile  N.E.  from  Hampton,  near  the  junction  of  the  trap 
and  the  altered  shale,  there  is  what  is  called  an  old  " Silver  Mine"  where  some  ignorant  persons 
were  deluded  by  the  shining  appearance  of  a  micaceous  oxide  of  iron  into  digging  for  silver. 
Some  specimens  found  among  the  rubbish  are  considerably  magnetic,  and  indicate  that  they 
might  yield  iron,  if  found  in  sufficient  quantity. 

Eastward  and  N.E.  from  Petersburg  there  is  red  shale  ;  and  in  this  formation,  at  Gardner's,  half 
a  mile  E.  from  the  town,  is  a  stratum  of  limestone  in  rather  a  novel  position.  It  lies  in  the  S.  side 
of  a  little  hill  of  red  shale,  dipping  with  that  rock  gently  N.W.,  and  is  evidently  an  interposed 
stratum  in  the  shale,  which  may  be  seen  above  it,  while  the  slightly-altered  shale  of  the  little 
ridge  S.  of  it  must  of  course  pass  below  it.  The  rock  in  the  upper  j)art  of  the  stratum  is  rather 
loose,  and  the  large  interstices  (which  seem  to  be  the  efiect  of  natural  decomposition)  are  filled 
with  red  earth  washed  in  from  above ;  the  lower  portion  is  more  solid.  A  quarry  has  been 
partially  opened  here,  and  a  kiln  erected  near  it  for  burning  this  rock  into  lime  ;  but  at  the  time 
of  our  survey  it  was  not  in  operation.  About  10  feet  thickness  of  this  stratum  is  apparent  ;  but 
its  total  depth  is  unknown. 

The  conglomerate  seen  at  Robinett's  is  half  a  mile  E.  from  Gardner's  quarry ;  but  whether 
above  or  below  it,  or  whether  connected  with  it,  we  could  not  determine  :  the  conglomerate  is 
certainly  in  the  lowest  ground,  and  is  also  overlaid  by  red  shale. 

Another  limestone  is  found  from  1  to  1 1  miles  N.  of  Petersburg ;  but  this  evidently  belongs 
to  the  Auroral  formation. 


CHAPTER  11. 

LOWER  CALCAREOUS  CONGLOMERATE  WEST  OF  THE  SUSQUEHANNA. 

We  will  now  proceed  to  trace  the  range  of  the  Lower  Calcareous  Conglomerate,  forming  the 
S.  limit  of  the  red-shale  formation,  from  its  position  on  the  Susquehanna,  a  little  above  New 
Holland,  S.W.  to  the  Maryland  line.    It  has  been  already  said  that  it  folds  diagonally  across 
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the  little  limestone  belt  at  New  Holland,  until,  about  a  mile  from  the  river,  it  conceals  the  whole 
of  it,  and  reaches  the  range  of  silicious  slate  which  runs  W.  from  the  mouth  of  the  Codorus. 
This  slate,  like  the  limestone  belt,  is  gradually  covered  by  the  invading  red  shale,  until,  about  a 
mile  W.  of  the  York  and  Harrisburg  Turnpike,  it  also  disappears,  and  the  lower  portion  of  the  shale 
series  is  found  resting  upon  the  limestone  of  York  Valley.  It  may  be  proper  to  observe  that  the 
S.  border  of  this  red  shale,  or  "  Middle  Secondary"  region,  is  almost  invariably  marked  by  a  line  of 
gentle  elevation  above  the  country  at  its  base,  and  this  little  elevation  is  called  by  the  people  in 
that  region  the  "  Eed  Hill,"  and  in  the  country  N.  and  N.W.  of  it  the  "  Eed  Lands."  The  conglo- 
merate, when  present,  usually  lies  at  the  base  of  Red  Hill,  and  is  seldom  visible  except  when 
brought  to  the  day  by  some  ravine  or  artificial  cutting.  The  main  portion  of  Red  Hill  gene- 
rally consists  of  the  pebbly  silicious  conglomerate,  or  red  sandstone,  or,  if  neither  of  these  is 
visible,  of  red  shale. 

Near  Mr  William  Lerick's,  about  2^  miles  N.W.  from  York,  the  calcareous  conglomerate 
appears  in  a  cutting  of  the  Carlisle  Road,  on  the  side  of  Red  Hill.  Some  of  the  fragments  abound 
in  red  micaceous  oxide  of  iron.  The  same  calcareous  conglomerate  is  abundantly  exposed  in  the 
bank  near  Lerick's  distillery.  Ascending  a  small  stream  W.  of  this  spot,  we  meet  above  the 
conglomerate  with  a  locality  where  many  years  ago  excavations  were  made  for  coal,  and  it  is 
said  some  carbonaceous  matter  was  actually  found.  This  digging,  now  almost  obliterated,  seems 
to  have  been  made  in  a  dark  carbonaceous  slate.  Above  and  below  this  slate  there  occur  two 
thin  strata  of  limestone  very  similar  in  character,  the  upper  one  apparently  3  or  4  feet  thick,  and 
the  lower  one  having  only  its  upper  surface  exposed. 

From  this  point  at  Lerick's,  the  South-eastern  limit  of  the  formation,  ranging  in  a  South- 
westwardly  course,  encroaches  on  the  limestone  range  S.  of  it  ;  crosses  the  York  and  Gettysburg 
Turnpike  a  little  E.  of  King's  Tavern,  9  miles  from  York  ;  passes  half  a  mile  S.  of  King's,  and 
meets  the  N.  base  of  the  Pigeon  Hills,  having  entirely  covered  the  branch  of  the  limestone  of 
York  Valley,  which  passes  on  the  N.  side  of  these  hills.  Ranging  Westward  along  the  foot  of  the 
Pigeon  Hills,  it  exposes  the  pebbly  silicious  conglomerate  resting  on  the  slate  of  the  hills,  and  in 
some  places  extending  a  short  distance  up  theu-  N.  slope.  This  pebbly  conglomerate  is 
finely  exhibited  near  the  road  from  Hanover  to  Abbottstown,  about  a  mile  from  the  latter  place, 
but  the  calcareous  conglomerate  has  not  been  observed  along  the  N.  side  of  the  Pigeon  Hills. 

Passing  by  the  W.  termination  of  the  Pigeon  Hills,  the  lower  margin  of  the  formation 
rests  again  on  limestone  100  or  150  feet  N.  of  Adam  Myer's  lime  quarries,  near  the  Hanover  and 
(•arlisle  Turnpike,  4  miles  from  Hanover.  Thence  passing  near  the  Catholic  Chapel,  on  Little 
Conewago,  it  bends  rather  more  to  the  S.,  and  ranges  within  a  mile  of  Littlestown  (Petersburg), 
reaching  the  Maryland  line  on  the  "  Barren  Slates,"  near  Arnold's  miD,  having  thus  passed  diago- 
nally across  the  whole  Southern  belt  of  limestone.  The  calcareous  conglomerate  occurs  in  an 
altered  condition  near  a  small  trap-dyke,  1  mile  N.  of  Littlestown,  at  the  base  of  the  "  Red  Hill." 
It  seems  to  consist  of  pebbles  of  white  limestone,  imbedded  in  a  dark  slaty  paste.  The  most 
Southerly  exposure  of  limestone  is  in  a  field  1  mile  N.  of  the  State  line,  and  1^-  miles  from 
Littlestown  :  it  seems  to  be  a  variety  of  the  conglomerate. 


CHAPTER  III. 


UPPER  CALCAEEOUS  CONGLOMERATE. 

It  lias  been  already  intimated  that  the  Upper  Calcareous  Conglomerate  does  not  form  a  con- 
tinuous belt,  but  a  succession  of  narrow  insulated  patches  of 
no  great  length,  at  the  S.  base  of  the  South  Mountains ;  the 
longest  of  these  is  in  York  County. 

The  most  Eastern  mass  of  this  formation  is  at  Monroe,  on      K'''"       x.^x^\.t>.^- v 

the  Delaware  Eiver,  where  it  constitutes  a  bold  hill,  and  abuts  «\>r^^''' 

.... 
with  a  N.W.  dip  against  highly-inclined  and  contorted  beds 

of  the  Matinal  limestone  and  gneiss.    Fig.  5G7  iUustrates  the  ^%lvJi^r^<l!^r^uroe!^ 
attitudes  of  the  strata  at  their  place  of  meeting. 

This  belt,  which  is  likewise  visible,  though  less  conspicuous,  on  the  New  Jersey  side  of  the 
river,  extends  W.  not  farther  probably  than  1  mile,  for  no  trace  of  it  can  be  detected  on  the  Old 
Philadelphia  Eoad,  about  2  miles  from  the  river. 

Another  small  belt  crosses  Durham  Creek  a  little  S.  of  Springtown,  and  ranges  W.  as  far  as 
the  W.  branch  of  that  stream.  Between  this  locality  and  the  S.  Branch  of  Saucon  Creek  there 
extends  another  outcrop  of  the  conglomerate,  here  concealed  in  many  places  by  the  super- 
ficial diluvial  matter  of  the  adjacent  hills.  We  again  meet  with  it  on  the  Hosasock  Creek,  but 
at  this  spot  the  rock  consists  chiefly  of  silicious  and  gneissic  pebbles.  Entering  Berks  County, 
a  small  tract  of  it  is  seen  near  the  main  branch  of  Perkiomen  Creek,  crossing  the  road  from  Metz- 
town  to  Sumanytown.  Here  it  has  been  quarried  for  the  purpose  of  conversion  into  lime  ;  it  is 
composed  almost  exclusively  of  angular  or  very  slightly  rounded  fragments  of  limestone,  and 
might,  upon  a  careless  inspection,  be  mistaken  for  a  brecciated  form  of  the  Auroral  Limestone. 
The  calcareous  conglomerate,  cemented  by  the  material  of  the  red  shale,  next  shows  itself  on 
the  Manatawny  Creek.  Following  the  margin  of  the  red-shale  formation  to  its  intersection  with 
Limekiln  Creek,  a  small  tributary  of  the  Monokesy,  we  encounter  another  local  patch  of  the 
same  rock.  Another  much  larger  and  wider  belt  of  it  commences  E.  of  the  Perkiomen  Turn- 
pike,  about  3  miles  E.  of  Reading,  and  curving  S.  and  then  W.  round  the  base  of  Neversink 
Mountain,  crosses  the  double  loop  of  the  Schuylkill  River  about  2  miles  S.  of  that  town.  The 
roadway  of  the  Reading  Railroad  exposes  in  fresh  excavations  the  strata  of  this  interesting  rock, 
and  there  is  perhaps  no  locality  in  the  State  where  it  may  be  more  easily  studied  than  in  the 
belt  now  referred  to. 

The  accompanying  cut  pictures  an  exposure  on  the  side  of  the  Reading  Railroad,  near  the  S. 
base  of  Neversink  Mountain,  which  shows  the  Mesozoic  conglomerate  lodged  in  a  cleft  of  the 
steeply-upturned  strata  of  the  Old  Auroral  limestone,  from  the  wreck  of  which,  and  the  Primal 
sandstone  of  the  mountain,  the  pebbly  matter  is  chiefly  derived.  It  illustrates  well  the  action 
of  the  turbulent  waters,  which  appears  first  to  have  scoured  sharply  the  limestone  floor  of  the 
formation,  eroding  it  into  deep  gutters  by  removing  the  softer  or  most  crushed  layers,  and  then 
to  have  cast  in  without  stratifying  the  promiscuous  mass  of  loose  materials  which  they  were 
dragging  with  them  at  the  foot  of  the  hills, 
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Between  the  Schuylkill  and  the  Susquehanna  there  are  few  or  no  tracts  of  this  upper  cal- 
careous conglomerate,  a  fact  readily  explained  by  adverting  to 
the  marked  difference  between  the  topography  of  the  N.  border 
of  this  portion  of  the  Mesozoic  basin,  where  the  chain  of  the 
South  Mountains  is  interrupted,  and  the  other  parts  of  the  belt 
where  this  barrier  was  everywhere  present  ^^^th  its  steep  slopes 
to  supply  the  coarse  pebbly  materials.  This  will  be  made  more 
intelligible  in  a  future  part  of  this  Chapter,  where  I  shall  offer 
'  some  views  respecting  the  physical  circumstances  which  accom- 
panied the  formation  of  the  Mesozoic  deposits. 

Passing  the  W.  side  of  the  Susquehanna,  we  meet  with  the 
upper  calcareous  conglomerate,  constituting  a  much  more  con- 
tinuous belt  than  exists  between  the  Delaware  and  Schuylkill 
rivers.  It  ranges  with  but  little  interruption  along  the  N.W. 
border  of  the  red  shale,  crossing  Cumberland,  York,  and  Adams 
counties  along  the  base  of  the  South  Mountains,  the  whole 
distance  to  Maryland,  or,  more  correctly,  into  Virginia. 


Fig.  568. — A  Chasm  in  the  Auroral  Limestone, 
S.  foot  of  Neversink  Mountain,  Reading,  filled 
with  Upper  Mesozoic  Conglomerate. 


UPPEE  CALCAEEOUS  CONGLOMEEATE  SOUTH-WEST  OF  THE  SUSQUEHANNA. 

The  upper  conglomerate  forms,  as  already  stated,  the  N.  boundary  of  the  red-shale  forma- 
tion from  the  Susquehanna,  along  the  S.  base  of  the  South  Mountain  to  the  Maryland  line  a 
little  West  of  Emmettsburg. 

It  occurs  on  the  Susquehanna,  where  it  is  very  imperfectly  exposed  about  1^  miles  beloAv 
the  mouth  of  Yellow  Breeches  Creek.  From  this  point  it  ranges  nearly  W.  along  the  N.  side  of 
the  Northern  Trap  Ridge,  above  Etter's,  and  crosses  the  Yellow  Breeches  Creek  into  Cimiberland 
County,  near  Grove's  fulling-mill,  about  2  miles  N.  from  Lisburn. 

About  a  mile  N.  from  Grove's  fulling-mill  the  belt  of  conglomerate  is  intersected  by  a  ridge  of 
trap  which  crosses  into  Cumberland  County.  Here  is  a  singularly-shaped  elliptical  mound,  about 
200  yards  long,  and  50  feet  high,  and  remarkably  narrow  at  the  summit.  This  hill  contains 
a  rock  which  is  evidently  an  altered  calcareous  conglomerate. 

Near  Grove's  fuUing-mill,  and  along  the  banks  of  the  creek  towards  Lisburn,  the  conglo- 
merate is  seen  exposed  in  very  massive  beds,  but  is  considerably  more  impure,  that  is  to  say, 
less  calcareous,  aud  more  silicious  than  farther  down  the  creek.  Opposite  Lisburn,  on  the  York 
County  side,  it  is  exposed  in  enormous  beds,  which  are,  however,  much  interstratified  with  red 
sandstone  and  shale.  It  is  also  seen  below  Lisburn  on  the  Cumberland  side,  in  the  neighbour- 
hood of  the  forge,  where,  with  its  alternating  strata  of  red  shale  aud  sandstone,  it  cannot  be  less 
than  several  hundred  feet  thick.  Some  of  the  imbedded  pebbles  here  are  as  large  as  a  man's 
head,  or  even  much  larger,  making  a  rock  ofsuch  coarse  structure  that  cabinet  specimens  cannot 
well  be  selected.  These  imbedded  masses  are  generally  of  various-coloured  limestones,  with  some 
grey  and  reddish  quartzose  rock,  or  very  compact  sandstone,  and  some  white  igneous  quartz. 

The  N.  and  N.W.  limit  of  the  red  shale,  on  the  Cumberland  side  of  Yellow  Breeches  Creek,  is 
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about  2  miles  from  Lisburn,  where  it  stretches  S.W.  to  the  creek  S.  of  Bry son's,  and  a  little 
below  Grove's  flour-mill.  The  conglomerate  is  seen  E.  of  Bryson's,  2^  miles  W.  from  Lisburn  ; 
it  again  appears  on  the  bank  of  the  creek  near  Cockhn's  mill,  above  Grove's ;  and  S.W.  from 
this  towards  Dillsburg,  we  frequently  see  loose  in  the  soil  the  large  rounded  limestone  pebbles 
which  have  come  from  the  decomposition  of  this  rock. 

This  is  also  the  case  immediately  above  Dillsburg,  and  on  the  W.  and  N.W.  of  the  town  the 
rock  appears  in  place.  Near  Prosser's  mill  it  is  altered  to  almost  a  white  colour  by  the  influence 
of  a  dyke  of  trap-rock,  which  is  abundant  about  Dillsburg. 

About  a  quarter  of  a  mile  N.  of  Dillsburg,  in  a  meadow  on  the  farm  of  Mr  Weltz,  there  is  a 
deposit  of  white  clayey  marl  formed  from  the  decomposition  of  this  rock.  It  is  covered  with  a 
foot  or  more  of  dark  vegetable  soil.  This  white  calcareous  mud  would  seem  to  be  well  worthy 
of  trial  as  a  manure. 

The  altered  conglomerate  is  seen  in  many  places  in  the  immediate  vicinity  of  Dillsburg, 
frequently  on  the  sides  of,  and  between,  the  httle  trap  hills  ;  it  is  generally  of  a  whitish  colour, 
with  a  more  or  less  crystalline  texture. 

The  E.  termination  of  the  South  Mountain  is  near  Dillsburg  :  there  are  here  two  ridges,  the 
more  S.  one  terminating  a  mile  or  more  S.W.  from  the  town,  and  the  N.  one,  about  1^;  miles 
W.  from  the  town.  The  calcareous  conglomerate  is  distinctly  exposed  along  a  deep  ravine  worn 
by  a  Httle  mountain-stream,  which  sinks  into  a  fissure  in  this  rock,  and  totally  disappears.  At 
this  place  the  clifis  are  30  or  40  feet  high,  and  the  rock  very  coarse,  consisting  chiefly  of  round 
or  flattish  kidney-shaped  lumps  of  several  varieties  of  limestone  (some  weighing  perhaps  50 
pounds)  imbedded  in  a  coarse  reddish  cement. 

On  the  farm  of  Mr  Koontz,  near  the  foot  of  the  S.  ridge  of  South  Mountain  (about  6  miles 
N.E.  from  Petersburg),  loose  pieces  of  limestone  are  abundant  in  the  fields,  and  some  excavations 
have  been  made  in  a  bank  disclosing  many  of  these  loose  masses.  No  rock  is  visible  in  place  in 
this  vicinity. 

At  Buckholder's,  nearly  a  mile  farther  S.W.,  and  near  the  foot  of  the  sandstone  ridge  of  the 
mountain,  there  is  an  exposure  in  the  steep  bank  of  a  small  stream,  where  the  rock  is  exceedingly 
coarse,  consisting  of  loose  rounded  masses  of  limestone  of  difierent  kinds  and  colours,  with  nearly 
an  equal  mixture  of  sandstone  and  quartzose  pebbles  cemented  by  a  red-shale  paste. 

From  this  point  S.W.  to  within  a  mile  of  Petersburg  no  rock  is  seen  in  place ;  but  the 
innumerable  pebbles  of  reddish  and  grey  very  compact  sandstone  and  quartz  in  the  soil  of  the 
little  hills  along  the  S.  side  of  the  mountain,  seem  to  have  come  from  the  conglomerate,  which  is 
here  losing  its  calcareous  character.  At  Eobinett's,  about  a  mile  E.  from  Petersburg,  there  is  a 
small  exposure  in  a  meadow-bank  of  a  conglomeritic  limestone,  which  wants,  however,  the  red 
colour  so  characteristic  of  the  calcareous  conglomerate.  This  is  in  the  immediate  vicinity  of  two 
other  bands  of  limestone,  of  which  we  shall  have  occasion  to  speak  hereafter. 

At  Feazier's,  1  mile  N.W.  from  Petersburg,  we  find  the  rock  only  slightly  calcareous,  and  of 
a  grey  colour.  It  is  here  quarried  for  a  building-stone.  A  long  belt  ranges  S.W.  from  this  spot, 
in  which,  however,  it  does  not  appear  in  place ;  the  hills  abound  in  rounded  pebbles  similar  to 
those  of  the  rock. 

We  next  meet  with  the  conglomerate  in  place  at  John  G.  Minter's,  2  miles  N.N.W.  from 
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Mummasburg,  where  it  has  been  quarried  in  the  hope  of  burning  it  into  lime  (much  in  request 
in  this  neighbourhood),  but  it  appears  to  be  too  silicious,  and  to  contain  too  little  lime. 

At  ShulFs,  on  the  North  Branch  of  Marsh  Creek,  near  the  foot  of  the  mountain,  three-fourths 
of  a  mile  N.E.  from  the  Gettysburg  and  Chambersburg  Turnpike,  at  Cashtown,  the  conglomerate 
is  exposed  on  both  sides  of  the  stream.  It  is  seen  to  be  15  or  20  feet  thick,  and  is  very  similar 
to  that  at  Minter's.  Above  this  in  an  orchard,  and  in  the  fields  nearer  the  mountain,  are  loose 
fragments  of  from  20  to  50  pounds  weight  of  a  limestone  which  has  possibly  come  from  large 
masses  in  tlie  conglomerate,  though  it  seems  to  have  a  different  character,  and  may  more  pro- 
bably have  come  from  some  hidden  outcrop  of  the  Auroral  limestone,  which,  there  is  reason 
to  suspect,  occurs  in  several  places  along  the  S.  side  of  the  mountain,  where  it  is  not  covered  by 
the  Mesozoic  deposits. 

Crossing  the  Grettysburg  and  Chambersburg  Turnpike  near  Cashtown,  and  still  keeping  near 
the  foot  of  the  mountain,  we  find  the  conglomerate  near  Fairfield  (commonly  called  Millerstown), 
consisting  almost  entirely  of  limestone  pebbles.  At  Gilbaugh's,  1  mile  E.  from  Fairfield,  it  is  in 
immediate  contiguity  with  a  dyke  of  trap-rock,  and  is  altered  to  a  crystalline  limestone.  About 
a  quarter  of  a  mile  farther  N.E.,  a  greenish  shale  apparently  overlies  it,  and  dips  about  1 8°  N. 
Three-fourths  of  a  mile  S.W.  from  this  point,  on  the  N.  end  of  the  hill  S.E.  from  Fairfield, 
there  is  an  altered  white  conglomerate  containing  large  pebbles  ;  it  lies  at  an  elevation  of  60 
feet  above  the  level  of  the  valley  at  Fairfield,  where  the  red  conglomerate  is  found  unaltered  ; 
but  it  is  nearer  the  trap.  At  both  of  these  last  localities  the  rock  has  been  quarried  for  lime- 
stone. 

The  pretty  village  of  Fairfield  is  situated  in  a  very  level  tract  of  land  between  the  trap  ridges 
on  the  E.  and  S.E.,  and  South  Mountain  on  the  N.W.  and  W.  Throughout  much  of  this  valley 
the  conglomerate  prevails,  and  is  generally  of  a  superior  kind,  equalling  perhaps  the  "  Potomac 
Marble  "  of  Maryland.  It  also  appears  on  Tom's  Creek,  South  from  Fairfield,  on  the  road  to 
Emmettsburg.  This  rock  finally  passes  between  the  trap  hiUs  to  the  E.  of  M'^Devitt's  mill,  and 
the  spiu'S  of  the  South  Mountain,  across  the  Maryland  line  a  little  W.  of  Emmettsburg,  though 
the  valley  is  here  so  narrow  that  it  is  seldom  exposed,  and  much  of  it  has  been  removed  by 
denudation. 


CHAPTER  lY. 

TRAP  DYKES  OF  THE  MESOZOIC  BELT,  AND  ALTERATIONS  PRODUCED  IN  THE 

STRATA  IN  CONTACT  WITH  THEM. 

As  a  detailed  specification  and  description  of  all  the  trappean  outbursts  of  the  Mesozoic  red- 
sandstone  belt  would  involve  much  needless  repetition,  and  serve  only  to  fatigue  the  reader,  I 
shall  restrict  myself  to  an  enumeration  of  the  more  prominently  interesting  ones,  and  refer  the 
student  to  the  Geological  Map  for  further  information  respecting  the  localities,  courses,  and 
relative  magnitude  of  the  various  dykes. 

Beginning  at  the  Delaware  and  proceeding  Westward,  the  first  conspicuous  masses  of  trap 
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which  we  encounter  are  the  three  large  dykes  which  approach  the  river  below  New  Hope.  These 
are  nearly  in  a  line  with  the  outbursts  of  trap  visible  on  the  New  Jersey  side  of  the  Delaware, 
and  known  as  Smith's  Hill,  Belle  Monte,  and  Goat  Hill.  The  most  Southern  dyke  is  a  long  and 
narrow  one,  extending  from  near  the  little  village  of  Pineville  to  within  a  mile  of  the  river ;  the 
second  is  the  bolder  outburst  of  Bowman's  Hill,  and  the  third  the  still  larger  mass  of  Lackawissa 
Hill,  these  two  last  terminating  near  the  river.  The  last-named  ridge,  the  extension  of  Goat 
Hill  of  New  Jersey,  is  connected  with  some  extremely  interesting  phenomena  of  alteration  and 
segregation  in  the  adjacent  strata  on  both  sides  of  the  river.  Perhaps  none  of  our  trappean 
dykes  disclose  these  effects  so  well.  The  following  description  of  these  metamorphic  features  is 
taken  from  my  general  account  of  the  Geology  of  the  State  of  New  Jersey.*  The  rock  consti- 
tuting this  great  dyke  is  for  the  most  part,  especially  in  the  central  portions  of  the  dyke,  coarsely 
granular,  being  composed  of  large  crystals  of  a  yellowish-white  felspar,  traversed  by  elongated 
tabular  crystals  of  green  hornblende  of  considerable  size.  It  bears  no  remote  resemblance  to 
some  varieties  of  sienite. 

"  Along  the  N.W.  base  of  this  ridge,  on  both  sides  of  the  river,  the  strata  dip  as  usual,  but 
are  affected  in  a  striking  manner  in  their  structure  and  composition  for  at  least  a  fourth  of  a 
mile  from  the  trap.  In  the  quarry  N.E.  of  Lambertsville  we  discover  the  commencement  of 
the  change.  There  the  red  sandstone,  varying  but  little  from  its  ordinary  colour,  and  being- 
only  rather  more  compact,  contains  a  multitude  of  large  spheroidal  nodules  of  pure  green 
epidote,  many  of  which  are  at  least  an  inch  in  diameter.  They  seem  not  to  be  distributed  pro- 
miscuously through  the  rock,  but  to  be  arranged  somewhat  in  layers  parallel  to  the  planes  of 
the  strata,  though  they  are  often  several  inches  asunder.  Two  or  three  hundred  feet  nearer  to 
the  trap,  we  find  the  rock  darker  and  harder,  and  the  number  of  nodules  greatly  augmented, 
though  they  are  generally  of  much  smaller  size.  The  common  colour  of  the  rock  is  here  a  very 
dull  purplish  blue,  and  that  of  the  included  nodules  a  dull  black  or  a  deep  blue.  They  are  of 
all  sizes,  from  minute  specks  to  the  dimensions  of  a  large  hazel-nut,  and  possess  every  shade  of 
distinctness  contrasted  with  the  material  enclosing  them.  They  seem  to  consist  of  some  imper- 
fectly-formed mineral,  apparently  tourmaline  in  a  semi-crystalline  state.  These  spherical  nodules 
or  specks  are  oftentimes  surrounded  by  a  crust  or  coating  of  another  material,  usually  nearly 
white ;  and  I  have  remarked  that  the  more  obviously  formed  this  crust  appears,  the  more 
crystalline  or  fully  developed  is  the  interior  kernel,  which  at  this  spot  seems  to  approximate  in 
its  features  to  black  schorl  or  tourmaline.  A  few  hundred  feet  nearer  to  the  trap,  or  almost  at 
its  base,  the  rock  presents  a  still  different  aspect,  being  of  a  dark-grey  hue,  and  somewhat  coarse- 
grained. It  seems  to  have  been  a  sandstone,  containing  little  or  no  clay,  as  it  has  nothing  at  all 
of  the  baked  jaspery  texture  of  that  previously  described,  which  has  plainly  been  either  a  shale 
or  a  very  argillaceous  sandstone.  This  grey  rock  is  speckled  with  innumerable  small  crystals  of 
very  regularly  formed  tourmalines,  some  of  which  are  more  than  half  an  inch  in  diameter. 
Upon  the  opposite  side  of  the  river,  below  New  Hope,  we  meet  with  very  nearly  the  same  order 
of  things,  except  that  the  rock  containing  the  completely-formed  tourmalines  is  absent. 

"  In  one  thin  layer  of  the  altered  red  argillaceous  rock  on  the  Pennsylvania  side,  the  mass, 
which  is  of  a  pink  hue,  contains,  blended  with  the  crystallised  epidote,  some  minute  but  perfectly- 
formed  crystals  of  a  mineral,  apparently  idocrase,  of  a  beautiful  wine-colour." 

*  See  Final  Report  on  the  Geological  Survet/  of  New  Jerseij,  by  H.  D.  Rogees. 
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686  TRAP  DYKES,  AND  THEIR  EFFECTS  ON  THE  STRATA. 

The  altered  belt  here  described  ranges  North-eastward  from  the  river  several  mUes,  and  has  1 
an  average  width  in  New  Jersey  of  perhaps  a  quarter  of  a  mile.  ' 

In  Tinicum  and  Nockamixon  townships  there  is  an  extensive  tract  towards  the  N.W.  side  of 
the  Mesozoic  red  shale,  where  this  formation  is  much  altered  in  texture  and  colour  by  the  presence  . 
of  a  great  body  of  trappean  injections.    The  baked  and  indurated  condition  of  the  rocks  has  | 
destroyed  the  capacity  usually  possessed  by  the  red  shales  and  sandstones  to  disintegrate  into  a  ; 
fertile  soil,  and  the  surface  of  this  and  all  the  similar  tracts  throughout  the  belt  is  characterised 
by  cold,  wet,  and  unproductive  land.    This  district,  which  is  several  miles  in  breadth,  is  known  ' 
on  both  sides  of  the  Delaware  under  the  name  of  the  Swamp,  from  the  undrained  condition  ' 
of  the  soil.    It  has  a  general  elevation  above  the  river  of  between  300  and  400  feet,  is  an 
undulating  and  irregular  table-land  several  miles  in  width,  and  extends  across  nearly  all  the 
N.W.  side  of  Bucks  County.    While  the  metamorphic  aspect  of  the  strata  is  a  sufficient  demon-  j 
stration  of  the  near  proximity  of  much  igneous  rock,  only  a  comparatively  small  portion  of  the  ; 
surface  consists  of  actual  trap-rock ;  and  where  this  material  does  show  itself,  it  is  only  occasionally  j 
in  long  and  elevated  dykes,  being  oftener  in  insulated  outbursts.    One  of  these  latter  effusions  | 
of  the  trap  is  to  be  seen  in  the  bold  elliptical  ridge  called  Haycock  HOI,  the  crest  of  which  is 
transverse  to  the  more  common  direction  of  the  dykes,  ranging  from  S.E.  to  N.W. 

A  dyke  of  trap-rock  is  visible  on  both  sides  of  the  Delaware  near  Lawry's  Island,  but  some  ! 
of  the  injections  here  seen  lose  themselves  in  the  cliffs,  and  do  not  appear  upon  the  elevated 
surface  of  the  swamp  back  from  the  river. 

A  careful  examination  of  the  natural  section  exposed  at  the  river  will  satisfy  the  observer 
that  the  instances  of  this  kind  are  not  unfrequent.  It  is  easy,  therefore,  to  understand  why  the 
strata  of  this  whole  tract  of  the  Nockamixon  Swamp  should  display  such  marks  of  excessive  '. 
heat,  for  we  are  authorised  not  only  to  assume  the  presence  of  much  unseen  subterranean  igneous 
matter,  but  to  conceive  that,  during  the  rending  of  the  crust  and  intrusion  of  the  molten  trap, 
much  intensely-heated  volcanic  vapour  passed  up  through  the  innumerable  fissures  of  the  dis- 
tended and  dislocated  shale. 

Approaching  the  Schuylkill,  we  meet  with  a  few  short  and  narrow  dykes  of  trap-rock,  but, 
with  the  exception  of  the  tracts  above  referred  to,  the  wide  area  of  Mesozoic  rocks  embraced 
between  this  river  and  the  Delaware  is  penetrated  by  scarcely  any  of  these  injections.  Two  or 
three  small  dykes  occur  E.  and  S.E.  of  Pottsgrove  and  the  Monokesy  Hill,  within  sight  of  the 
turnpike  road  ;  and  about  6  miles  N.W.  of  that  town  is  a  rather  copious  outburst  of  this  material.  ' 
South  of  this  section  of  the  Schuylkill,  between  Pottsgrove  and  Reading,  the  red-shale  region 
includes  quite  a  number  of  short  dykes,  some  of  those  nearer  the  river  forming  the  summits  of 
the  bold  conical  hills  seen  from  the  river-valley.  As  all  the  more  conspicuous  localities  are 
given  in  the  Geological  Map,  more  special  references  to  the  positions  of  these  seem  to  be 
unnecessary. 

At  the  mouth  of  Flying  Hill  Run,  on  the  Schuylkill,  one  of-  these  dykes,  consisting  of  very 
coarsely-crystallised  trap,  has  altered  the  red  shale  on  the  S.E.  of  it,  and  the  Primal  sandstone 
in  contact  with  it  on  its  N.W.  side  :  these  instances  of  alteration  in  the  rock  are  very  common.  j 

One  of  the  most  interesting  facts  connected  with  certaiu  of  the  trap  dykes  of  the  district 
between  the  Schuylkill  and  the  Susquehanna,  is  their  proximity  to  extensive  beds  of  a  semi- 
magnetic,  semi-hsematitic  iron-ore. 
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Thus  in  the  neighbourhood  of  Warwick  Iron-mine,  6^  miles  E.  from  Morgantown,  there  are 
two  or  three  dykes,  the  rock  being  very  close-grained. 

Another  instance  is  at  Jones's  Mine,  2  miles  from  Morgantown,  where  the  deposit  of  iron-ore, 
on  the  margin  of  the  red  shale  and  Matinal  limestone,  is  in  close  proximity  to  a  regular  dyke. 
But  the  most  striking  example  of  this  association  of  the  trap  and  iron  ore  is  at  the  great  Cornwall 
Mine,  5  miles  S.  of  Lebanon  :  this  is  situated  a  little  within  the  margin  of  the  red  shale,  in  the 
line  of  dykes  extending  E.  from  Colebrook,  The  ore,  which  occurs  here  in  extraordinary  abun- 
dance, and  in  a  position  uncommonly  accessible,  is  embraced  between  two  parallel  walls  of  trap, 
where,  protected  from  the  action  of  denuding  waters,  it  occupies  the  crest  of  two  or  three  high 
hills.  The  presence  of  so  much  trap-rock  in  all  the  more  conspicuous  iron-mines  of  the  Mesozoic 
formation,  and  the  occurrence  in  each  of  them  of  more  or  less  carbonate  and  sulphuret  of  copper, 
so  usually  associated  with  the  trap,  and  so  indicative  of  igneous  sublimation,  all  seem  to  imply 
some  mode  of  origin  for  these  large  deposits  of  oxide  of  iron  in  which  igneous  or  volcanic  agency 
has  played  a  part. 

Between  Colebrook  and  the  Susquehanna  River  there  ranges  the  most  extensive  of  all  the 
belts  of  trap-rock  of  the  red-shale  region.  The  principal  dyke  forms  a  rugged  undulating  ridge 
known  as  the  Conewago  Hills.  Its  course  from  Colebrook  to  Falmouth,  where  it  crosses  the 
river,  is  nearly  from  N.E.  to  S.W.,  and  is  therefore  not  strictly  coincident  with  the  strike  of  the 
ancient  Auroral  strata,  or  floor  of  the  red-shale  basin.  In  this,  as  in  many  other  instances,  there- 
fore, the  fused  materials  were  poured  out  through  an  actual  rent  obliquely  transverse  to  the 
strata,  and  did  not  rise  along  the  plane  of  their  beds,  or  even  along  an  anticlinal  or  synclinal  line. 
The  beds  of  red  shale  in  contact  with  this  dyke  are  greatly  changed  in  colour,  texture,  and 
crystallisation,  the  total  mass,  as  we  approach  the  trap,  being  very  hard,  and  graduating  from 
purple  to  dark  blue  and  greenish  black,  and  acquiring  more  and  more  distinctly  developed 
segregations  of  crystalline  green  epidote. 

Northward  a  few  miles  from  the  Conewago  trap  appear  two  other  conspicuous  but  shorter 
dykes  :  one  of  these  forms  the  beautiful  conical  hill  called  Round  Top,  the  other  passes  by 
Rocktown  towards  the  river.  The  first  of  these  has  developed  crystals  of  plumbago  in  the 
calcareous  conglomerate  in  contact  with  it,  while  that  of  Rocktown  is  connected  with  alterations 
in  the  adjacent  red  shales,  precisely  analogous  to  those  induced  by  the  Conewago  outburst. 

Hill  Island,  in  the  Susquehanna  near  Middletown,  consists  almost  wholly  of  trap-rock,  and  is 
nearly  in  the  prolongation  of  the  Rocktown  dyke. 

A  long  and  slender  dyke  ranges  from  a  point  about  one  mile  S.  of  Elizabethtown,  in  a  S.S.W. 
direction  to  the  river,  parallel  with  the  general  course  of  Conay  Creek.  Its  N.  half  is  in  the  red 
shale,  while  its  S.  intersects  the  Auroral  limestone  E.  of  Bainbridge.  This  dyke  crosses  the 
channel  of  the  Susquehanna,  and  is  seen  in  a  little  island  below  the  small  village  of  New  Holland. 
Whether  the  narrow  dyke  occupying  the  crest  of  the  ridge  penetrated  by  the  tunnel  of  the 
Lancaster  and  Harrisburg  Railroad  is  a  portion  of  this  outburst,  or  an  independent  injection,  is 
a  point  we  did  not  satisfactorily  determine. 

TRAP  DYKES  WEST  OF  THE  SUSQUEHANNA. 

Entering  now  the  third  division  of  the  Mesozoic  basin,  the  first  trap-dyke  W.  of  the  Sus- 
quehanna appears  upon  the  shore  a  little  above  York  Haven.    It  forms  a  ridge  which  ranges. 
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nearly  N.W.,  passing  Newberry  and  to  the  E.  of  Lewisbiirg  to  its  termination,  in  a  point  near 
Yellow  Breeches  Creek  2  miles  N.E.  of  Lisburn.  Here  it  seems  to  unite  with  another  nearly 
parallel  and  conspicuous  line  of  trap-rock,  coming  from  Hill  Island  and  the  shore  of  the  river 
opposite,  and  which,  after  following  the  W.  side  of  the  river  for  nearly  4  miles,  sweeps 
gradually  Westward,  and  joins  this  first  or  Southern  dyke.  These  two  bold  ranges  of  trap-rock 
enclose  the  little  red-shale  valley  of  Fishing  Creek. 

The  altered  shales  and  sandstones  along  the  trap  ridges  contain  epidote  and  micaceous  oxide 
of  iron,  and  the  sandstone  about  Newberry  contains  in  its  cross-joints,  and  of  course  on  the 
surface  of  the  loose  fragments,  abundance  of  micaceous  oxide  of  iron  in  thin  laminae  :  some  small 
lumps  of  iron  ore,  slightly  magnetic,  were  also  found  near  the  town.  From  the  junction  of  these 
ridges  N.E.  of  Lisburn,  a  dyke  of  trap  crosses  Yellow  Breeches  Creek  below  Grove's  fulling-mill 
into  Cumberland  County  :  the  altered  conglomerate  accompanying  it  has  been  already  described. 
The  trap  here  is  more  fine-grained  and  compact  than  that  of  the  main  ridges  on  the  York 
County  side  ;  this,  however,  will  be  found  almost  uniformly  the  case  with  narrow  trap  dykes — 
the  rock  in  the  broad  ridges  being  sienitic,  having  felspar  for  its  base,  frequently  crystalline,  and 
containing  dark  and  greenish  crystals  of  hornblende,  while  in  the  smaller  ridges  and  dykes  it  is 
more  homogeneous,  with  a  bluish-grey  or  blackish  colour,  and  is  very  compact  and  tough.  The 
dyke  here  mentioned  passes  about  2  miles  from  Lisburn  on  the  N.,  and  appears  to  terminate  at 
a  point  about  a  mile  from  the  creek.  On  the  N.  and  N.E.  of  it  the  Matinal  limestone  is  in  place, 
that  portion  of  it  nearest  the  trap  being  altered  to  nearly  a  pure  white  sparry  rock. 

Another  dyke  runs  off  S.  from  the  main  ridge  near  Newberry,  crossing  the  Conewago  about 
a  mile  above  Demuth's  mill,  and  passing  W.  of  StrinestowTi,  and  probably  connecting  with  the 
dyke  observed  in  the  limestone  1-^  miles  AV.  of  York.  The  trap-hills  on  the  W.  of  Lewisburg 
are  not  connected  with  those  on  the  E.  towards  Newberry,  neither  are  the  shale  and  sandstone 
along  Bennet's  Creek,  which  runs  from  Lewisburg  S.E.,  changed  from  their  usual  colour  and 
appearance. 

About  2  miles  S.  from  Lewisburg,  on  the  right  of  the  road  from  that  place  to  York,  is  the 
most  Easterly  point  of  a  long  trap-ridge,  which  ranges  nearly  S.W.  from  this  place,  passing  near 
Rosstown,  Hampton,  New  Chester,  and  so  on,  S.  of  Hunterstown  ;  2  miles  S.E.  from  Gettysburg 
it  finally  crosses  the  Maryland  line,  about  3  miles  N.E.  from  Emmettsburg.  This  ridge  is  on  an 
average  about  1^  miles  in  breadth,  and  as  the  rocks  in  contiguity  with  the  trap  are  generally 
altered  in  proportion  to  the  mass  or  thickness  of  that  rock,  we  find  on  both  sides  of  this  range 
the  metamorphosed  shale,  extending  to  a  distance  about  equalling  the  width  of  the  trap,  though 
this  is  not  uniformly  the  case. 

The  trap-rock  of  the  S.  ridge  is  exceedingly  uniform  in  character  throughout  its  whole  length ; 
it  is  of  the  coarse  or  sienitic  variety,  and  is  a  beautiful  and  useful  material,  when  artificially  dressed, 
for  architectural  purposes.  A  mile  S.  of  Gettysburg  we  have,  on  either  side  of  the  trap,  a  dark 
purplish  shale  ;  but  on  the  W.  slope  of  a  hill  on  the  Hanover  Road,  three-quarters  of  a  mile  from 
Gettysburg,  is  a  belt  but  a  few  feet  thick,  of  a  lighter  colour,  exceedingly  tough  and  compact, 
which  contains  a  little  copper  with  incipient  crystals  of  epidote.  About  2^  miles  S.  of  Gettys- 
burg, a  little  below  the  turnpike  bridge  over  Rock  Creek,  is  an  old  quarry  in  the  altered  shale 
S.  of  the  trap,  where  several  varieties  of  crystallised  zeolite  are  found  ;  but  having  been  exposed 
for  some  time  to  the  weather,  the  specimens  obtained  are  not  so  fine  as  if  freshly  dug.    In  a 
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bank  on  the  other  side  of  the  stream,  zeolite  is  also  found  mixed  with  epidote  ;  the  flat  tabular 
masses  showing  the  crystals  of  the  two  minerals  curiously  interlaced.  Nearer  Gettysburg,  and 
rather  on  the  N.  side  of  the  trap  ridge,  epidote  is  abundant  in  the  loose  fragments  scattered 
about  the  fields,  some  of  it  mixed  with  crystals  of  quartz,  some  of  it  with  bladed  crystals  of 
hornblende  ;  other  specimens  are  found,  but  in  small  quantity,  containing  along  with  the 
epidote  a  curiously  radiated  quartz.  It  seems  to  be  a  general,  and  doubtless  a  very  natural 
consequence,  attending  the  trap  ridges  in  this  region,  that  they  have  altered  the  shale  in  their 
vicinity  in  proportion  to  their  width  on  the  mass  of  the  trap-rock.  Thus  we  find  the  broad 
ridge  S.  of  Gettysburg  to  have  exercised  its  influence  for  half  a  mile  at  least  on  the  contiguous 
shale,  while  the  narrow  dyke  on  the  W.  of  the  town  has  only  50  or  60  feet  of  altered  rock 
accompanying  it,  as  we  shall  hereafter  have  occasion  to  note  when  speaking  of  the  cuttings  on 
the  Gettysburg  Railroad. 

It  has  been  already  observed  that  the  most  Easterly  point  of  this  S.  trap  range  is  about 
2  miles  S.  of  Lewisburg,  and  that  it  does  not  cross  Bennett's  Creek,  and  connect  with  the  New- 
berry and  York  Haven  range  ;  on  the  contrary,  it  suddenly  sweeps  round  N.W.,  passing  up  the 
course  of  Stony  Run  west  of  Lewisburg,  and  spreads  out  into  a  broad,  rough,  hilly  region,  about 
Stevenson's  Mountain,  Round  Top,  Rich  Hill,  &c.  The  latter-named  hill,  however,  is  only  trap-rock 
on  the  E.  side,  the  W.  being  sandstone  and  shale.  From  Stevenson's  Mountain  and  the  adjacent 
hills  the  trap  passes  in  a  broad  range  N.  by  Siddonstown  to  Yellow  Breeches  Creek,  about  3^ 
miles  above  Lisburn.  It  does  not,  however,  cross  that  stream,  except  in  a  narrow  dyke  already 
noticed,  a  little  E.  of  Bryson's,  on  the  road  from  Lisburn  to  Carlisle.  In  this  trap,  on  the  S. 
side  of  the  creek,  opposite  Hursh's  mill,  we  found  a  heavy,  dark,  peculiar  iron-ore  ;  but  it  is  not 
to  be  procured  in  great  quantity.  It  is  immediately  on  the  bank  of  the  creek.  From  the  trap  on 
the  S.  of  YeUow  Breeches  Creek,  N.W.  from  Siddonstown,  a  dyke  seems  to  extend  S.W.,  passing 
a  little  North  of  Dillsburg  to  the  S.E.  base  of  South  Mountain.  Another  branch  passes  from  the 
neighbourhood  of  Stevenson's  Mountain,  ranging  S.  of  Dillsl^urg,  and  probably  connects  with  the 
last-mentioned  branch  near  the  base  of  South  Mountain,  W.  of  Dillsburg.  In  fact,  the  whole 
region  in  the  vicinity  of  Dillsburg  consists  of  trap  dykes,  altered  calcareous  conglomerate,  and 
shale,  with  diluvium  and  low  meadow-ground,  so  mixed  as  to  make  the  tracing  and  describing 
of  each  accurately  a  work  of  more  labour  than  real  utility.  Passing  from  Dillsburg,  S.W. 
towards  Petersburg  (York  Springs),  we  cross  obliquely  the  trap  range  which  runs  from  the  hilly 
region  E.  of  DiUsburg  to  the  S.  base  of  the  South  Mountain.  About  2  miles  from  Dillsburg  we 
leave  the  trap,  and  half-altered  shale  for  a  mile  or  more,  and  then  pass  on  to  the  common  red  shale, 
which  continues  to  Petersburg.  About  3  miles  S.E.  from  Petersburg,  and  not  far  from  the 
junction  of  Bermudian  and  Latimore  creeks,  seems  to  be  the  E.  termination  of  another  trap 
range,  which,  passing  S.W.  near  York  Springs,  Heidlersburg,  &c.,  nearly  touches  Gettysburg  on 
the  N.,  and  between  that  town  and  the  Maryland  line  approaches  very  near  to,  if  it  does  not 
actually  connect  with,  the  great  range  passing  S.  of  Gettysburg.  This  second  trap-ridge  does 
not  appear  to  be  so  uniform  in  its  development  and  character  as  the  S.  one,  being  more  irregular 
and  interrupted  in  its  course,  and  presenting  coarser  and  finer  varieties  in  the  crystallisation  of 
the  rock.  Near  the  Huntingdon  Meeting-house,  at  the  E.  termination  of  the  range,  the  rock  is 
sienitic,  showing  crystals  of  hornblende  imbedded  in  felspar.  On  the  bank  of  Bermudian 
Creek,  at  York  Springs,  the  trap-rock  is  seen  on  both  sides  of  the  stream.    The  spring  issues 
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from  the  low  ground  in  the  gap  made  in  the  trap-rock  by  the  passage  of  the  creek,  and  is  so  little 
above  the  level  of  the  stream  as  to  be  overflowed  by  a  moderate  rise  in  its  waters.  A  small 
trap-dyke  crosses  the  turnpike  about  a  mile  S.  of  the  springs.  The  strata  to  the  S.  and  S.W.  of 
the  springs  are  altered  bluish  and  purplish  shales. 

The  trap  formation,  which  ranges  along  near  the  S.  base  of  South  Mountain,  passes  about  2 
miles  N.  of  Petersburg,  continuing,  with  some  slight  interruptions,  S.AV.,  passing  near  the 
Lutheran  Church  east  of  Bermudian  Creek,  thence  along  the  N.  side  of  Chestnut  Hill,  crossing 
Opossum  Creek,  near  Keener's  mill,  and  so  continuing  nearly  the  same  course  to  the  turnpike 
which  runs  from  Gettysburg  to  IMummasburg.  Crossing  this  nearly  3  miles  from  Gettysburg, 
it  is  seen  in  the  cutting  on  the  railroad  about  2  miles  from  Gettysburg,  and  ranges  thence  W.  of 
Willoughby  Creek,  appearing  at  JNIoritz's,  on  the  Emmettsburg  Road,  W.  of  Marsh  Creek,  a  little 
S.W.  of  which  it  crosses  the  State  line  into  Maryland.  This  third  trap-range,  like  the  second, 
is  much  inferior  in  width,  and  effect  on  the  neighbouring  rocks,  to  the  first  or  Southern  ridge. 

Associated  with  this  trap,  about  4  mOes  W.  of  Petersburg,  is  an  iron  ore,  which  was  formerly 
worked  by  Messrs  Duncan  and  Mahon  at  Chestnut  Grove  furnace,  a  Httle  S.  of  Whitestown  or 
"  Middleton,"  as  marked  on  the  State  Map.  This  ore  bank,  as  well  as  the  furnace,  has  been  for 
several  years  abandoned,  and  all  is  going  to  ruin.  The  diggings  have  been  deep  and  extensive, 
but  the  ore  seems  not  to  have  been  abundant.  It  is  a  compact  dark  ore,  approaching  the  mag- 
netic variety,  and  has  some  micaceous  iron  associated  with  it.  In  the  ore-bank  at  the  old  furnace 
we  found  some  specimens  containing  beautiful  crystals  of  octahedral  iron.  Near  Lud^vig  Group's, 
between  the  old  furnace  and  the  mines,  lumps  of  micaceous  oxide  of  iron  are  found  in  the  fields. 
In  the  same  range  E.  of  Opossum  Creek,  and  N.  of  Chestnut  HiU,  at  Carson's,  it  is  also  found 
tolerably  abundant  on  the  surface.  Some  smaU  pieces  were  found  near  Wilsonville,  W.  of 
Opossum  Creek. 

We  come  now  to  speak  of  a  fourth  range  of  trap,  which  seems  to  lie  immediately  along  the 
base  of  the  South  Mountain,  or  rather  to  appear  at  intervals  along  the  spurs  which  form  the 
S.  flank  of  that  range. 

This  trap  is  apparently  much  more  irregular,  less  continuous,  and  more  frequently  interrupted 
in  its  course  than  any  of  the  others,  and  may  more  properly  be  regarded  as  a  series  of  dykes. 
It  is  generally  in  close  contact  w  ith  the  South  Mountain  rocks.  We  may  suppose  it  to  com- 
mence on  the  N.E.,  near  Wliitestown  (Middleton),  thence  extending  S.W.,  and  crossing  Opossum 
Creek  near  Minnich's  mill.  It  appears  between  Wilson's  and  Bender's,  on  the  road  from  Gettys- 
burg to  Pine  Grove,  and  again  near  Griest's  and  EUis's,  1^  miles  farther  S.W.  at  the  foot  of 
the  mountain.  It  is  seen  on  the  Conewago  below  Bell's  mill,  near  the  mountain,  and  forms 
a  considerable  hill  N.  of  Mark's  mill,  on  Marsh  Creek,  3  miles  N.W.  from  the  Gettysburg  and 
Chambersburg  Turnpike.  In  the  shale  S.  of  this  hill,  near  Mark's  mill,  an  iron  ore  is  found, 
which  was  formerly  partially  worked  by  Messrs  Paxton  and  Stevens  at  j\laria  Furnace.  It  is 
said  to  have  made  a  good  iron,  but  since  the  abandonment  of  the  furnace  the  bank  has  been 
neglected,  and  the  diggings  have  fallen  in.  Two  veins  appear  to  have  been  wrought  about  50 
yards  apart,  and  are  said  to  have  varied  in  thickness  from  9  inches  to  2^  feet,  dipping  regidarly 
N.W.  with  the  altered  shale  :  some  of  the  ore  found  near  the  mill  is  highly  magnetic,  readily 
holding  suspended  a  nail  of  considerable  size.  South-west  of  this  spot,  the  trap  of  which  we  were 
last  speaking  diverges  from  the  mountain,  crossing  the  South  Branch  of  Marsh  Creek,  near  the 
turnpike  and  railroad,  passing  E.  and  S.E.  of  Fairfield  (having  the  conglomerate  between 
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it  and  the  mountain),  where  it  forms  considerable  hills,  and  so  ranging  on  the  Maryland  line,  it 
crosses  it  about  3  miles  N.W.  from  Emmettsburg.  Near  this  trap,  at  Orr's,  between  Cashtown 
and  Fairfield,  there  is  a  beautiful  compact  dark  magnetic  ii'on-ore,  formerly  explored  to  a  small 
extent,  but  not  found  to  be  extensive.    The  old  diggings  are  filled  in. 

This  trap  ridge  E.  of  Fairfield  swells  out  into  large  hUls,  and  is  a  mile  or  more  in  width  ; 
consequently,  we  find  it  of  the  coarser  or  sienitic  variety.  It  much  resembles  that  of  the  first 
or  Southern  range,  and  was  much  used  on  the  railroad  for  viaducts,  being,  when  dressed,  a  very 
beautiful  building-stone. 

At  Welty's,  about  a  mile  E.  of  Fairfield,  and  a  little  W.  of  this  range  of  trap,  is  a  place  where 
some  digging  was  done  several  years  since  in  search  of  copper.  The  overlying  rock  is  an  altered 
shale  dipping  W.  about  50°.  Among  the  rubbish  thrown  from  the  old  mine  we  found  some 
green  carbonate  of  copper,  mixed  with  micaceous  oxide  of  iron,  and  some  micaceous  iron. 

On  the  E.  side  of  the  last-mentioned  range  of  trap  hills,  near  the  road  from  Fairfield  to 
Gettysburg,  is  a  band  of  the  altered  shale  of  a  black  colour,  which,  as  usual  with  black  slates, 
has  caused  some  trouble  in  the  neighbourhood  in  a  fruitless  search  for  coal. 

About  5  miles  S.E.  from  Fairfield,  and  1  mile  N.  from  the  State  line,  near  Emmettsburg,  in 
the  altered  shale  a  quarter  of  a  mile  S.  from  Abraham  Eiker's,  are  large  lumps  of  iron  ore,  com- 
pact and  crystallised.  Half  a  mile  farther  W.  some  digging  has  been  performed  for  iron  ore, 
but  without  success.  About  a  mile  S.  of  this  spot  are  some  very  old  diggings,  made  beyond  the 
memory  of  the  present  inhabitants  of  the  neighbourhood.  Micaceous  oxide  of  iron  was  found 
among  the  old  rubbish. 

The  trap  dykes  and  altered  rocks  of  Adams  County  are  well  exposed  in  the  cuttings  of  the 
Gettysburg  Railroad.  The  first  rock-cutting  is  through  the  ridge  immediately  N.W.  of  the  town 
of  Gettysburg — the  second  trap  ridge  of  our  previous  account. 

The  following  sketch  (Fig.  569)  will  give  an  idea  of  the  appearance  of  the  rocks  in  this  cutting. 

The  altered  shale  on  the  S.E.     •  ^'''«'',,^ii^_^^:<5?^^ 
side  of  the  trap  extends  about  R,dSMu^^         \'      ^"  "^^ 

60  feet  from  the  dyke,  gradually  .,--5^^^^^'  '  \ 

changing  its  colour  and  quality 

until  it  imperceptibly  shades  into  cof«(     ioof«/  ' 

common  red  shale.     The  trap-  Fig.  569. 

rock  is  150  feet  wide,  and  dips  70°  S.E.  ;  its  true  course  or  strike  is  N.  12°  E.  It  is  much 
decomposed  on  both  sides,  where  it  is  in  contact  with  the  shale.  The  altered  rock  near  the 
contact  with  the  trap  on  the  N.W.  side,  like  that  on  the  other  side,  is  about  60  feet  wide  before 
it  resumes  its  red  colour. 

There  is  a  thin  band  of  copper-bearing  slate  in  red  shale  N.W.  from  the  trap-rock. 

Between  this  and  the  next  trap  range  occur  a  series  of  gentle  ridges,  through  all  of  which 
the  road  is  cut,  showing  altered  shale  in  the  middle  of  each  ridge,  and  red  shale  on  either  slope 
towards  the  intervening  embankments  across  the  low  grounds  between  the  ridges.  This  may  be 
caused  by  a  succession  of  small  trap-dykes,  which  have  never  reached  the  surface,  but  have 
altered  the  shale  above  them.  This  shale,  being  thus  hardened,  and  rendered  less  subject  to 
decomposition,  has  naturally  formed  ridges,  while  the  softer  red  shale,  crumbling  more  readily 
by  atmospheric  action,  has,  in  the  progress  of  decomposition  and  denudation,  formed  a  series  of 
little  valleys  between. 
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The  third  trap-ridge  crosses  the  road  about  2  miles  from  Gettysburg.  A  calcareous  band, 
10  inches  thick,  occurs  in  the  altered  rocks  contiguous  to  this  ridge.  The  trap  of  the  third 
ridge  is  inferior  in  width,  more  jointed  and  decayed,  and  also  in  thinner  blocks,  than  that  of  the 
second  ridge  near  Gettysburg.  Some  asbestos  is  contained  in  the  joints  of  this  trap  ;  a  rough 
chalcedony  was  also  found  in  the  fissures  of  the  trap-rock,  containing  the  impressions  of  some 
cubic  cr}''stals,  possibly  sulphuret  of  iron. 

"We  meet  with  a  black  altered  shale  400  yards  S.E.  of  the  fourth  trap-ridge,  which  crosses 
the  railroad  and  turnpike  near  the  gate  3  miles  from  Gettysburg.  South-east  from  this  trap 
there  is  a  ridge  of  hard  altered  rock,  in  which  the  cutting  is  in  a  very  unfinished  state,  much  of 
the  ridge  having  had  none  of  its  rock  exposed.  The  trap-rock  lies  on  the  N.W.  side  of  the 
ridge,  and  seems  to  occupy  the  whole  of  the  low  ground  between  this  and  the  next  small  ridge 
near  Marsh  Creek,  w^here  the  trap  is  found  on  the  S.E.  side. 

Crystals  of  zeolite,  &c.  are  found  in  the  interstices  of  the  trap-rocks.  This  trap  seems  to  be 
about  half  a  mile  wide,  but  is  only  visible  at  the  railroad  on  its  two  sides,  the  middle  portion 
being  on  low  ground  where  there  is  an  embankment. 

Near  this  place  the  railroad  turns  more  to  the  W.,  and  passes  through  low  ground,  crossing 
the  turnpike  near  Marsh  Creek,  and  continuing  along  the  flats  near  that  stream  for  some 
distance.  A  few  small  cuttings  in  red  shale  are  seen  ;  but  the  next  cut  of  any  importance  is 
near  Biesecker's,  not  far  from  the  foot  of  the  mountain,  and  between  3  and  4  miles  X.  from 
Fairfield  :  here  a  spur  of  the  trap  is  cut  through.  This  rock  seems  somewhat  laminated  or 
stratified,  and  dips  gently  W.  The  interstices  contain  several  varieties  of  mineral  matter,  as 
zeolite,  prehnite,  crystals  of  yellow  ferruginous  sulphuret  of  copper,  and  carbonate  of  lime. 

A  single  specimen  of  pale-blue  chalcedony  was  likewise  seen. 

The  next  cutting  is  near  Marshall's,  one  mile  farther  S.W.,  in  a  grey  compact  silicious  rock, 
which  belongs  to  the  Primal  sandstone  of  the  South  Mountain. 

OEGANIC  EEMAINS  AND  GEOLOGICAL  AGE. 

The  Eed  Shale  and  Sandstone  formation  of  the  Atlantic  Slope  in  Pennsylvania  has  hitherto 
disclosed  but  few  fossils,  but  these  vestiges  of  extinct  organic  life  are  very  significant  and 
interesting.  Besides  a  few  rather  indistinct  impressions  of  plants,  the  deposit  contains  two 
or  three  species  of  crustacean  animals,  and  the  remains  of  two  remarkable  Saurian  reptiles,  the 
Clei^sisaurus  Pennsylvaniensis  and  Centemodon  Sulcatus.  The  crustacean  remains  belong  to 
two  species  of  the  genus  Cypris ;  the  fossils  being  minute,  flattened,  oval,  seed-like  bodies,  not 
as  large  as  a  grain  of  mustard  seed  ;  also  two  species  of  the  genus  Estherea,  flat,  ovoid,  sheU- 
like  fossils,  resembling  the  Posidonia  minuta,  from  which,  however,  they  differ  in  the  markings 
of  the  surface,  and  in  the  absence  of  the  characteristics  of  the  testacese  of  shell-fish. 

The  reptilian  relics  are  the  teeth  and  bones  of  large  aquatic  lizard-Hke  creatures.  The 
Clepsisaurus  remains  were  first  discovered  in  the  uppermost  layers  of  the  formation  near  Upper 
]Milford,  on  the  S.E.  border  of  Lehigh  County.  Their  anatomical  affinities  were  investigated 
and  published  by  Isaac  Lea,  Esq.  of  Philadelphia.  Subsequently  a  tooth,  referable,  if  not  to  the 
same  genus,  at  least  to  some  allied  Thecodont  saurian,  was  found  by  us  at  the  Phcenixville 
Tunnel,  Montgomery  County.    Along  with  this  tooth,  a  figure  of  which  is  here  presented  (see 
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Fig.  570),  specimens  of  coprolite  were  found  imbedded  in  the  same  rock,  and  subsequently  there 
have  been  discovered  a  Saurian  bone  and  a  tooth,  conjectured  by  Mr  Lea*  to  be 
a  portion  of  either  the  Clepsisaurus  Pennsylvanicus  or  the  Centemodon  Sulmtus. 

It  is  an  interesting  circumstance,  that  while  a  saurian  existed  during  the  depo- 
sition of  nearly  the  uppermost  or  latest  member  of  the  formation,  there  were  reptiles 
in  the  same  waters  early  after  the  commencement  of  it.  The  vertebral  bones  of  the 
Clepsisaurus  of  Lea  are  slightly  concave,  or  dished,  at  both  their  articulating  surfaces, 
and  the  name  has  been  conferred  on  the  genus  in  allusion  to  this  hour-glass  re- 
semblance. F'g-570. 

Much  uncertainty  has  prevailed  in  the  minds  of  American  geologists  respecting  the  precise 
geological  age  of  this  Eed  Sandstone  formation  of  South-east  Pennsylvania.  Until  twenty 
years  ago,  it  was  conjectured  by  the  late  William  Maclure,  Esq.,  E.  C.  Taylor,  Esq.,  and  others, 
on  analogies  of  composition,  to  represent  the  Old  Eed  Sandstone  of  Great  Britain  ;  but  in  1836, 
in  a  report  upon  the  geology  of  New  Jersey,  we  proved  that  its  date  of  deposition  was  certainly 
later  than  the  upheaval  of  the  Coal-measures  in  the  Appalachian  Mountains,  and  we  called  it 
the  Mesozoic  Eed  Sandstone,  preferring  to  designate  it  by  its  general  age  rather  than  assign  to 
it  a  European  name  and  equivalency  in  the  absence  of  any  significant  organic  remains. 

Professor  Hitchcock,  in  his  report  on  the  geology  of  Massachusetts,  regarded  the  formation 
as  the  equivalent  of  the  then  so-called  New  Red  Sandstone  of  England. 

In  1842,  Professor  W.  B.  Eogers  adduced  evidence,  from  a  few  fossils  collected  by  him  in 
Virginia,  for  referring  it  to  the  age  of  the  European  Trias,  rather  than  to  that  of  the  older  New 
Eed  Sandstone,  to  which  it  was  then  generally  ascribed.  Subsequently  t  he  has  presented 
evidence,  from  organic  remains  found  in  the  formation  of  Virginia  and  elsewhere,  for  relating  it 
in  time  rather  with  the  beginning  of  the  Jurassic  period  than  with  the  Triassic. 

Question  of  Age. — At  the  present  time  the  views  of  geologists  respecting  the  date  of  this 
red  argillaceous  sandstone  are  still  divided,  opinion  preponderating  in  favour  of  a  Triassic  or 
Jurassic  age  rather  than  of  a  Permian.  To  understand  the  evidence  appealed  to  in  favour  of 
the  several  doctrines  entertained,  it  is  necessary  for  us  to  go  aside  and  note  what  has  been  done 
in  developing  the  fossils  of  the  other  deposits  kindred  to  the  one  under  discussion  :  I  shall  as 
usual  proceed  from  the  N.E.  to  the  S.W. 

In  Prince  Edward  Island  there  is  a  group  of  red  sandstone  and  red-shale  strata,  separable 
apparently  into  two  formations,  one  on  the  S.  side  of  the  island,  imbedding  what  appear  to 
be  true  carboniferous  plants  ;  the  other  on  the  N.  side,  containing  remains  of  a  fossil  reptile, 
Bathygnathus  horealis,  the  affinities  of  which,  point  to  a  middle  secondary  epoch.  The  basin  of 
Mesozoic  strata  in  Nova  Scotia  is  proved  to  be  of  post-Carboniferous  age,  from  its  resting 
unconformably  in  a  trough  of  carboniferous  rocks  uptilted  at  the  close  of  the  Coal  period.  No 
fossils  have  yet  been  discovered  in  it  to  indicate  its  epoch  more  precisely,  but  we  may  con- 
jecture it  to  be  coeval  with  the  red  sandstone  of  the  Connecticut  Valley,  and  with  that  of  the 
Middle  States,  from  the  near  resemblance  of  its  materials  to  those  of  these  more  Southern  belts. 


*  See  Proceedings  of  Academy  of  Natural  Sciences  of  Philadelphia,  June  2,  1857. 

t  See  Communications  to  Boston  Society  of  Natural  History,  by  Professor  \V.  B.  Eogers,  1854,  et  seq. 
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EED  SANDSTONE  OF  THE  CONNECTICUT  VALLEY. 

The  organic  remains  of  the  Connecticut  Valley  belt  are  some  of  them  highly  curious,  and 
though  not  decisive  as  respects  the  age  of  the  formation,  are  very  suggestive  even  upon  this 
point.  The  vegetable  fossils  are  chiefly  Cycadites,  Lycopodites,  Equisetacese,  and  a  somewhat 
characteristic  fern,  Clathopteris  rectiosculus,  a  large  reticulated  fern  found  at  Easthampton, 
Massachusetts.*  This  Clathopteris  is  represented  in  Europe  by  the  C.  Miniscoides,  a  character- 
istic fossil  of  the  Trias,  and  the  Lias  or  lower  Jurassic  formations. 

Of  animal  remains,  the  best  defined  are  several  species  of  fishes,  and  the  foot-prints  of  reptiles 
and  of  many  birds.  The  fossil  fishes  belong  to  the  family  of  the  Lepidoides.  They  were  at  one 
time  referred  to  the  genus  Palseoniscus,  but  one  group  of  them  has  been  placed  by  J.  H.  Red- 
field,  Esq.,  in  a  new  genus,  Catopterus  ;  and  another  group  by  Sir  Philip  Egerton  in  a  newly- 
established  genus,  Ischypterus,  both  of  them  possessing  the  homocercal  or  equally-lobed  form  of  tail 
not  seen  in  any  formations  older  than  the  Trias.t  But  the  most  interesting  of  all  the  organic 
remains  in  the  Connecticut  Red  Sandstone  are  the  quadruped  and  biped  footprints  above  referred 
to.  The  former,  it  is  believed,  were  left  by  different  species  of  lizards,  turtles,  and  frog-like  or 
batrachian  reptiles  ;  the  latter  by  various  species  of  wading  birds,  some  of  them  of  very  colossal 
size.  Coprolites,  or  specimens  of  the  dung  of  these  creatures,  have  also  been  occasionally  met 
with.  The  tracks  occur  at  intervals  throughout  a  distance  of  more  than  80  miles,  from  Turner's 
Falls,  in  Massachusetts  southward,  and  are  repeated  on  successive  surfaces  through  a  thickness 
of  more  than  1000  feet  of  strata,  measuring  this  by  the  usual  rule  of  the  dip. 

This,  as  will  presently  appear,  does  not,  however,  necessarily  prove  a  subsidence  of  the  bed 
of  the  red-sandstone  estuary  through  so  great  a  space.  No  actual  remains  of  birds  recognised 
as  such  have  hitherto  been  brought  to  light ;  though  a  few  obscure  bones,  believed  to  be  reptilian, 
have,  it  is  said,  been  discovered.  As  the  bird-tracks  here  spoken  of  are  the  earliest  vestiges  yet 
met  with  in  any  country  of  this  high  class  of  creatures,  an  especial  interest  attaches  to  the  deter- 
mination of  the  true  antiquity  of  the  rocks  which  contain  them.  In  a  recent  communication 
to  the  American  Association  for  the  Advancement  of  Science  (1858),  Professor  Hitchcock,  in  pre- 
senting a  general  description,  with  drawings,  of  all  the  foot-marks,  tracks,  and  trails  noticed  by 
him  imprinted  in  the  Connecticut  red  sandstone,  displayed  impressions  which  he  conjectured 
might  have  been  produced  by  mammalian  animals  of  the  Marsupial  family  (the  tribe  including 
the  kangaroos,  opossums,  and  other  pouched  creatures),  but  no  mammalian  bones  have  been 
discovered  to  confirm  this  interesting  suggestion.  Among  the  tracks  are  some  attributable  to 
crustations — viz.,  to  crabs,  crawfish,  and  the  like  ;  while  there  are  others  so  minute  and  delicate 
as  to  imply  that  they  were  formed  by  insects.  The  non-discovery  of  the  bones  of  birds  amid 
strata  so  abundantly  marked  with  bird-like  footprints,  has  been  attributed  to  the  floating  away 
of  the  carcasses  of  the  birds  after  death  by  the  waters  of  the  estuary  upon  whose  slimy  shores  the 
impressions  were  left,  or  to  their  dying  and  decaying  on  the  dry  land.  These  ingenious  sugges- 
tions will  not  apply,  however,  to  the  non-appearance  of  any  remains  of  the  reptilians,  inferred, 
from  the  footprints,  to  have  coexisted  with  the  birds  ;  and  we  must  acknowledge  that  this 

*  See  description  by  E.  Hitchcock,  Junr.,  in  American  Journal  of  Sciences,  vol.  xx.  p.  22. 

t  See  paper  on  the  "  Relation  of  the  Fossil  Fishes  of  the  Sandstone  of  Connecticut  and  other  Atlantic  States  to  the  Liassic 
and  Oolite  Periods,"  by  W.  C.  Redfield,  in      American  Journal  of  Sciences  and  Arts,  vol.  xxii.  p.  35". 
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absence  of  solid  relics  where  analogy  drawn  from  other  formations  elsewhere  teaches  us  that  we 
should  find  them,  casts  some  doubt  upon  the  conjecture  that  certain  of  the  foot-marks  were 
impressed  by  either  reptiles  or  mammals. 

ORGANIC  REMAINS  OF  THE  MAIN  RED  -  SANDSTONE  BELT  OF  THE  ATLANTIC  SLOPE. 

Notwithstanding  the  great  extent  of  this,  the  chief  Mesozoic  deposit  of  the  Atlantic  States, 
stretching  almost  continuously  from  the  Hudson  to  South  Carolina,  the  number  of  fossils 
hitherto  found  in  it  is  very  scanty. 

Of  Plants  it  has  disclosed  fragments  referable  to  Equisetites,  and  probably  Zamifes,  besides 
specimens  of  coniferous  wood,  either  petrified  or  in  the  coaly  condition  called  Lignite.  These 
vegetable  forms  seem  to  relate  the  deposit  to  the  Triassic  or  older  Mesozoic  epoch. 

Among  the  Animal  remains  are  two  species  of  Cypris  and  two  species  of  Estherea,  both 
genera  of  crustaceans.  These  have  been  met  with  in  different  parts  of  the  formation  in  Penn- 
sylvania, Virginia,  and  North  Carolina,  but  I  am  not  aware  that  they  have  hitherto  been  detected 
in  the  equivalent  deposit  of  the  Connecticut  valley. 

Of  Fishes,  several  species  of  the  genus  Catopterus  have  been  discovered  in  New  Jersey, 
Virginia,  and  North  Carolina,  and  three  of  these  have  likewise  been  encountered  in  the  Connec- 
ticut Valley  belt,  associated  with  one  or  two  others  of  the  same  type  not  yet  met  with  farther  S. 

Another  genus,  the  Iscliypterus  of  Egerton,  has  also  been  met  with  both  in  the  New  Jersey 
extension  of  the  Pennsylvania  belt  and  in  the  deposit  of  the  Connecticut  Valley,  adding  to  the 
palseontological  links  which  tend  to  identify  in  age  these  two  disconnected  formations. 

Of  Reptiles,  the  main  formation,  or  that  which  alone  passes  across  Pennsylvania,  has  thus 
far  disclosed  the  remains  of  several  interesting  species  ;  two  of  these,  the  Clepsysaurus  Pennsyl- 
vanicus  and  C.  Leai,  were  first  discovered,  as  already  intimated,  in  Pennsylvania  ;  and  a  species, 
probably  the  first  named,  has  been  since  recognised  in  the  deep  river  coal-field  at  North  Carolina, 
nearly  a  prolongation  of  the  same,  by  Dr  Emmons,  who  has  added  several  other  species  of  reptiles 
as  belonging  to  the  deposit  in  North  Carolina, — namely,  Rutiodon  Carolinensis,  PalcBosaurus 
Carolinensis,  and  Palceosamms  Sidcatus.  In  New  Jersey  the  formation  has  disclosed  the  remains 
of  another  reptile  of  the  same  general  structure  as  the  Clepsisaurus :  it  has  been  named  by  Mr 
Lea,  who  discovered  it,  the  Centemodon  Sulcatus. 

Some  of  these  saurians  or  lizard-like  reptiles  of  this  red-sandstone  formation — the  Clep- 
sisaurus, for  example — have  been  referred  to  Professor  Owen's  group  of  Thecodont  Saurians,  or 
extinct  gigantic  lizards,  having  the  inner  parapet  of  the  lower  jaw  almost  as  high  as  the  outer 
one,  and  teeth  of  a  slender  compressed  conical  form,  finely  saw-toothed  on  their  edges,  and  closely 
set  in  a  row  between  the  parapets.  A  distinctive  feature  of  the  teeth  is  their  having  the  saw-teeth 
of  their  margins  directed  towards  the  point  of  the  tooth.  Much  stress  has  been  laid  upon  these 
characters,  because  hitherto  they  have  been  restricted  to  reptilians  coming  from  as  low  a  posi- 
tion in  the  geological  column  as  the  Permian  formations.  As  this  is  a  point  bearing  directly 
upon  the  question  of  the  geological  age  of  the  Mesozoic  red  sandstone,  it  is  important  to  concen- 
trate upon  it  as  much  learned  opinion  as  we  can.  Now,  it  is  stated  by  Professor  Leidy  of  Phila- 
delphia, who  devotes  to  the  Fossil  Osteology  of  the  United  States  an  uncommon  share  of  acute- 
ness,  patience,  and  learning,  that  the  Clepsisaurus  of  Lea  found  in  the  rocks  of  Pennsylvania  and 
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North  Carolina  "  is  not  properly  a  Thecodont  reptile,  but  may  form  the  type  of  a  new  family,  as 
its  teeth  are  inserted  in  the  jaw  by  solid  conical  fangs."  *  Such  mode  of  insertion  is  clearly 
indicated  in  the  teeth  procured  from  the  Phoenixville  Tunnel.  So  far,  then,  as  the  reptilian 
remains  have  a  bearing,  the  question  of  the  geological  age  of  the  formation  rests  very  much  where 
it  was  before  their  discovery.  The  removal  of  the  Clejmsauri  from  the  Thecodonts,  like  the  pre- 
vious setting  aside  of  the  fishes  of  the  formation  from  the  Permian  genus  PalcBoniscus,  with- 
draws every  Palasozoic  link,  and  leaves  us  nothing  to  countervail  the  evidence  of  a  Triassic  or 
stni  later  date,  deducible  from  the  affinities  of  the  other  organic  remains. 

Along  with  the  fossils  hitherto  discovered* at  the  Phoenixville  Tunnel  are  some  scales  of 
ganoid  fishes,  and  remains  of  bones  and  teeth  conjectured  by  Dr  Leidy  to  be  batrachian. 

FOSSILS  OF  THE  MESOZOIC  BELTS  OF  VIEGINIA  AND  NOETH  CAROLINA. 

Confining  our  attention,  in  the  first  place,  to  the  most  Western  of  the  three  Mesozoic 
deposits  of  the  Atlantic  Slope  of  Vii'ginia  and  North  Carolina,  as  being  the  belt  which  is  most 
evidently  the  representative  of  the  red -sandstone  tract  of  Pennsylvania,  and  looking  at  its 
distinctive  fossils,  we  find  the  plants  to  resemble  very  nearly  those  of  the  carbonaceous  deposits 
of  Whitby  and  Scarborough,  in  Yorkshire,  near  the  base  of  the  English  Oolitic  or  Jurassic  series. 
Among  the  forms  of  fossil  vegetation  are  a  species  of  Zamite  and  the  Equisetum  Columnari. 
Besides  these  plants,  the  formation  contains  two  sj)ecies  of  Estherea,  formerly  regarded  as 
Posidonomya,  and  two  of  Cypris,  one  smooth,  the  other  beautifully  granidated.  One  of  the 
Esthereas  resembles  closely  the  Posidonomya  Brownii  of  the  European  Lias.  According 
to  Professor  W.  B.  Rogers,  t  who  has  devoted  much  attention  to  the  Mesozoic  Fauna  of  the 
United  States,  these  fossils  are  all  to  be  met  with  in  the  middle  and  Eastern  or  coal-bearing  belts 
of  the  same  district  in  Virginia  and  North  Carolina  ;  and  as  the  more  complete  series  of  fossils 
of  these  last-named  deposits  implies  an  old  Jurassic  date,  he  is  disposed  to  regard  the  main  or 
W.  belt  as  of  that  age  likewise. 

Dr  Emmons,  the  able  State  Geologist  of  North  Carolina,  in  his  recent  Geological  Eeport  on 
the  Midland  Counties  (1856),  gives  a  full  account  of  the  organic  remains  discovered  by  him  in 
the  Mesozoic  rocks  of  the  Deep  and  Dan  rivers.  He  conceives  that  these  deposits  embrace 
strata  of  two  distinct  periods  :  a  lower  series,  consisting  of  conglomerate,  red  sandstone,  coal, 
and  fire-clay,  calcareous  and  bituminous  shales  and  drab-coloured  sandstones,  equivalent  to  the 
Permian  of  Europe  ;  and  a  conglomerate,  a  blue  slate  wdth  coal  and  fossil  plants,  and  red 
sandstones  and  marls  equivalent  to  the  European  Triassic.  In  the  lower  he  finds  various  forms 
of  vegetation — namely,  several  species  of  Fucoids,  or  sea-weeds,  chiefly  of  the  genus  Chondrites, 
and  Equisetum,  the  E.  columnaroides,  some  Lycopodiacece  or  Club-mosses,  and  two  or  three 
species  of  Ferns.  Among  the  Animal  remains  are  one  species  of  Cypris  in  great  abundance, 
and  an  Esthe7-ea  or  Posidonomya.  He  states  that  the  remains  of  fishes,  chiefly  small  shining 
rhombic  scales  of  the  ganoid  type,  are  numerous  in  the  black  bituminous  slates.  They  seem  to 
belong  to  the  genus  Catopterus  ;  but  the  most  remarkable  of  his  discoveries  are  the  relics  of 
several  reptiles,  a  Clepsisau7'us  Pennsylvanicus,  Rutiodon  Carolinensis,  Palceosaurus  Caro- 
linensis,  and  Palceosaurus  Sulcatus. 

*  See  Proceedings  of  the  Society  of  Natural  Sciences  of  Philadelphia,  J ime  9,  1857. 
+  See  Communication  to  the  Boston  Natural  History  Society,  1S54. 
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In  the  upper  group,  or  the  argillaceous  blue  slates  of  imputed  Triassic  age,  Professor  Emmons 
has  found  an  equally  iDteresting  series  of  organic  remains.  Of  ferns  he  describes  several 
species,  as  Tceniopteris,  Strangeritis  obliquiis,  Pecopteris  Wliitbyensis,  and  others.  He  shows 
two  new  species  of  Cycadites  and  two  Zamites,  one  of  them,  the  Z.  ohtusif alius,  a  characteristic 
plant  of  the  Eichmond  Coal-field,  and  two  new  species  of  Podo-Zamites :  besides  these  are 
several  Lycopodiacese  and  Equisetacese,  and  two  species  of  Sphenoglossum.  Among  the  Animal 
remains  are  two  species  of  Posidonia  or  Estherea,  and  a  tibea  of  a  Saurian  reptile. 

Since  the  publication  of  the  Geological  Report  of  North  Carolina  in  1856,  Professor  Emmons 
has  discovered  the  remains  of  an  insectivorous  mammalian  animal  in  the  older  or  supposed 
Permian  group  of  the  Deep  River  Coal-field.  According  to  Dr  Leidy,''^  this  mammal,  the 
Dromotherium  sylvestre,  is  closely  allied  to  the  Spalacotherium  of  Owen,  a  fossil  of  the  English 
Purbeck  limestone  of  the  oolitic  series.  This  analogy,  and  the  decision  previously  reached,  that 
the  reptiles  are  not  of  the  Thecodont  type,  seem  to  argue  against  the  opinion  that  some  of  the 
Mesozoic  rocks  of  North  Carolina  are  of  the  Permian  age.  All  the  evidence  from  organic 
remains  appears  to  tend  to  the  conclusion  that  they  were  formed  late  in  the  Triassic  or  late 
in  the  Jurassic  periods.  Confirmatory  of  the  testimony  derived  from  the  entire  absence  of  any 
well-authenticated  Permian  fossils  is  the  evidence  from  stratification.  This  exhibits  not  merely 
a  total  absence  of  a  physical  division  of  the  series  by  a  break  of  sequence  in  the  deposits,  but 
the  existence  of  one  remarkably  homogeneous  group,  as  the  description  of  the  several  members 
already  cited  will  clearly  show. 

For  the  purpose  of  correlating  more  clearly  the  several  Mesozoic  deposits  of  New  England 

and  the  Middle  and  Southern  States,  let  us  here  briefly  link  them  together  by  the  organic 

remains  which  they  are  found  to  possess  in  common  : — 

^,  ^         ^       ,     .        ,        .  .     /'Are  identified  in  time  by  their  both  containing  the 

The  mam  belt  of  New  Jersey,  Pennsylvania,  and  Virgmia,  J  r  ^    ■  ,     ^  ■,  ■       .  t 

.      ,^  „    ,  ,  \    same  footprmts  of  birds,  &c.  :  and  the  same 

and  that  oi  the  (Jonnecticut  Valley  belt,  I         .      „  „  ,       .     „  ^  ,  , 

^    species  01  nsh,^ — viz.  of  Catopterus. 

.  ,  ,    ^-r^.    .  .      T  ,      ^  ,        ,  ,     .        ,     fAre  linked  together  by  apparently  the  same 
The  mam  belt  of  v  irginia  and  that  of  the  coal-bearing  rocks  I  .      n  n  n  -r^  xi  i  i 

„  ^  ^  ^  °         ,  ^  ,  °  <    species  of  Cypridse  and  Estherea,  and  by  the 

of  Henrico  and  Chesterfield  counties  of  the  same  State,  ,  , 

V    same  plants. 

The  main  belt  in  North  Carolina,  that  of  the  Dan  River,  ,  .  ^  i-t^-i       ■  ^.i^ 

,   ,        , ,     .  J       -n.      T^.        n  ,       Are  related  by  several  identical  species  of  plants 

and  the  coal-bearmg  strata  of  the  Deep  Kiver  of  the  >       ,     .  , 

^  °  ^  and  animals, 

same  State,  / 

Thus  the  whole  of  this  long  chain  of  deposits  reposing  unconformably  upon  the  upturned 
edges  of  the  Metamorphic  and  Palseozic  formations  of  the  Atlantic  Slope,  are  to  be  regarded  as 
very  closely  approximated,  if  not  identified  in  time,  by  the  possession  in  common  of  important 
distinctive  fossil  remains,  to  be  met  with  nowhere  else  among  the  American  rocks,  but  repre- 
sented in  European  strata,  in  part  by  the  self-same  species,  in  part  by  nearly-related  analogies. 

These  strata  are  placed  in  parallelism  with  the  middle  Mesozoic  formations  of  Europe — the 
upper  Triassic  and  lower  Jurassic  rocks — not  merely  through  the  few  European  species  which 
they  possess,  but  quite  as  obviously  by  the  general  aspect  or  fades  of  nearly  all  the  organic 
remains  which  they  have  hitherto  disclosed.  Every  year  is  adding  to  this  list,  and,  as  they 
multiply,  the  impression  produced  leans  more  and  more  towards  the  conviction  that  they  were 
created  in  the  period  which  unites  the  Triassic  and  Jurassic  ages. 

*  See  Proceedings  of  Academy  of  Natural  Science  of  Philadelphia,  June  9,  1857. 
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IGNEOUS  EOCKS  AND  MINERALS,  VEINS  AND  ORES. 

No  portion  of  the  Atlantic  States,  of  equal  area  with  Pennsylvania,  contains  so  small  an  amount 
of  igneous  or  unstratified  crystalline  rocks.  Even  the  Atlantic  Slope,  the  metamorphic  and 
crystalline  zone  of  the  country,  is  within  this  State  unusually  free  from  these  once  molten  and 
intrusive  materials,  being  occupied,  to  a  far  larger  extent  than  in  the  districts  to  the  N.E.  and 
S.W.,  by  sedimentary  strata,  which  have  escaped  metamorphism.  Excepting  one  solitary 
narrow  dyke  of  trap-rock  crossing  Cumberland  County,  there  is  a  total  absence  of  injected  rock 
anywhere  to  the  N.W.  of  South  Mountain,  or  the  first  range  of  the  Appalachian  Chain  ;  and 
even  within  this  range,  which  in  New  Jersey  and  New  York  on  the  one  side,  and  j\Iaryland  and 
Virginia  on  the  other,  abounds  in  mineral  veins  and  dykes,  the  amount  of  genuine  Plutonic 
matter  is  comparatively  small.  Between  the  South  Mountain  and  tide-water,  or  within  what 
I  have  termed  the  Atlantic  Slope,  the  chief  outbursts  of  igneous  matter  are  the  numerous  dykes 
and  outpours  of  basaltic  trap-rock  of  the  Mesozoic  Eed  Sandstone  zone,  which  have  been 
already  described  in  the  chapters  upon  that  formation.  The  other  mineral  injections  of  the 
district,  or  those  which  have  invaded  the  strata — metamorphic  and  unaltered — which  are  not 
covered  by  the  red  sandstone,  are  the  dykes  and  veins  of  granite  and  greenstone,  confined 
principally  to  the  gneissic  belts,  and  certain  veins  or  lodes  of  complex  composition,  interesting 
for  the  metalliferous  ores  and  crystalline  minerals  which  distinguish  them.  I  propose  to  offer 
in  this  place  some  account  of  these  several  classes  of  injections. 

Granitic  Dykes. — As  already  mentioned  in  the  earlier  chapters  of  Book  I.,  the  S.  zones  of 
gneiss  include  numerous  small  dykes  and  veins  of  granite.  This  rock  is  nowhere  seen  in  suffi- 
cient mass  to  constitute  a  feature  in  the  scenery,  or  indeed  to  make  itself  recognised  in  other 
than  minute  fragments.  In  the  lower  part  of  the  State,  especially  in  Philadelphia  and  Delaware 
counties,  the  prevailing  character  of  the  rock  is  that  of  a  triple  mixture  of  very  coarsely  cr}"s- 
tallised  felspar,  quartz,  and  mica  ;  the  felspar  greatly  preponderating,  and  being  very  generally 
in  a  state  of  more  or  less  advanced  decomposition,  passing  in  some  cases  into  kaolin.  Those 
parts  of  the  gneissic  districts  which  exhibit  that  formation  disintegrated  to  a  greater  or  less 
depth  below  the  soil,  present  the  granitic  veins  rotted  and  softened  to  fully  as  great  an  extent : 
this  circumstance  makes  the  detection  of  the  granite  usually  an  easy  afiair,  as  it  is  betrayed  by 
the  coarse  flakes  of  indestructible  mica,  and  the  white  decomposing  felspar  usually  contained  in 
the  otherwise  grey  soil  of  the  surrounding  gneiss. 

The  granitic  veins  observe  no  very  constant  direction,  though  their  prevailing  strike  con- 
forms to  that  of  the  metamorphic  strata  which  enclose  them.  On  the  banks  of  the  Schuylkill  the 
granite  may  be  seen  in  many  instances  to  ramify  and  expire  within  the  gneiss  rock,  partly  inter- 
secting it,  and  partly  conforming  to  its  contortions  :  it  occurs,  though  much  more  seldom,  in 
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the  form  of  regular  dykes  or  veins  of  considerable  length  and  thickness,  having  parallel  walls. 
The  few  conspicuous  injections  of  this  class,  such  as  that  which  crosses  the  Wissahicon  below 
Middleton's,  have  been  already  specified.  A  different  class  of  granitic  dykes  from  those  bordering 
the  Schuylkill  occurs  in  the  S.  part  of  Delaware  County.  The  rock  is  not  so  truly  a  granite 
as  a  sienite,  for  it  contains  little  or  no  mica,  and  consists  of  a  vitreous  felspar  (its  chief  com- 
ponent), a  little  quartz,  and  a  little  hornblende.  This  rock  appears  in  wide  dykes,  which  increase 
in  magnitude  and  frequency  as  we  trace  them  into  the  State  of  Delaware,  where  the  material 
has  long  been  quarried  as  a  rough  building-stone. 

Greenstone. — Greenstone  trap-rock  occurs  occasionally  in  narrow  dykes  in  the  metamorphic 
districts  both  S.  and  N.  of  the  Chester  County  Valley,  but  these  igneous  outbursts  are  inva- 
riably slender  and  obscure.  Some  of  the  chief  ones  have  been  described  in  the  previous  text, 
and  a  second  detailed  reference  to  them  would  be  superfluous.  It  is  worthy  of  note,  however, 
that  these  injections  not  only  intersect  the  older  metamorphic  strata  of  the  belts  S.  and  N.  of 
the  Montgomery  and  Chester  Valley,  but  they  cut  the  Palaeozoic  strata — Primal  slates  and 
Auroral  hmestone — of  that  tract  likewase  ;  whereas  the  dykes  or  veins  of  the  granite  are  never 
seen  within  the  limestone,  or  indeed  anywhere  outside  of  the  belts  of  typical  gneiss  rock.  We 
might  hence  infer,  if  this  observation  is  correct,  that  the  granite  was  intruded  at  a  decidedly  more 
ancient  date  than  the  greenstone.  There  is  some  reason,  nevertheless,  to  doubt  the  accuracy  of 
this  generalisation ;  for,  as  already  shown  in  Book  I.  Chapter  II.,  dykes  of  rotten  granite  occur 
in  the  middle  zone  of  gneiss,  near  the  Yellow  Springs,  in  immediate  contact  with  red  sandstone 
and  iron  ore,  under  circumstances  which  imply  their  intrusion  to  have  been  later  than  the 
deposition  of  the  Mesozoic  formation,  since  they  seem  to  occupy  dislocations  which  involve 
insulated  patches  of  that  formation. 

The  other  classes  of  intrusive  matter  to  be  met  with  in  the  metamorphic  zone  of  the  State — 
as  the  dykes  of  serpentine  of  Chester  County,  and  the  metalliferous  lodes  of  the  same  county 
and  of  Berks  and  other  districts — have  been  either  already  treated  of  in  detail,  or  are  presently 
to  receive  a  special  description  ;  they  consequently  do  not  demand  any  more  particular  mention 
here.  We  will  therefore  proceed  to  a  detailed  account  of  such  of  the  more  interesting  veins  and 
localities  of  crystalhne  minerals  as  remain  undescribed. 

f 

MINEEAL  VEINS  OF  THE  PICKEEING  CEEEK  VALLEY,  NEAE  PHCENIXVILLE. 

We  will  first  direct  our  attention  to  tte  interesting  group  of  metalliferons  injections  wliich  occupies  a  nan•o^y 
flistrict  N.  of  the  great  Limestone  VaUey,  and  extends  E.  and  W.  of  the  Schuylkill  for  a  few  miles,  from  the  neigh- 
bourhood of  Charlestown  Village,  in  the  valley  of  Pickering  Creek,  to  the  Perkiomen  Mines  in  Montgomery  County. 

GEOLOGICAL  JIELATIONS  OP  THE  MINEEAL  VEINS. 

It  will  be  seen,  upon  consulting  the  map  of  the  mining  district  of  Montgomery  and  Chester  counties,  that 
the  metalliferous  lodes  or  veins  extending  from  the  Perkiomen  Mines  in  Montgomery  County  to  the  Charlestown 
Mines  in  Chester  County,  occur  not  far  from  the  boundary  which  separates  the  gneissic  rocks  of  this  region  from 
the  Middle  Secondary  fonnation  of  red  shale  and  sandstone.  Some  of  them  would  seem  to  lie  entirely  in  the  one 
set  of  strata,  and  some  of  them  in  the  other ;  while  others  again,  especially  the  interesting  group  of  the  Pickering 
Creek  Veins — on  the  economical  prospects  of  which  I  propose  to  venture  some  opinions — are  partly  within  the 
gneiss  and  partly  within  the  red  shale,  penetrating  the  latter,  however,  to  apparently  a  trivial  extent.  It  would 
seem  to  be  a  pretty  general  fact,  that  such  of  these  veins  as  are  confined  entirely  or  chiefly  to  the  gneiss  bear 
lead  as  their  principal  metal,  whereas  those  which  are  included  solely  within  the  red  shale  are  characterised  by 
containing  the  ores  of  copper.  But  the  zinc  ores,  viz.  zinc-blende  and  calamine,  prevail  in  greater  or  less  pro- 
portions in  both  sets  of  veins,  existing,  perhaps,  in  a  rather  larger  relative  amount  in  the  copper-bearing  lodes  of 
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tlic  red  shale.  Thus  the  Perkiomen  and  Ecton  Lode,  the  United  Mine  Lode,  the  Shannonville  South  Lode,  a 
small  lode  on  French  Creek,  a  lode  at  Port  Kennedy,  and  the  Morris  Lode  near  PhoBnisville,  are  genuine  copper 
veins,  and  they  are  all,  without  exception,  in  the  Eed-shale  formation. 

On  the  other  hand,  the  Wheatley  and  Brookdale  Lode,  the  Chester  County  Lode,  the  Montgomery  Lode, 
and  the  Charlestown  Lode,  with  other  adjoining  ones  of  the  same  group  at  present  more  imperfectly  developed, 
all  lying  within  the  gneissic  rocks,  or  if  extending  into  the  Eed  shale  not  explored  beyond  its  mere  margin,  are 
equally  genuine  lead  veins.  This  interesting  general  fact  is  not  presented,  however,  as  an  invariable  law,  unat- 
tended by  exceptions,  for  it  must  be  observed  that  several  of  the  lead  veins  of  the  gneiss  actually  enter  the  red 
shale ;  two  of  them,  the  Wheatley  and  the  Chester  County  Lodes,  cariying  their  ores  of  lead  and  the  usually 
accompanying  vein-stones  into  this  rock,  while  some  of  the  others  enumerated  are  traceable  still  farther  within 
its  boundary  by  their  characteristic  surface-fragments.  Nevertheless,  in  all  these  cases  the  red-shale  formation 
which  they  penetrate  is  a  very  thin  and  superficial  capping,  or  unconformable  covering  to  the  gneissic  strata, 
within  which,  even  here,  the  chief  body  of  the  veins  must  be  contained  below  this  shallow  depth.  Thus,  even 
iu  these  instances,  the  exceptions  to  the  rule  are  more  apparent  than  real.  But  partial  deviations  from  the  law, 
of  another  sort,  are  met  with  ;  some  of  the  lead  veins  of  the  gneissic  strata  contain  traces  more  or  less  abundant 
of  the  ores  of  copjier,  and,  more  strikingly,  very  considerable  proportions  of  lead  ore  are  occasionally  associated 
with  the  copper  ores,  in  the  copper  veins  of  the  red  shale,  especially  in  the  lodes  of  the  Ecton  and  United  mines. 
Yet  even  in  these  last-mentioned  instances,  which  are  the  most  conspicuous  exceptions  to  the  general  rule 
hitherto  brought  to  light  in  the  district,  the  proportions  of  lead  ore  to  copper  ore  are  quite  subordinate,  when 
estimated  for  each  entire  lode. 

The  gneissic  strata  of  the  tract  embracing  this  group  of  lead-bearing  veins  seem  to  differ  in  no  essential 
features  from  the  rest  of  the  formation  ranging  E.  and  W.  through  this  belt  of  countiy.  Here,  as  elsewhere,  they 
consist  chiefly  of  soft,  thinly-bedded  micaceous  gneiss,  a  more  dense  and  ferruginous  hornblendic  gneiss,  and 
a  thicker-bedded  granitic  gneiss,  composed  not  unfrequently  of  little  else  than  the  two  minerals,  quartz  and 
felspar. 

A  soft,  white,  and  partially-decomposed  granite  is  a  very  frequent  associate  of  the  stronger  lead-bearing 
veins,  particularly  in  their  more  productive  portions ;  but  this  material  belongs,  in  all  jirobabiUty,  not  to  the 
ancient  granitic  injections  of  the  gneiss,  but  to  those  much  later  metalliferous  intnisions  which  filled  long  parallel 
rents  in  that  formation  with  the  lead  ores  and  their  associated  minerals.  It  appears  to  be,  in  fact,  of  the  same 
date  of  origin  with  these  metalliferous  lodes,  and  may  be  viewed  as  derived  in  part  or  altogether  from  the  fusion 
of  the  intersected  gneiss,  by  the  intensely  hot  mineral  matter  of  the  vein  brought  into  close  contact  with  the 
walls  of  the  fissure.  The  melted  constituents  ot  the  gneiss  have  thus  floated  up  along  the  sides  of  the  tiiie  vein, 
and  re-crystallised,  upon  cooling,  in  chief  abiuidance  upon  the  exterior  of  the  lode.  Soft  granitic  matter  of  this 
sort  very  frequently  adjoins  the  hanging  walls  of  the  less  steeply  pitching  lodes  of  magnetic  iron-ore  in  New 
Jersey  and  New  York ;  and  it  would  naturally  tend  to  place  itself  in  this  position,  from  its  superior  Lightness 
compared  with  the  metallic  matters. 

The  gneissic  strata  and  their  granitic  injections  throughout  this  district,  display  a  softened,  partially  decom- 
posed condition,  extending  in  many  places  to  a  depth  of  several  fathoms.  This  rotted  state  does  not,  however, 
pervade  these  materials  to  as  great  a  depth  as  it  does  in  the  belt  of  gneiss  lying  S.  of  the  Chester  County  Valley  and 
nearer  the  level  of  the  tide.  To  its  influence  we  must  impute  the  fertility  of  the  soils  resting  on  the  formation, 
and  the  soft  lines  of  the  landscape.  Its  origin  is  due,  in  part,  at  least,  I  think,  to  the  action  of  the  sea-water, 
which  once  evidently  rested  over  all  this  S.  edge  of  the  low  Atlantic  slope  of  the  country,  dissolving  by  chemical 
forces  the  more  soluble  ingredients  of  the  felspar,  hornblende,  and  mica. 

Immediately  adjoining  some  of  the  mineral  veins  at  the  Wheatley  and  Chester  County  lodes,  the  gneiss  is 
softened  and  decomposed  to  a  very  considerable  depth,  and,  in  some  places,  in  a  very  thorough  manner ;  the  more 
micaceous  beds  being  converted  into  a  crumbling,  pm-plish-red,  unctuous,  and  clayey  material,  easily  crushed  in 
the  hand,  though  taken  from  a  depth  of  many  fathoms.  This  condition,  which  has  much  facilitated  the  cutting  of 
the  upper  adits  of  these  lodes,  is  the  result,  in  all  probability,  of  a  chemical  influence  exerted  on  the  materials  of 
the  strata  by  some  of  the  elements  which  belong  to  the  veins,  or  which  passed  up  thi-ough  the  fissures  they  fill  at 
the  time  of  their  injection.  Higli^-heated  steam  and  other  volcanic  vapours  have  manifestly  been  the  agents  of 
many  of  the  changes  we  witness  in  the  walls  of  our  igneous  veins.  At  the  same  time,  it  must  be  borne  in  mind 
that,  near  the  surface,  the  penetration  of  external  water  and  its  carbonic  acid,  and  free  oxygen  along  the  sides  of 
the  lodes,  may  have  assisted  this  decomposition  ;  and  there  can  be  no  doubt  that  these  elements,  thus  introduced, 
by  leading  to  chemical  changes  and  replacements  in  the  constituents  of  the  lodes,  have  caused  the  formation  of 
several  of  the  minerals  we  find — the  carbonates  and  sulphates,  for  example,  which  are  usually  met  with  in  the 
cavities  and  nests  of  the  veins. 

The  dip  of  the  gneiss  throughout  this  district  is  generally  about  S.  20°  E.,  and  seldom  at  any  high  angle,  the 
most  common  being  30° — 40°  ;  but  this  direction  and  inclination  are,  in  some  cases,  much  affected  by  contact  with 
the  veins.  These  cut  or  intersect  the  beds  of  the  gneiss,  both  in  strike  and  dip,  even  where  they  seem,  by  the 
violence  of  the  disruption  at  the  formation  of  the  vein,  to  have  twisted  the  strata  from  their  orcUnary  bearings. 
This  intersection  or  cutting  shows  these  to  be  trae  lodes. 

Of  the  general  relations  of  the  mineral  veins  of  the  district  to  each  other,  enough  is  already  known  to  convince 
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us  that  these  lodes  are  physically  associated  as  members  of  one  natural  group  of  igneous  injections,  indicating  that 
this  is  a  genuine  mineral  region,  and  that  the  distribution  of  its  metallic  wealth  is  controlled  by  definite  and 
ascertainable  laws. 

Of  the  one  dozen  or  more  lead  and  copper  lodes  of  greater  or  less  size  brought  to  light  in  this  quite  limited 
region  of  five  or  six  miles  length,  and  two  or  three  miles  breadth,  the  greater  number  are  remarkably  similar  in 
their  course,  ranging  N.  32° — 35°  E.,  and  S.  32° — 35°  W. ;  and  what  is  equally  worthy  of  note,  they  diji,  with 
scarcely  an  exception,  towards  the  same  quarter,  or  S.E.,  though  in  some  instances  so  steeply  as  to  approach  the 
perpendicular.  Those  which  do  not  observe  this  direction,  seem,  as  far  as  traced,  to  range  N.  52° — 54°  E.  and 
S.  52° — 54°  W,,  and  by  their  mutual  parallelism  to  each  other,  to  constitute,  as  it  were,  a  second  subordinate 
group  or  system  of  veins.  There  are  one  or  two  other  lodes,  such  as  the  counter-lode  of  the  United  Mine,  which 
range  at  even  a  less  angle  to  the  meridian  than  the  first  or  principal  set,  namely,  about  N.  26°  E. 

The  point  of  chief  interest  is  the  wonderfully  close  parallelism  of  the  more  numerous  group  embracing  the 
larger  and  more  promising  veins  of  the  district. 

There  is  no  marked  difference  in  the  general  character  of  the  vein-stones  of  tlie  several  mineral  lodes,  nor 
any  features  to  distinguish  as  a  class  those  of  the  red  shale  from  those  of  the  gneiss,  nor,  again,  those  observing 
the  normal  direction  of  N.  34°  E.  from  those  of  the  more  exceptional  direction  of  N.  53°  E.  Yet  each  vein  possesses 
certain  special  subordinate  characteristics  in  both  its  non-metallic  minerals  and  its  ores,  and  even  in  its  surface 
vein-stones  and  gossans,  by  which  the  initiated  observer  may  recognise  its  individuality. 

The  predominant  material  in  all  these  lodes  is  quartz,  then  sulphuret  of  iron ;  next  to  this,  perhaps,  the 
sulphate  of  baryta,  though  this  is  a  much  more  variable  ingredient,  being  scarcely  seen  in  the  Wheatley  and 
Chester  County  veins,  while  in  others,  as  in  the  Charlestown,  Morris,  and  tlie  United  mines,  it  is  in  great  abund- 
ance :  besides,  these,  there  occur  frequently  the  materials  of  the  walls  of  the  veins,  but  in  a  more  or  less  altered 
condition ;  such  are  the  soft,  white,  felspathic  granites  in  some  of  the  lead-veins,  conspicuous,  for  example,  in 
parts  of  the  Wheatley  Mine,  and  the  altered  shale  and  sandstone  fragments  involved  with  the  ore  in  the  Morris 
Lode.  These  veins  are  recognised  and  traced  on  their  "backs"  or  outcrops  by  fragments  of  indestructible  vein- 
stones, chiefly  cellular  quartz  and  sulphate  of  baryta,  and  by  their  gossans,  or  masses  of  pulverulent  oxide  of  iron 
and  oclrreous  earth,  interlaced  with  quartz,  or  filling  cavities  in  the  lumps  of  this  mineral,  and  still  more  definitely 
by  the  presence  of  the  metallic  ores,  sometimes  well  preserved  in  the  cavities,  or  in  the  body  of  these  fragments, 
or  oftener  only  in  stains  and  surface -coatings  of  the  phosphate  of  lead  or  the  carbonate  of  copper. 

The  different  lodes  differ  more,  perhaps,  in  the  amount  and  distinctness  of  the  gossan  which  they  show  on 
their  backs  and  in  their  higher  levels,  than  in  almost  any  other  particulars.  In  this  excellent  indication  of  a  good 
and  remunerative  metalliferous  vein — an  abundance  of  soft  brown  gossan — perhaps  none  of  the  lodes  of  the  region 
will  compare  with  that  of  the  Wheatley  Mine.  This  material,  the  product  evidently  of  the  decomposition  of  the 
sulphm-et  of  ii-on  of  the  vein,  often  contains,  in  this  Wheatley  Lode,  especially  at  some  dej3th  below  the  surface,  a 
very  appreciable  trace  of  silver,  derived,  most  probably,  from  the  decomposition  of  argentiferous  galena,  which  is 
one  of  the  characteristic  ores  of  the  vein.  Sundry  assays  of  its  gossans  show  an  average  proportion  of  about  ten 
ounces  of  silver  to  a  ton  of  the  material. 

The  metalliferous  and  other  minerals  found  in  these  veins  form  qiiite  a  numerous  list. 

Selecting  the  Wheatley  Lode,  as  presenting  perhaps  the  greatest  diversity  of  species,  and  as  that  which  has 
received  altogether  the  closest  study,  we  find  the  mineralogy  of  these  veins  represented  by  the  following  large 
and  interesting  catalogue  :  Sulphate  of  Lead,  Carbonate  of  Lead,  Phosphate  of  Lead,  Arseniate  of  Lead,  Molybdate 
of  Lead,  Chromate  of  Lead,  Chromo-molybdate  of  Lead,  Arsenio-phosphate  of  Lead,  Sulphuret  of  Lead,  Antimonial 
Sulphuret  of  Lead  and  Silver,  Sulphuret  of  Zinc,  Carbonate  of  Zinc,  Silicate  of  Zinc,  Sulphuret  of  Copper,  Green 
Malachite,  Blue  Malachite,  Black  Oxide  of  Copper,  Native  Copper,  Oxide  of  Manganese,  Native  SuliAur,  Native 
Silver,  Quartz,  Cellular  Quartz,  Oxide  of  Iron  containing  Silver,  Htematite  Iron,  Brown  Spar,  Sulphate  of  Barytes, 
Iron  Pyrites,  and  two  or  three  other  species. 

THE  WHEATLEY  LODE  AND  ITS  MINES. 

A  prolongation  of  the  Wheatley  Vein,  entitled  the  "  Brookdale  Lode,"  is  really  but  the  extension  of  the 
first-named  vein,  as  is  apparent  from  its  lying  precisely  in  its  course,  the  line  connecting  them  not  deviating, 
in  fact,  the  amount  of  half  a  degree  in  a  distance  from  the  N.E.  end  of  the  Wheatley  levels,  of  more  than 
3000  feet  to  the  engine-shaft  on  the  back  of  the  Brookdale  portion.  It  is  fiu-thermore  confirmed  by  the  corre- 
spondence in  the  direction  of  the  dip  of  the  two  veins,  but  especially  by  the  close  agreement,  amounting  to  identity, 
between  the  vein-stones  and  ores  of  the  respective  lodes. 

This  remarkably  regular  silver-lead  vein,  already  one  of  the  most  extensive,  as  respects  its  developed  length, 
in  the  country,  has  been  opened  and  mined  at  intervals  along  a  range  of  abotit  3072  feet.  It  is  first  approached 
from  near  the  water-level,  from  the  S.W.  side  of  Pickering  Creek  by  an  adit  cross-cut  of  410  feet  tlu'ough  the  Eed 
shale ;  the  distance  from  this  point,  where  the  adit  turns  into  the  lode  to  the  cross-cut  leading  from  the  vein 
to  the  main  or  engine  shaft,  is  540  feet ;  thence  along  the  vein  to  the  most  Western  point  now  reached  in  the 
Wheatley  Mine,  which  is,  in  the  10-fathom  level,  571  feet, — making  a  total  length  here  WTOught,  to  the  date  of 
the  1st  of  May  1853,  of  1111  feet.    The  main  adit-level,  including  the  part  in  the  red  shale,  is  1279  feet  long. 
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Between  tlie  Wlieatley  and  Brookdale  engine-sliafts,  the  distance  on  tlie  lode  is  2076  feet,  and  at  the  Brookdale 
Mine  the  lode  has  been  opened  by  an  adit-level  a  farther  length  of  456  feet, — making  in  all,  the  developed  length 
already  specified  of  3072  feet.  That  the  lode  is  prolonged  several  hinidred  feet  beyond  the  present  termination  of 
the  adit  of  the  Brookdale  Mine,  is  evident  to  any  careful  observer ;  for  the  siuface  is  marked,  in  the  vicinity  of  the 
course  of  the  vein  for  this  space,  by  lumps  of  cellular  quartz,  containing  the  well-known  gossan  of  the  vein,  and 
its  distinctive  ores  and  minerals.  It  is  certainly  an  encouraging  feature  in  the  vein  that  it  thus  so  well  preserves 
all  its  characters  over  so  considerable  a  length.  Although  there  intei-venes  a  space  of  about  1501  feet  between 
the  S.W.  workings  of  the  Wheatley  Mine  and  the  X.E.  openings  of  the  Brookdale,  within  which  the  lode  has  not 
yet  been  sought  for  nor  proved,  there  cannot  be  much  doubt  that  it  maintains  itself  continuously  through  this 
interval,  and  is  a  regular  persistent  vein. 

In  width  this  vein  vaiies  from  1  foot  to  2  or  2j  feet,  its  average  size  in  the  Wlieatley  Mine  being  about  18 
inches,  and  in  the  Brookdale  adit  nearly  2  feet.  Thus  far  it  gives  all  the  indications  of  being  about  as  productive 
in  ore  in  the  latter  mine,  at  an  equal  depth,  as  it  is  in  the  former.  While  the  Brookdale  end  is  somewhat  thicker 
than  the  other,  it  is  rather  more  full  of  quartz ;  yet  the  adit  there,  which  is  only  some  30  feet  below  the  surface, 
and  is  at  present  rather  more  than  456  feet  long,  presents,  for  400  feet,  what  miners  would  call  a  "  kindly  lode  for 
ore,"  with  quartz,  gossan,  phosphate  of  lead,  carbonate  of  lead,  and  galena,  growing  somewhat  poorer,  however, 
farther  towards  the  S.W.  end.  The  Brookdale  shaft,  descending  on  the  lode,  is  only  75  feet  deep  as  yet,  but  the 
lode  seems  gradually  to  improve  as  the  sinking  advances.* 

The  dip  of  the  lode  in  the  Wheatley  Mine  is  about  2^  feet  to  the  fathom,  or  68° ;  while  it  is  steeper  in  the 
Brookdale  end,  being  there  about  18  inches  per  fathom,  or  76°.  Its  mineralogical  characters  have  been  sufficiently 
described  already,  when  alluding  to  it  as  the  type  of  the  more  promising  lead-bearing  lodes  of  this  district.  It 
may  be  well  enough,  however,  in  this  place,  to  call  attention  to  what  lias  been  said  under  the  head  of  "  General 
Eemarks"  upon  these  veins,  respecting  the  prevalence  of  a  soft  felspathic  granite  on  its  walls,  a  soft  lich  gossan 
in  its  upper  levels  containing  silver,  and  the  gradual  reduction  in  the  propoilion  of  the  phosphate  and  carbonate 
of  lead,  with  a  corresponding  increase  of  that  of  the  galena  in  descending  from  level  to  level  in  the  Wheatley 
Mine.  This  last  fact,  sho^nng  a  progressive  replacement  of  the  more  easily  vapouiised  ores — condensable  only 
in  the  upper  cooler  parts  of  the  vein — by  other  ores  requiring  a  higher  heat  to  sublime  them,  gives  us,  as  already 
intimated  in  a  former  statement,  a  right  to  anticipate  a  somewhat  further  augmentation  in  the  quantity  of  galena 
as  the  mine  descends.  By  indicating  the  energy  of  the  igneous  action  which  attended  the  injection  of  the  metalli- 
ferous materials  in  the  fissure,  these  more  readily  sublimated  compounds  are  in  themselves  an  assurance  of  the 
probable  permanency  and  constancy  in  size  of  the  lode.  That  this  vein  is  the  product  of  true  igneous  or  volcanic 
agency  from  a  deep  source  ^\'ithin  the  earth,  is  not  only  clearly  implied  by  all  that  has  been  here  stated  of  its 
geological  and  mineralogical  features,  but  is  plainly  demonstrated  by  the  occurrence  of  pm-e  volcanic  or  ciystalline 
sulphur  in  the  ca\dties  of  the  less  compact  masses  of  the  galena  or  sulphuret  of  lead.  Were  a  conclusive  proof 
of  an  igneous  origin  really  needed,  it  would  be  furnished,  I  conceive,  by  this  interesting  fact.  Other  and  equally 
striking  evidences  of  the  force  with  which  the  vein  was  injected  will  present  themselves  in  the  cross  courses  of 
trap-rock,  intersected  and  displaced  by  the  lode.    To  the  description  of  these  I  now  proceed. 

TEAP  DYKES  OF  THE  WHEATLEY  LODE. 

Throughout  this  uimeral  district,  and  indeed  extensively  over  aU  this  part  of  Pennsylvania,  the  strata  are 
intersected  by  dykes  or  injections  of  all  dimensions,  chiefly  narrow  ones,  of  a  fine-grained  bluish  trap-rock.  These 
seem  to  observe  one  prevailing  course,  at  least  a  general  E.  and  W.  direction  of  the  principal  ones  has  been  detected 
by  me.  They  traverse  equally  the  oldest  strata  of  the  region,  the  gneiss,  and  the  ancient  palteozoic  limestone 
of  the  Chester  County  Valley,  and  the  newest  formation  in  the  district,  the  Middle  Secondary  or  Eed  shale  and 
sandstone.  It  is  thus  manifest  that  some  at  least  of  these  igneous  injections  are  of  a  date  subsequent  to  the  depo- 
sition of  the  red  sandstone,  and  it  is  highly  probable  that  even  many  of  those  included  within  this  tract  of  the 
oldest  rocks  are  of  the  same  relatively  recent  age  ;  yet  we  have  in  the  Wheatley  and  Brookdale  Lode,  which  cuts 
no  less  than  tliree  of  these  small  dykes  of  trap-rock,  the  interesting  proofs  that  this  lead-bearing  vein,  and,  by 
analogy,  the  other  metalliferous  lodes,  are  of  a  date  even  somewhat  more  modem.  These  would  appear  to  be,  in 
fact,  the  newest  of  the  igneous  injections  of  any  sort  encountered  in  all  this  Atlantic  portion  of  the  continent. 
Their  precise  geological  age  is  not  susceptible  of  any  closer  limitation  than  a  date  subsequent  to  that  of  the  forma- 
tion of  the  red  sandstone,  and  prior  to  that  of  the  cretaceous  deposits  which,  in  New  J ersey,  overlap  this  red  sand- 
stone and  its  trap  dykes  imconformably,  and  which,  from  theii-  embracing  no  mineral  veins  whatever,  have  very 
e^'idently  been  laid  down  after  these  I  have  now  described  were  injected.  They  may  possibly  belong  either  to 
the  epoch  of  disturbance  which  attended  the  elevation  and  close  of  the  oolitic  coal  deposit  of  Virginia  and  North 
Carolina,  or  that  other  period,  of  a  far  greater  and  wider  movement,  which  shifted  the  shores  and  interior  basin  of 
the  continent,  immediately  before  the  vast  cretaceous  formation  commenced  its  long  tenu  of  sedimentary  accumu- 
lation. 

*  At  date  of  August  1,  1853,  the  shaft  was  down  110  feet;  and  a  level,  at  90  feet  depth  and  20  fathoms  long,  exhibited  a  much  richer 
condition  than  the  adit-level  above. 
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THE  TRAP  DYKES  IN  THE  WHEATLEY  LODE. 

Dyke  No.  1. — From  tlie  engine-sliaft  cross-cut,  S.W.  in  the  10-fathom  level  399  feet,  there  is  a  trap  dyke 
(No.  1)  ending  against  the  lode  on  its  N.W.  side  or  foot  wall ;  it  is  about  3^  feet  thick,  its  course  is  E.  and  W., 
and  it  dips  N.  about  18  inches  per  fathom.  Between  this  N.  part  of  the  dyke  and  its  S.  half,  which  abuts  in 
like  manner  against  the  S.E.  side  or  hanging  wall,  there  is  a  space  of  56  feet.  This  has  the  same  course,  but  its 
dip  N.  is  not  more  than  12  or  15  inches  per  fathom. 

Dyke  No.  2. — There  is  another  smaller  dyke  composed  of  close-grained  trap ;  it  also  abuts  against  the  lode 
on  its  N.W.  side  about  93  feet  from  the  S.W.  half  of  dyke  No.  1,  or  555  feet  from  the  engine-shaft  cross-cut. 
This  dyke  is  about  one  foot  thick  ;  its  course  is  about  N.  70°  W.,  and  it  dips  almost  perpendicularly.  The  other 
part  of  this  dyke  meets  the  lode  on  its  S.E.  or  opposite  side,  at  a  distance  of  18  feet,  presenting  the  same  nearly 
vertical  dip,  and  holding  about  the  same  thickness  as  its  counterpart. 

Dyke  No.  3. — Another  dyke,  3  feet  or  more  in  thickness,  occurs  at  a  distance  of  30  feet  from  the  S.E.  half 
of  dyke  No.  2.  As  this  lode  has  not  yet  been  driven  on  this  level  beyond  the  dyke,  or  even  entirely  through  it, 
it  is  not  possible  to  state  definitely  its  dimensions,  or  even  its  course  and  dip,  though  tlie  latter  appears  to  be  N., 
like  the  other  two  dykes  above  described.  It  would  seem  to  be  heaved,  but  to  what  extent  remains  to  be  seen 
hereafter. 

Adverting  to  the  very  different  distances  to  which  the  two  dykes,  Nos.  1  and  2,  are  heaved  in  this  level — 
viz.,  56  feet  and  18  feet  respectively — it  is  obvious  that  the  displacement  of  these  divided  portions  cannot  be  the 
result  of  an  exclusively  horizontal  movement  of  the  walls  or  cheeks  of  the  fissure  filled  by  the  lode,  but  must  be 
due,  in  part  at  least,  to  a  vertical  dislocation  or  sliifting.  The  conditions  of  the  case  seem  plainly  to  indicate  that 
the  throw  of  the  N.W.  side  of  the  fissure  has  been  upward  and  forward  towards  the  N.E.,  or  that  of  the  S.E.  side 
downward  and  backward  towards  the  S.W.  The  exact  direction  and  amoimt  of  this  oblique  displacement  of  the 
walls  of  the  lode  cannot  be  computed  from  the  limited  data  at  present  furnished  by  the  mine.  It  seems,  however, 
to  have  amounted  to  at  least  some  3  fathoms  in  a  horizontal  direction,  and  to  not  less  than  12  or  15  fathoms  in  a 
vertical  one.  So  heavy  a  dislocation  or  throw,  when  viewed  in  connection  with  the  great  length  of  the  vein,  is 
certairdy  a  very  encouraging  feature  ;  for  it  is  plain  that  a  crack,  whose  sides  have  been  so  much  displaced,  can- 
not pinch  itself  to  very  small  dimensions,  but  must  remain  the  same  open  well-defined  fissure  which  we  see  it  in 
the  mine  for  a  great  depth  beneath  the  present  workings.  Thus  the  trap  dykes,  or  cross  courses,  by  disclosing  to 
us  an  extensive  displacement  of  the  cheeks  of  the  vein,  confirm  in  an  interesting  manner  the  inferences  already 
derivable  fi-om  the  lode  itself,  that,  compared  with  the  others  of  its  district,  it  is  an  injection  of  mineral  matter  of 
more  than  ordinary  regularity,  extent,  and  richness. 

EXTENT  AND  CONDITION  OF  THE  WHEATLEY  MINE  IN  1853. 

The  Adit-Level. — The  adit  or  water-level  lies  at  an  average  depth  beneath  the  surface  of  about  8  fathoms. 
Its  total  length  is  1279  feet.  Of  this  space,  410  feet  are  through  red  shale  from  the  adit  mouth  to  the  lode.  From 
this  obhque  cross-cut  it  is  540  feet  along  the  lode  to  the  short  cross-cut  at  the  engine-shaft.  Thence  to  the  W. 
wlum-shaft  it  is  194  feet,  and  beyond  this  the  adit  extends  135  feet  farther. 

The  10-Fathom  Level. — This  level  has  a  total  length  at  the  present  date.  May  1,  1853,  of  935  feet  from  the 
end  of  the  engine-shaft  cross-cut  to  its  present  S.W.  terminus.  It  has  now  been  driven  604  feet ;  and  from  the 
same  point  to  its  N.E.  end  it  is  331  feet  long.  It  extends,  therefore,  about  275  feet  past  the  S.W.  end  of  the 
adit-level. 

The  20-Fathom  Level. — Up  to  the  same  date,  the  1st  of  May,  this  level  had  been  driven  S.W.  from  the  engine- 
shaft  cross-cut  465  feet,  and  N.E.  from  the  same  point  about  95  feet,  being  a  total  length  of  560  feet. 

Of  the  Shafts  and  Winzes. — There  are  five  external  shafts  and  six  shorter  interior  ones — called  Winzes  by 
miners — connecting  the  different  levels. 

The  Engine-Shaft. — The  main  shaft  of  the  mine,  by  which  aU  the  water  is  lifted,  and  a  portion  of  the  ore 
also,  has  a  present  depth  of  234  feet.  It  is  perpendicular,  and  enters  the  gneiss  rocks  at  a  point  122  feet 
S.E.  from  the  lode  at  the  surface.  At  the  adit-level,  its  distance  from  the  lode,  in  consequence  of  this  being 
nearly  perpendicular  in  its  upper  portion,  is  stiU  120  feet ;  opposite  the  10-fathom  level  its  distance  is  103  feet, 
and  at  the  20-fathom  level  the  space  is  76  feet.  On  the  assumption  that  the  present  very  regular  rate  of  dip  of 
the  lode  will  continue,  the  shaft  wiU  be  off  from  the  30-fathom  level — not  yet  quite  reached — about  51  feet,  and 
26  feet  from  the  40-fathom,  and  only  1  foot  from  the  50-fathom  level,  a  little  beneath  which  it  will  enter  the  lode. 
This  shaft  is,  in  regular-dipping  gneissic  strata,  penetrated  here  and  there  vsith  injections  of  granite  and  sienite. 

The  S.W.  Whim-Shaft,  194  feet  S.W.  from  the  engine-shaft,  descends  in  the  lode,  and  has  a  depth  of  174  feet. 

The  N.E.  Whim-Shaft,  311  feet  from  the  engine-shaft,  is  not  in  the  lode,  but  in  the  gneiss  rocks,  and  is  so 
placed  that  it  wHl  cut  the  lode  at  the  20-fathom  level.    Its  present  depth  is  about  100  feet. 

The  Two  Adit-Shafts  meet  the  lode  at  the  adit-level,  and  are  only  for  ventilation.  They  both  are  to  the  N.E. 
of  the  engine-shaft :  the  first  at  201  feet  from  it,  with  a  depth  of  57  feet ;  the  second  at  530  feet  from  it,  having  a 
depth  of  40  feet. 

Of  the  Winzes  within  the  mine,  there  are  two  which  descend  froni  the  adit-level  to  the  10-fathom  level ;  one 
of  them  situated  to  the  N.E.  of  the  engine-shaft  cross-cut,  and  the  other  to  the  S.W.  of  it. 
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The  other  four  descend  from  the  10-fathom  level  to  the  20-fathoin  level ;  and  of  these,  one  is  X.E.  of  the 
engine-shaft  cross-cut ;  one  lies  between  this  cross-cut  and  the  W.  whim-shaft,  while  the  remaining  two  are  to 
the  S.W.  of  this  whim-shaft. 

Note. — Subsequently  the  10-fathom  level  has  been  extended  72  feet,  and  the  20-fathom  level  168  feet. 

PEODUCT  OF  THE  MJiE  OEE. 

I  will  now  present  some  notes  of  the  past  productiveness  of  the  mine,  with  my  views  of  its  prospective 
yield. 

Good  ore  has  been  extracted  in  stoppings  even  between  the  surface  and  the  adit-level :  for  example,  near 
the  engine-shaft  cross-cut,  for  a  length  of  about  40  feet.  In  the  next  lift,  or  between  the  adit-level  and  the 
10-fathom  level,  the  mine  has  yielded  good  ore  in  three  several  stoppings  :  one,  N.E.  of  the  engine  cross-cut,  40 
feet  long  and  30  feet  high ;  another,  just  S.W.  of  the  cross-cut,  80  feet  long  and  nearly  up  to  the  adit-level,  or 
about  55  feet  high ;  while  the  third  or  largest  was  both  N.E.  and  S.W.  of  the  W.  whim  -shaft,  and  had  a  length 
of  214  feet,  and  an  average  height  of  some  36  feet. 

lu'addition  to  this  portion  already  taken  out,  I  would  obser\-e  that  there  was  in  1853  a  mass  of  ore  still  above 
the  10-fathom  level,  at  its  extreme  W.  end,  some  35  feet  in  length. 

Between  the  10-fathom  and  the  20-fathom  levels  tliere  has  been  very  httle  ore  removed  as  yet,  the  chief 
piece  of  stopping  being  a  little  S.W.  of  the  engine-shaft  cross-cut.  Another  mass,  about  50  feet  long  and  only  9 
feet  high,  has  been  taken  chiefly  from  the  S.W.  of  the  whim-shaft ;  and  there  is  yet  a  third  stopping,  on  the  main 
lode  at  the  S.W.  end  of  the  20-fathom  level,  45  feet  in  length,  but  carried  up  at  present  no  more  than  some  12 
feet  on  an  average. 

In  the  portions  of  the  main  lode  which  seem  to  promise  a  profitable  fatui'e  yield,  there  remains  some  ore 
above  a  long  stopping  near  the  W,  whim-shaft  above  the  10-fathom  level.  The  ground  S.W.  of  this  old  stopping 
is  dead,  and  beyond  it  we  find  36  feet  of  good  stopping-ground  to  the  present  end  of  the  level. 

From  the  20-fathom  level  on  the  N.E.  end,  N.E.  of  the  engine-shaft,  occm-s  a  piece  of  good  ground,  almost 
40  feet  long,  near  the  winze  S.W.  of  the  engine-shaft  cross-cut.  This  first  piece  is  66  feet  long  between  the  cross- 
cut and  winze.  A  second  piece,  beginning  50  feet  N.E.  of  the  whim-shaft,  and  extending  for  some  250  feet  to  the 
present  end  of  this  level,  though  in  places  quite  lean,  will  pay  well  for  stopping.  At  the  S.W.  end  of  the  work- 
ings, the  lode  appears  of  average  richness.  On  the  10-fathom  level  there  is  a  cross  trap-dyke  3  or  4  feet  thick, 
and  beyond  this  the  vein  is  resumed,  but  is  at  present  thin,  being  only  just  at  the  dyke.  The  20-fathom  level  is 
not  as  far  forward  within  150  feet.  It  ends  in  a  very  fair  lode,  and  has  very  recently  increased  both  in  size  and 
richness,  the  ore  part  being  estimated  to  be  2  feet  thick,  and  to  yield  3  tons  of  ore  per  fathom. 

BEANCHES  FEOM  THE  MAIN  LODE  IN  THE  -VVHEATLEY  MINE. 

An  interesting  and  encouraging  feature  in  this  vein,  betrajang  the  energy  and  extent  of  the  rupturing  and 
injecting  force,  is  the  presence  of  several  branch  lodes  which  fork  off  at  an  acute  angle  from  the  main  mass,  and, 
for  the  most  part,  re-enter  it  again  at  a  similar  obliquity,  insulating  at  the  same  level,  at  least,  a  thicker  or  thinner 
mass  of  the  adjoining  rock.  These  enclosed  "  horses,"  as  the  miners  call  them,  are  sometimes  entirely  insulated 
in  certain  mines,  sometimes  only  partially  so.  In  the  ^Tieatley  Lode,  the  principal  one  points  off  to  nothing 
upwards,  and  feathers  off  in  both  directions  horizontally,  by  the  branch  veins  iimning  into  the  main  lode  upwards 
as  well  as  horizontally ;  but  whether  it  is  thus  surrounded  in  the  downward  direction  catmot  be  known,  since  it  is 
growing  progressively  thicker  fi-om  level  to  level  descending.  That  this  branch  lode  will  eventually  enclose  the 
"  horse  "  in  the  downward  direction,  seems  altogether  probable,  from  its  appearing  to  be  so  essentially  a  true 
branch  shot  upward  and  laterally  from  the  main  injection  of  ore. 

The  branch  veins,  as  now  developed,  are — 

First,  A  branch  vein  or  offset  from  the  main  lode,  which  turns  out  and  re-enters  it,  insulating  a  horse. 
This  branch  at  the  10-fathom  level  is  80  feet  between  its  two  junctions  with  the  main  lode,  and  at  this  level  it 
recedes  9  feet  at  the  thickest  part  of  the  horse.  The  horse  contains  strings  of  phosphate  and  carbonate  of 
lead.  This  branch  joins  the  main  lode  about  20  feet  above,  back  of  the  10-fathom  level.  It  dips  steeper  than 
the  main  lode,  underlying  not  more  than  6  inches  in  a  fathom ;  for,  at  16  feet  below  the  10-fathom  level,  the 
cross-cut  to  it  is  12  feet  long,  and  it  will  be  20  feet  at  the  20-fathom  level. 

This  branch  yields  good  ore  throughout,  cliiefly  galena.  Its  average  thickness  is  aboi;t  9  inches,  and  it  is 
richest  where  the  horse  is  widest,  and  thins  at  its  junction  with  the  main  lode. 

Opposite  this  branch  the  main  lode  contains  galena  and  phosphate  of  lead  as  on  the  10-fathom  level — good 
ore,  say  about  18  inches  in  thickness. 

There  is  another  branch  also  on  the  N.W.  or  underlying  side  of  the  lode,  visible  in  the  10-fathom  level,  but 
opened  and  mined  from  the  20-fathom  level.  It  has  been  mined  60  feet  from  the  S.W.  point  of  the  horse  N.E.  to 
where  the  workings  now  are  ;  but  it  has  not  been  worked  round  into  the  lode. 

This  branch,  like  the  other,  is  nearly  perpendicular,  underlying  not  more  than  9  inches  per  fathom.  The 
horse,  at  the  thickest,  is  about  12  feet,  and  at  the  present  end  of  the  workings,  5  feet  thick,  the  branch  now 
approaching  the  main  lode. 

Tlie  horse  is  streaked  -n-ith  thin  veins,  and  has  chunks  and  strings  of  galena,  carbonate  of  lead,  &c.  There 
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are  symptoms  of  otlier  brandies  or  tum-oiits  of  the  vein,  some  of  them  on  its  S.E.  side  ;  but  these  two,  here  men- 
tioned, are  the  only  ones  now  working. 

These  branches,  it  will  be  seen,  promise  to  contribute  quite  a  considerable  auxiliary  amount  of  ore  to  that 
derived  from  the  main  lode,  and  they  deserve  to  be  very  carefully  sought  and  pursued. 

Of  the  other  or  productive  half,  a  careful  study  of  the  Wheatley  Mine  induces  me  to  believe  that  the 
average  yield  in  good  ore,  calculated  to  the  square  fathom,  is  from  1^  to  1^  tons. 

It  is  in  the  power  of  any  person,  from  these  data,  and  from  the  other  elements  of  length  and  depth  already 
presented,  to  estimate  for  himself,  on  the  reasonable  assumption  of  a  permanency  in  the  averages  I  have  ventured 
to  give,  the  total  future  yield  of  the  whole  lode,  embraced  between  the  limits  within  which  it  has  been  opened,  and 
is  now  being  wrought,  in  the  Wheatley  and  Brookdale  mines. 

In  support  of  the  general  accuracy  of  my  estimate  of  February  1852,  of  the  quantity  and  aggregate  value  of 
the  ore  then  accessible  in  the  mine,  I  beg  leave  to  mention,  that  I  learn  from  the  books  of  the  Company,  that  the 
quantity  of  marketable  ore  actually  extracted  from  those  workings  and  sold,  proved  to  be  almost  exactly  what  I 
at  that  time  comijuted  it,  as  it  lay  unbroken  in  the  mine. 

I  cannot  conclude  this  description  on  the  Wheatley  and  Brookdale  Lode,  and  the  two  mines  recently 
wrought  in  it,  without  expressing,  in  distinct  terms,  my  conviction,  that  the  whole  vein,  as  far  as  opened,  holds 
out  a  good  promise  of  permanency  and  richness,  or,  in  other  words,  of  fair  remunerative  profit,  if  efficiently  and 
frugally  wrought.  But  to  work  it  to  the  best  efficiency,  which  in  mining  is  the  only  true  economy,  it  will  be 
indispensable,  I  conceive,  to  drain  the  lode  of  the  chief  part  of  its  water  by  a  powerful  pumping-engine  and  central 
shaft,  stationed  at  some  point  between  the  present  Wheatley  and  Brookdale  engine-shafts,  competent  to  relieve 
both  of  these  mines  of  their  main  influx  of  water,  and  to  make  the  vein  accessible  through  a  greater  length  and 
depth  than  can  possibly  be  commanded  by  the  existing  comparatively  feeble  engines. 

THE  PRESENT  EXTENT  OF  THE  BEOOKDALE  MINE. 

The  Brookdale  Lode,  or,  more  strictly,  the  Brookdale  end  of  the  Wheatley  Lode — for  every  indication  implies 
that  the  two  mines  are  situated  on  one  and  the  same  metalliferous  vein — has  been  already  sufficiently  described 
in  referring  to  the  features  of  the  whole  under  the  name  of  the  Wheatley  Lode.  There  would  seem  to  be  very  little 
room  to  doubt  that  this  assumed  continuity  of  the  vein  really  exists  ;  for  though  both  the  Wheatley  and  the  Brook- 
dale portions,  in  certain  sections  of  their  length,  deviate  considerably  from  the  direction  of  the  line  joining  the 
most  distant  shafts,  yet  the  vein  appears  to  return  again  to  this  general  average  course,  the  departures  being 
neither  very  wide  nor  long.  The  same  imdulation  in  its  course  is  noticeable  at  the  Brookdale  end  which  we 
witness  in  the  Wheatley  portion.  Though  the  actual  distance  on  the  lode  between  the  S.W.  end  of  the  present 
workings  in  the  Wheatley  Mine,  and  the  nearest  positively  proved  point  in  tlie  Brookdale  Mine,  is  about  1.308 
feet,  yet  the  coincidence  in  direction  in  the  surface  vein-stones,  and  in  the  ores,  and  all  their  accompaniments,  is 
so  striking  as  to  convince  every  attentive  observer  that  the  two  mines  are  seated  upon  one  and  the  same  lode. 
Eeferring  to  the  general  statements  given  in  the  preceding  sketch  of  the  geological  and  mineral  features  of  this 
vein,  and  its  relations  to  the  other  veins  of  the  district,  I  proceed  to  offer  a  few  notes  and  observations  respecting 
the  Brookdale  Mine. 

The  length  of  lode  opened  by  the  adit-level  is  about  456  feet,  but  there  are  decided  indications  on  the  surface 
along  the  course  of  it,  even  a  few  hundred  feet  beyond  the  point  at  which  the  adit  at  present  terminates,  that 
the  vein  still  continues.  The  lode  through  much  of  the  Brookdale  ground  or  sett,  outcrops  near  the  bed  of  the 
little  transverse  valley  which  descends  N.  from  a  range  of  higher  land ;  as  a  consequence,  the  adit-level  is  not 
deep  beneath  the  surface,  being  nowhere  lower  than  6  fathoms,  and,  on  an  average,  only  4  fathoms. 

In  this  adit-level,  the  lode  is  stained  with  spots  of  carbonate  and  phosphate  of  lead,  and  with  galena,  for  a 
length  of  about  400  feet,  or  within  some  60  feet  of  the  end  of  the  level.  The  gossans,  vein-stones,  and  ores  of 
the  Brookdale  Mine  are  identical  with  those  of  the  Wheatley,  and  it  exhibits  in  its  hanging  wall  precisely  the 
same  variety  of  soft  white  felspar  and  quartzose  granite  wluch  distinguished  the  same  wall  of  the  latter,  and 
which  I  have  so  very  often  noticed  to  be  the  accompaniment  of  our  richest  metalliferous  veins. 

Above  this  adit,  several  tons  of  marketable  ore  were  procured  at  no  greater  depth  than  some  20  feet ;  and 
below  this  level  the  vein  steadily  improves  in  richness  in  the  shaft. 

On  the  whole,  the  indications  of  a  productive  vein  in  the  lower  levels  of  this  mine  seem  encouraging  ;  but  to 
open  the  lode  satisfactorily,  a  powerfiil  pumping-engine  is  indispensable.  The  position  of  the  vein  so  near  the 
bed  of  a  ravine  will  render  this  mine  a  wet  one ;  and  although  the  present  excellent  engine  of  60-horse  power  will 
be  competent  to  the  drainage  of  the  first  iipper  levels,  it  can  never  graj^ple  with  the  burden  of  water  to  be  lifted 
when  the  workings  grow  deep  and  extensive. 
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MINEEAL  VEINS  AND  METALLIFEROUS  DEPOSITS  OF  THE  GXEISSIC  EEGIOX 
N.  OF  THE  CHESTER  COUNTY  VALLEY. 

GRANITIC  AND  TEAPPEAK  DYKES. 

Penetrating  tlie  gneiss  in  different  parts  of  the  district  are  manj'  injections  of  various  kinds  of  granite,  green- 
stone, and  augitic  trap,  and  other  trae  igneous  rocks.  Throughout  the  region  the  injections  of  granite  consist, 
for  the  most  part,  of  a  coarse  binary  mixture  of  white  opaque  felspar  and  quartz,  showing  a  tendency  to  decom- 
position. This  rock  occurs  in  nari'ow  dykes  with  nearly  parallel  walls,  and  in  ramifying  veins.  Sometimes 
these  cut  the  beds  of  gneiss  nearly  perpendicularly,  while,  in  other  instances,  they  partially  conform  to  its 
bedding,  or  die  out  in  more  or  less  tortuous  branches  among  its  contorted  layers.  A  somewhat  common  variety 
of  the  granite  consists  of  quartz,  greenish  semi-translucent  felspar,  and  a  small  proportion  of  dark  hornblende. 
These  white  felspathic  granites  seem  most  to  abound  in  the  S.  half  of  the  district,  where,  as  we  have  already  seen, 
the  prevailing  constitution  of  the  gneiss  approximates  to  that  of  the  dykes.  In  the  N.  half  of  the  region  we 
meet  vnth  a  relatively  greater  proportion  of  intmsive  rocks  containing  a  predominance  of  hornblende,  augite,  and 
the  minerals  wliich  usually  go  with  these  ;  and  it  is  worthy  of  note  that  in  this  quarter  the  stratified  crystalline 
rocks  themselves  include  a  commensurately  greater  amormt  of  the  same  minerals. 

PEEV AILING  DIRECTION  OF  THE  GRANITE  DYKES. 

Though  these  intmsive  rocks  observe  vaiious  directions,  their  prevailing  course  is  X.E.  and  S.W.,  or  still 
more  generally,  perhaps,  N.  55°  or  60°  E.,  and  theii'  dip,  where  not  perpendicular,  is,  for  the  most  part,  steeply 
towards  the  S.E. 

TRAP  DYKES. 

The  trapjiean  dykes  of  this  district  are  generally  narrow,  and  consist  for  the  most  part  of  a  closely  ciystal- 
line,  fine-grained,  bluisli,  horublendic  trap-rock.  They  ran  in  nearly  all  directions,  but  their  usual  course  is 
E.N.E.  and  W.S.W.  They  are  part,  in  fact,  of  that  extensive  system  of  trappean  injections  which  embraces  the 
whole  belt  of  country  S.  of  the  chain  of  the  South  Mountains  or  Higlilands  ;  or,  more  comprehensive  still,  includes, 
we  may  say,  the  entire  Atlantic  slope  from  New  England  to  the  Southern  States,  defining  this  as  bounded  on 
the  N.W.  by  the  chain  of  the  Green  Mountains  and  Hudson  Highlaiids,  the  South  Mountains  and  the  Blue 
Eidge. 

Small  trap-dykes  are  common  in  the  townships  of  Vincent  and  East  and  "West  Nantmeal.  The  two  high 
hills  near  Warwick's  furnace  consist  of  trap — the  largest  mass  of  this  rock  in  the  township. 

METALLIEEROUS  VEINS. 

Besides  the  above  classes  of  intrasive  rocks,  and  some  others,  too  few  and  local  to  be  referred  to  in  tliis 
place,  there  occur,  in  the  region  before  us,  several  interesting  injected  veins,  or  groups  of  veins,  of  metalliferous 
and  other  minerals.  Some  of  these  have  been  objects  of  mining  enterprise,  and  have  already  well  repaid  the 
investments  iipon  them,  w^hile  the  commercial  value  of  the  chief  number  yet  remains  to  be  tested. 

These  metallic  veins  are  distributed  in  two  principal  ueighboiirhoods  or  local  mining  districts,  distinguished 
from  each  other  by  important  general  differences  in  the  nature  of  the  metallic  ores  and  their  associated  minerals. 
One  of  these  districts  is  that  narrow  belt  of  the  g-neissic  rocks  which  hes  nearly  in  the  prolongation  of  the  Welsh 
Mountains  on  the  N.  branch  of  French  Creek.  The  predominant  metaUiferous  injections  are  veins  or  lodes  of 
magnetic  oxide  of  iron ;  but  other  mineral  lodes,  especially  one  or  two,  bearing  ores  of  copper  and  zinc,  likewise 
occirr  here.  I  will  here  introduce  the  following  brief  description  of  such  of  these  as  have  hitherto  been  explored 
or  mined. 

KNAUEETOWN  IRON  AND  COPPER  \TEINS. 

The  most  Eastern  or  first  vein  of  tliis  belt  which  meets  our  attention  is  that  of  Crossley's  iron-ore  pits,  about  one 
mile  X.  of  Knauerto^^•n.  These  pits  are  no  longer  wrought,  and  the  true  geological  character  of  the  vein  or  veins 
in  which  they  were  sunk  it  is  now  dilficult  to  ascertain,  inasmuch  as  they  are  abandoned,  and,  indeed,  were  never 
very  extensively  pursued.  Sufficient  indications  prevail,  however,  and  enough  information  is  accessible  in  the 
neighbourhood,  and  through  persons  at  one  time  commercially  interested  in  the  success  of  the  mines,  to  satisfy 
me  that  these  several  pits  all  pertain  to  an  irregidar  lode,  or  a  chain  of  closely-connected  lodes,  of  igneously-derived 
magnetic  oxide  of  iron.  This  vein  occurs  between  walls  of  gneiss  rock,  in  a  low  ridge  just  E.  of  the  X.  branch  of 
French  Creek.  Xear  the  extreme  Western  end  of  this  little  ridge,  the  ore,  when  uncovered  to  the  day,  presented  a 
mass  in  the  form  of  a  large  expansion  of  a  vena  of  several  feet  thickness ;  but  upon  sinking  the  mine  in  it,  tbis 
promising  body  of  ore  rapidly  thinned  down,  and  was  even  almost  exit  out  by  a  contraction  of  its  walls.  eU- 
formed  octahedral  crystals  of  the  magnetic  iron-ore  are  very  abundant  in  this  vein ;  and  indeed  this  variety  is 
rather  characteristic  of  the  iron  lodes  of  this  N.  belt  of  gneiss.    The  absence  of  regularity  in  the  vein,  and  the 
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necessity  of  providing  steam-power  for  the  deeper  prosecution  of  the  mine,  caused  its  suspension  some  years 
ago ;  but  it  is  not  improbable  that  it  will  be  resumed  at  a  future  day,  since  the  work  done  was  not  without 
encom-agement. 

ELIZABETH  COPPER  MINE. 

Immediately  adjoining  the  before-mentioned  vein  of  magnetic  ore  of  iron,  there  exists  a  very  interesting- 
mineral  vein,  known  sometimes  as  the  Knauertown  Copper  Lode,  or  that  upon  which  is  seated  the  Elizabeth  Copper- 
mine. This  injection,  likewise,  occurs  in  the  gneiss ;  but  a  granitic  vein,  composed  chiefly  of  felspar  and  augite, 
forms  its  actual  wall  on  the  S. ;  the  vein  itself,  observing  a  course  nearly  parallel  with  the  strike  of  the  strata  into 
which  it  has  been  injected,  consists  lai-gely  of  crystallised  calcareous  spar,  dispersed  through  which  occurs 
well-crystallised  oxide  of  iron,  and  many  brilliant  octahedral  crystals  of  the  sulphuret  of  iron,  and  likewise  some 
copper  pyrites.  The  copper  ore,  diffused  feebly  throughout  the  calcareous  spar,  is  most  abundant  next  the  N. 
wall  of  the  vein.  Measured  transversely  on  a  horizontal  line,  the  dip  being  steeply  N.,  the  width  of  this  whole 
vein  or  bed  of  spar  is  not  less  than  45  feet ;  an  engine-shaft  descends  upon  the  lode  a  depth  of  140  feet ;  and  there  is 
an  interior  underlay-shaft,  descending  from  the  bottom  of  the  main  shaft,  45  feet  deeper.  From  the  bottom  of  this 
latter  pit,  a  cross-cut  nms  S.  28  feet,  and  another  to  the  N.  22  feet ;  while  a  di-ift  has  been  carried  along  the  lode 
E.  a  distance  of  55  feet ;  and  this  is  the  present  extent  of  this  small  experimental  copper-mine,  the  active  prose- 
cution of  which  was  suspended  in  May  1854,  whether  to  be  resumed  or  not  I  cannot  say. 

It  deserves  to  be  here  noted  that  these  mineral  .veins  are  situated  a  short  distance  N.  of  a  very  thick  dyke, 
or  wide  belt  of  trap-rock,  which  extends  along  the  N.  side  of  the  narrow  tongue  of  middle  secondary  red  sandstone 
which  insulates  the  metalliferous  belt  of  gneiss  from  the  main  gneissic  region  S. 

steel's  ieon-oee  pits. 

The  next  metalliferous  vein  of  the  tract,  of  any  note  or  present  promise,  is  one  situated  about  half  a  mile 
N.  of  the  village  of  St  Mary's.  Tliis  has  not  been  wrought  for  many  years ;  and  very  little  precise  information 
is  derivable  respecting  it,  beyond  that  fm-nished  by  observation  of  the  old  surface-diggings,  and  by  vague 
tradition.  There  is  obviously  here  a  true  lode  or  vein  of  magnetic  iron-ore,  containing  much  of  the  octahedral 
variety.  A  wide  surface-pit  and  an  adit  suggest  that  the  ore  was  in  some  abundance  here,  and  such  is  the  tradi- 
tion of  the  neighbourhood ;  but  what  the  precise  geological  characters  of  the  vein  may  be,  or  what  promise  it 
may  have  held  out  of  some  day  proving  profitable,  there  are  no  sufScient  data  for  determining.  It  occurs  in 
gneiss,  a  little  N.  of  a  heavy  dyke  of  trap-rock,  and  seems  to  have  an  E.  and  W.  direction. 

HOPEWELL  FUENACE  OEE-PITS. 

Proceeding  Westward  along  tbis  strip  of  gneiss,  the  next  and  last  impoi-tant  mineral  injection  which  we  meet 
witli  is  that  of  the  iron  mines  of  Hopewell  Furnace.  These  are  situated  about  one  and  a  half  miles  N.W.  of  St 
Mary's,  or  the  Warwick  Iron  Mine,  and  near  the  N.  edge  of  the  belt  of  gneiss,  where  it  is  margined  by  a 
range  of  white  Primal  sandstone,  forming  a  spar  in  prolongation  of  the  Welsh  Mountains,  called  Thomas's  HiU. 
This  mine  has  been  wrought  for  very  many  years.  There  are  in  all  four  ore-pits  here,  only  two  of  which,  however, 
are  now  wrought :  both  of  the  new  pits,  or  those  at  present  worked,  are  drained  by  one  engine-shaft.  This  ore  is 
a  higlily  crystalline  variety  of  the  magnetic  oxide  of  iron,  presenting  many  specimens  of  beautiful  octahedral  crys- 
tals. The  ore  is  in  two  veins,  both  dipping  at  a  moderate  angle  of  about  30°  towards  the  N.W.  One 
of  these,  the  undermost,  varies  in  tliickness  from  15  to  25  feet ;  the  other  overlying  vein  bas  an  average 
thickness  of  some  7  feet.  A  thick  dyke  of  close-grained  grey  trap-rock  cuts  and  partially  shifts  the 
ore.  Its  course  is  about  S.E.  and  N.W.,  while  that  of  the  veins  of  iron  ore  is  N.  about  65°  E.,  or,  as  usual, 
nearer  E.  and  W.  than  the  trappean  dyke.  Unfortunately,  the  engine-shaft  has  been  sunk  thus  far  almost  entirely 
within  the  trap-rock,  a  mistake  entailing  great  delay  and  much  ininecessary  expense.  It  is  designed  to  intercept 
the  veins  or  beds  of  ore,  at  a  good  depth  below  the  surface,  in  their  dip  to  the  N.W. 

WAEWICK  IRON  MINES. 

To  avoid  dispersing  unnecessarily  our  descriptions  of  the  mineral  veins  and  ore  localities  connected  with  the 
gneissic  district,  we  will  pass  in  the  next  place  to  those  which  lie  contiguoias  to  the  insulated  belt  of  gneiss  on  the 
N.  border  of  the  region,  without  adhering  too  rigorously  to  principles  of  classification.  This  brings  us  to 
treat  of  two  or  three  localities  along  the  N.  margin  of  the  main  district  of  gneiss,  but  compels  us  to  intro- 
duce a  description  of  some  ores  and  minerals,  which,  though  in  some  respects  of  igneous  origin,  are  not  wholly  so. 
There  are,  however,  in  this  tract,  some  genuine  intrusive  lodes,  and  to  the  best  developed  and  chief  of  these  we 
will  proceed  first. 

LEIGHTON  IEON-OEE  MINE. 

A  little  south  of  the  -village  of  St  Mary's,  just  outside  of  the  margin  of  the  shallow  deposit  of  the  red  sand- 
stone, and  its  fringing  lower  layers  of  conglomerate,  is  situated  the  Leighton  Iron  Mine.    A  large  surface- 


708 


MINERALS  AND  ORES. 


excavation,  embracing  two  veins  of  igneous  magiietic  iron-ore  :  these  range  N.E.  and  S.W.,  and  to  the  at 
an  angle  of  about  33°.    The  overlying  vein,  when  first  opened  at  the  surface,  measm-ed  15  feet  transversely,  but, 

pur.sued  for  25  feet  below  the  water-level  towards  the  S.W.,  it  has  dwindled 
to  a  thickness  of  only  15  inches. 

The  other,  or  lower  vein,  distant  from  the  first  from  3  to  5  feet,  was 
10  feet  thick  at  the  surface,  and  declined  in  size  to  4  feet.     The  mining 
and  explorator^-  shafts  together  extend  along  the  vein  about  500  yards,  but 
the  actual  excavations  in  the  ore  do  not  cover  a  length  of  more  than  200  feet. 
Fig.  571.-Leighton-s  Iron  Mine,  Warwick,   The  dip  of  the  open  cut  in  the  Ore  is  about  40  feet. 

Chester  County.  From  this  mine  the  whole  quantity  of  ore  removed  before  its  abandon- 

ment was  about  20,000  tons. 
The  accompau}-ing  little  section  (Fig.  571)  illustrates  the  fonn  and  position  of  these  veins. 


WAEWICK  IRON-MINE  PKOPEE. 

This  extensive  and  interesting  body  of  iron  ore,  situated  just  S.E.  of  St  Maiy's  Episcopal  Church,  is  in  reaUty 
not  a  genuine  lode  or  igneous  intrusive  vein,  though  the  ore  derives  some  of  its  characters  from  intrasive  igneous 
action,  but  it  is  a  bed  or  deposit  at  the  base,  or  very  near  the  base,  of  the  middle  secoudaiy  red  sandstone,  which 
here  laps  upon  the  gneiss.  The  explored  extent  of  this  bed,  hitherto  penetrated  only  near  its  outcrop,  or  where 
the  overlying  strata  are  shallow,  is  already  very  great,  amoimting  to  many  acres.  The  ore-deposit  observes 
everywhere  a  very  gentle  dip,  and  seems  to  undulate  in  two  or  tlu-ee  waves  across  the  tract  which  includes  it.  A 
somewhat  conspicuous  anticlinal  change  in  the  dip  occurs  to  the  S.  and  S.W.  of  the  present  main  engine-shaft  by 
which  the  mines  are  dried,  and  there  is  every  indication  that  the  ore  basins  both  S.  and  N.  of  this  saddle.  Though 
the  basin  to  the  S.  of  it  is  intersected,  and  the  ore  in  one  place  cut  off  or  thrown  out  to  the  smface,  by  the  intru- 
sion of  a  wide  dyke  of  trap-rock,  theje  is  strong  reason  to  infer  that  the  ore  occupies  a  comparatively  wide, 
though  perhaps  shallow  basin,  N.  and  N.E.  of  the  engine-shaft. 

Besides  this  intnision  of  trap,  there  seem  to  exist  here  injections  of  serpentine  and  other  mineral  matters,  and 
at  one  point,  just  by  the  S.W.  margin  of  the  ore  bed,  there  exists  a  very  singular  intrusion  of  mineral  matter  pene- 
trating the  ore,  and  altering,  in  a  reinai'kable  manner,  the  conglomeritic  layers  which  here  constitute  the  S.E. 
border  of  the  red-sandstone  formation.  This  rock  is  gi-eatly  baked  and  changed  in  aspect,  includes  numerous 
spheroidal  bunches  of  segregated  crv'stalline  mineral  matters — some  of  them  in  the  fonn  of  hollow'  geodes — and  is 
intersected  besides  with  numerous  strings,  or  little  veins.  In  these  spheroidal  nests  occur  beautiful  linings  of 
crystallised  epidote  and  other  minerals,  and  bunches  of  large  crystals  of  the  fine  variety  of  garnet  called  Melenite. 
The  list  of  the  minerals  occurring  here  is  not  extensive.  The  conditions  under  which  they  present  themselves  are 
such  as  strongly  to  impress  the  geological  observer  with  the  notion  of  their  ha\'ing  been  introduced  chiefly  in  a 
vaporous  state,  or  by  sublimation,  for  in  many  of  these  hollow  spheroids  we  can  detect  no  connection  whatever 
between  tlie  interior  or  even  the  exterior  walls  of  the  geodes,  and  any  external  veins  or  filaments  of  injected 
matter,  such  as  any  other  theory  wotdd  demand,  for  the  introduction  of  the  materials  of  the  crystalline  minerals 
here  so  curiously  insulated. 

The  bed  of  iron  ore  for  which  this  locality  is  chiefly  noted  is  of  veiy  variable  thickness,  fluctuaring  from  1 
or  2  to  9  or  even  17  feet.  As  illustrating  tlie  general  levelness  of  this  undulating  deposit,  it  may  be  stated 
that  in  no  place  has  it  been  required  to  sink  deejier  than  about  60  feet  to  reach  the  ore,  while  generally 
the  covering  is  so  thin  that  the  ore  is  conveniently  procured  by  merely  stripping  off  a  thickness  of  a  few  feet 
or  yards  of  loose  disintegrated  rock.  The  average  richness  of  this-ore  may  be  stated  at  about  forty-five  per  cent 
of  metallic  iron,  though  much  of  it  exceeds  fifty  per  cent.  It  is  somewhat  sidphurous,  and  when  care  is  not  em- 
j:)loyed  in  selecting  it  for  smelting,  and  in  the  after-processes,  it  tends  to  produce  a  hot-short  or  red-short  iron,  but 

when  carefully  manufactured  it  yields  an  excel- 
lent metal.  The  annual  product  of  the  War- 
,  wick  Iron  Mines  for  fifteen  years  was  not  less 
than  4000  tons,  and  the  average  yield  for  the 
past  twenty  years  has  been  6000  tons.  In 
the  year  1853  the  amount  mined  reached 
12,000  tons.  These  ore-pits  have  been  wrought 
Fig.  572. — Ore  Ground  at  St  Mai7's,  Old  Warwick  Pits,  Chester  Countj-.  for  the  last  120  vears,  and  there  would  seem 

to  be  at  present  really  more  ore  witliin  sight 
than  there  has  ever  been  before,  at  any  one  time.  The  present  average  cost  of  mining  this  ore  is  about  one  dollar 
and  fifty  cents  per  ton. 

Annexed  is  a  little  section — not  the  result  of  any  critical  measurements,  however — of  this  valuable  and 
interesting  mass  of  iron  ore. 

Tliis  ore  is  intemiediate  in  its  physical  characters  and  aspect  between  the  tnie  bro\\-n  hfematite  and  the  mag- 
netic oxide  of  iron.  As,  on  tlie  view  of  its  having  been  originally  a  haematite,  but  subsequently  altered  by  igneous 
action,  we  might  naturally  anticipate,  those  portions  of  it  which  have  undergone  the  highest  degree  of  metamorphic 
influence  are  of  a  grey  colour,  quite  crystalline,  and  partially  endowed  with  magnetic  force,  whereas  the  less 
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altei-ed  parts  are  nearly  in  the  condition  of  a  compact  closely-cemented  haematite.  Minutely  interstratified  with  this 
ore,  there  occurs  more  or  less  earthy  matter,  apparently  lamina  of  indurated  slate  or  shale  ;  and  wlien  the  layers  of 
this  rock  are  thick,  and  they  disperse  the  ore,  they  interfere  materially  with  the  economical  prosecution  of  the  mine. 
This  slaty  or  earthy  matter  tends  furthermore,  by  intimately  mixing  itself  in  with  the  finer  granular  ore,  seriously 
to  reduce  the  richness  of  the  mingled  mass  in  iron. 

KNAUERTOWN  IRON  MINE. 

A  little  N.  of  Knauertown,  just  on  the  S.  margin  of  the  tongue  of  red  sandstone  which  there  divides  the  N. 
belt  of  gneiss  from  the  principal  district  of  that  rock,  there  occurs  a  small  deposit  of  iron  ore  precisely  identical 
in  geological  position  with  that  of  the  Warwick  Mines,  and  very  similar  to  it  in  aspect.  A  few  shafts  have  been 
sunk  in  quest  of  this  ore,  under  the  hope  that  it  might  prove  abundant  enough  to  be  a  source  of  profit,  but  no 
sufficiently  large  deposit  has  been  reached  to  justify  anticipations  or  encourage  any  further  mining.  The  indica- 
tions of  igneous  action,  though  not  entirely  wanting  here,  betray  much  less  of  the  subterranean  energy  than  was 
manifested  in  connection  with  the  ore  at  the  old  Warwick  Mines. 

OTHER  MINERAL  VEINS  IN  THE  NORTHERN  GNEISSIC  DISTRICT. 

Near  the  junction  of  Beaver  Creek  with  French  Creek,  or  a  short  distance  to  the  S.W.  of  Pughtown,  there  is 
a  vein  of  impure  plumbago  on  the  farm  of  Jesse  Hawley.  It  occurs  between  beds  of  gneiss,  is  about  3  feet  in 
thickness,  and  dips  with  the  strata  to  the  S.E.  about  45°.  The  plumbago  is  pulverulent,  and  mixed  somewhat  with 
foreign  matters,  especially  oxide  of  iron,  oxide  of  manganese,  and  some  of  the  minerals  of  the  gneiss,  in  a  state  of 
disintegration.  The  excavation  exposing  it  is  a  very  superficial  one,  being  merely  a  drift,  of  the  length  of  a  few 
fathoms,  penetrating  the  vein  at  the  water-level.  After  being  mined,  the  material  is  broken,  screened,  and  washed, 
when  it  is  packed  and  sent  to  West  Chester,  there  to  be  converted  into  a  fireproof  mineral  jjaint  for  railroad  cars, 
houses,  bams,  and  other  structures.  This  paint  is  prepared  dry,  and  also  ground  in  oil.  It  has  been  found  very 
useful  in  resisting  atmospheric  exposure,  though  it  has  been  employed  as  yet  to  a  very  limited  extent 

OLD  COPPER  MINE,  ON  COPPER  MINE  RUN,  IN  BATH  TOWNSHIP,  IN  LANCASTER  COUNTY. 

A  mineral  locality  of  some  note,  but  of  small  mining  interest  at  present,  is  that  of  the  Old  Copjjer  Mine  in 
Lancaster  County,  on  the  N.  maigin  of  the  long  narrow  belt  of  gneiss,  at  the  S.  foot  of  the  Muie  Ridge.  The 
vein  here,  of  the  ancient  workings  of  which  very  little  is  at  present  known,  contains  iron  pyrites,  copper  pyrites, 
and  a  sulphurate  of  iron,  and  nickel. 

This  copper  mine  was  originally  opened  for  copper,  but  very  little  ore  of  this  metal  has  ever  been  extracted. 
The  lode  ranges  nearly  E.  and  W.,  and  its  ascertained  length  is  about  60  yards,  though  probably  it  is  actually 
greater.  The  vein  is  nearly  perpendicular,  dipping  ver_y  steeply  to  the  S.  On  its  N.  side  tlie  wall  is  a  fine-grained 
trap-rock  ;  on  its  S.  side  a  crystalline  hornblende.  The  lode  itself  is  from  10  to  12  feet  thick.  There  are 
two  levels,  one  about  10  fathoms,  and  the  other  17  fathoms,  below  the  surface,  but  the  ore  is  not  reached 
until  about  7  fathoms  are  gained.  This  ore  is  very  poor  in  copper,  not  yielding  more  than  from  three  and  a 
half  to  four  and  a  half  per  cent,  but  the  mine  seems  to  promise  somewhat  better  as  it  advances.  The  ore  is  con- 
veyed to  Canton,  New  Jersey,  to  be  smelted  there,  though  very  little  has  yet  been  taken. 


LOCALITIES  OF  WELL-CHARACTERISED  CRYSTALLINE  MINERALS  WITHIN  THE 
GNEISSIC  DISTRICTS  OF  PENNSYLVANIA. 

The  following  lists  of  well-defined  mineral  species,  suitable  for  cabinet  specimens,  ranged  under  the  locali- 
ties where  they  can  be  found,  have  been  derived  chiefly  from  the  latest  edition  of  Professor  James  D.  Dana's 
excellent  Sijstem  of  Mineralogy^  to  the  descriptive  text  of  which  work  I  miist  refer  the  reader  for  more  copious 
information  respecting  the  minuter  characters  of  the  minerals,  and  their  precise  positions.  The  memoranda  were 
mostly  furnished,  as  Professor  Dana  states,  by  Messrs  Williams  and  Seal,  of  Chester  County,  two  well-informed 
local  mineralogists,  who  have  explored  the  mineral  neighbourhoods  of  Southern  Pennsylvania  with  much  zeal  and 
care.  We  desire  here  to  return  them  our  own  thanks  for  useful  notes  guiding  us  to  the  places,  and  the  mineral 
species  mentioned. 

The  catalogue  of  Easton  minerals  is  due  chiefly  to  Dr  Swift  of  that  town,  while  other  memoranda,  relating  to 
other  places  outside  of  Chester  and  Delaware  counties,  are  the  results  of  our  own  personal  observations. 

MINERALS  IN  THE  SOUTHERN  GNEISSIC  DISTRICT. 

Philadelphia. — In  the  Southern  range  of  true  gneiss,  laumonite,  garnet,  tourmaline,  and  mica,  occur  on  the 
Schuylkill,  near  the  foot  of  the  old  inclined  plane  ;  and  yellow  iiranite,  a  fourth  of  a  mile  from  the  Suspension  Bridge. 
In  the  same  belt,  at  Frankford,  occur  garnet,  staurotide,  and  iron  pyrites. 
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Delaware  County. — Witliin  tlio  S.  range  of  the  gneiss  are  to  be  found,  in 

Asto7i  Township,  near  Village  Green,  amethyst,  corundum,  emerylite,  staurotide,  sillimanite,  black  tourmaline, 
pearl  mica,  asbestos,  anthophylUte  ;  and  near  Tyson's  mill,  garnet  and  staurotide ;  and  at  head  of  Peter's  mill-dam 
in  a  brook,  garnet,  resembling  pyrope. 

Birmingham  Township. — At  Bullock's  quariy,  zircon,  bucholzite,  fibrolite,  nacrite. 

Chester  Township. — Amethyst,  black  tourmaline ;  in  Burk's  quarry,  beryl,  black  tourmaline,  felspar,  man- 
ganesian  garnet,  and  cryst.  pyrites ;  on  Chester  Creek,  at  Carter's,  molybdenite,  molybdic  ochre,  copper  pyrites, 
tourmaline,  kaolin  ;  at  Little's  quarry,  brown  garnets,  tourmaline ;  and  near  Henvi's  quarries,  amethyst  in  geodes. 

Chichester  Township. — Near  Trainer's  mill-dam,  beryl,  tourmcdine,  cryst  felspar,  kaolin ;  and  on  W.  EjTe's 
farm,  tourmaline. 

Concord  Township. — On  Queen's  Creek,  garnets,  resembling  pyrope,  bucholzite,  mica,  in  hexagonal  prisms, 
beryl,  actinolite,  agthophyllite,  fbrolite,  rutile,  in  capillary  crystals  in  the  cavities  of  cellular  rose  quartz. 
Darby  Township. — In  a  boulder,  kyanite,  zoisite  ;  and  near  Gibbon's,  garnets,  staurotide. 

Leiperville. —  Beryl,  in  granite;  in  Leiper's  quarries,  beryl,  tourmaline,  apatite,  garnet,  cryst.  felspar, 
mica  ;  at  Morris's  Ferry,  kyanite,  sillimanite,  apatite,  red  garnet,  and  mica  ;  at  Hill's  quarries,  chabazite,  stilbite, 
zeolite,  epidote,  sphene,  albite,  calcite,  cryst.  pyrites ;  near  Leiper's  church,  on  the  edge  of  a  wood,  andaluzite, 
apatite,  tourmaVme,  mica,  and  grey  kyanite. 

Springfield  Township. — Andalusite  ;  on  WoiTell's  farm,  tourmaline,  beryl,  ilmenite  (?)  garnets  ;  on  Fell's  Laurel 
Hill,  beryl,  garnet;  near  Beatty's  mill,  staurotide  apatite  ;  near  Lewis's  paper-mill,  tourmaline,  mica. 

Chester  County. — The  only  localities  in  this  county,  belonging  seemingly  to  the  true  gneiss  formation,  are 
as  follows  : — 

Pennsburg  Township. — Broivn  garnets ;  on  Cloud's  farm,  near  Pennsville,  mica,  in  hexagonal  prisms,  from 
one  quarter  to  seven  inches  in  diameter 

Kennet  Township. — On  Gregg's  farm,  actinolite,  brown  tourmaline,  brown  mica,  epidote,  tremolite,  scapolite, 
arragonite  ;  at  Peirce's  paper-mill,  zoisite,  epidote,  sunstone,  chabazite,  stilbite,  labradorite ;  on  E.  Lambome's  farm, 
chabazite  in  small  brownish-yellow  crystals  (rare),  and  zeolite  ;  and  at  Gauss's  corner,  epidote. 

Goshen  Township. — At  water- works,  zoisite  ;  at  Jeffrey's  Ford,  zircon. 

MINERALS  IN  THE  MIDDLE  GNEISSIC  DISTRICT  OCCURRING  IN  THE  GENUINE  OR  OLDER  GNEISS. 

Wheatley  Lead  Mine,  near  Phoenixville. — The  Wheatley  Lode  is  the  best  developed,  richest,  and  most  abun- 
dant in  crystalline  minerals  of  the  group  of  veins  to  which  it  belongs.  A  list  of  its  ores  and  minerals  has  been 
already  given. 

Chester  County  Lead  Mine,  adjoining  the  Wheatley  Mines. — Allophane. 

Gap  Mine,  near  Mine  Eidge. — Magnetic  pyrites,  containing  nickel,  copper  pyrites,  actinolite. 

Knauertown,  N.  of  Pughtown. — Graphite,  sphene,  cryst.  magnetic  iron  ;  in  Chrismard's  iron-mine,  zircon. 

Keim's  Iron  Mine,  near  Knauertown. — Flos-ferri,  pyroxene,  micaceous  iron-ore,  aplome,  actinolite,  yellow  octahe- 
dral pyrites,  copper  pyrites  in  tetrahedrons,  red  garnet,  malachite,  hornblende  (var.  byssollite). 

Steel's  Iron  Mine,  half  a  mile  N.  of  village  of  St  Mary's. — Magnetic  iron-ore  in  octahedral  ciystals,  micaceous 
iron  ore,  coccolite. 

Hopewell  Furnace  Iron  Mine. — Beautiful  specimens  of  octahedral  crystals  of  magnetic  oxide  of  iron. 

South  Coventry  Township. — On  farm  of  Jesse  Hawley,  near  junction  of  Beaver  and  French  Creek,  plumbago. 

MINERALS  OP  THE  NORTHERN  GNEISSIC  DISTKICT,  OR  OF  THE  SOUTH  MOUNTAINS  AND  THEIR  SPURS 

BETWEEN  THE  DELAWARE  AND  SCHUYLKILL. 

The  genuine  gneissic  rocks  of  this  range  include  but  few  mineral  localities  ;  the  interesting  points  near 
Easton  from  whence  so  many  beautiful  cabinet  specimens  have  been  derived,  belong  to  the  Primal  slate  and 
Auroral  limestone  formations,  and  their  contents  will  be  mentioned  under  these  heads,  in  their  proper  places,  later 
in  this  chapter. 

Chestnut  Hill,  N.  of  Easton,  consisting  of  gneiss,  but  flanked  by  higher  formations,  contains  several  crystal- 
line minerals  already  mentioned  in  the  text,  some  of  which  belong  to  its  gneissic  rocks. 

Near  Bethlehem,  but  in  the  South  Mountain,  there  occur,  in  a  sienitic  gneiss,  allanite,  magnetite,  epidote,  brown 
garnet,  black  spinel,  and  tourmaline.    In  the  same  range,  near  Allentoivn,  occurs  magnetic  iron-ore. 

MINERALS  OF  THE  METAMORRHIC  PRIMAL  STRATA,  AND  OF  THE  MIDDLE  RANGE  OF  THE  SOUTHERN 
GNEISSIC  DISTKICT,  POSSIBLY  THE  SAME  FORMATION  UNDER  MORE  EXTREME  METAMOEPHIS:>L 

Philadelphia,  Mica- slate  range : — 

Chestnut  Hill. — Mica,  serpentine,  dolomite,  asbestos,  nephrite,  talc,  tourmaline,  sphene,  apatite,  tremolite. 
Germantown. — Mica,  apatite,  felspar,  beryl,  garriet. 
Banks  of  Wissahickon. — Actinolite,  garnet,  staurotide. 


MINERALS  OF  METAMORPHIC  PRIMAL  STRATA. 
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Manayunh  Tunnel. — Stilbite,  chahazite. 

Delaware  County  : — Marple  Township. — Tourmaline  ;  on  A.  Worrell's  farm,  andalusite,  tourmaline  ;  near 
Palmer's  mills,  beryl,  tourmaline,  actinolite,  amethyst. 

Edgemont  Township. — Rutile  in  quartz,  amethyst,  oxide,  manganese,  cryst.  felspar. 

Mineral  Hill. — Corundum,  aventurine,  felspar  (sunstone),  chatoyant  felspar  (moonstone),  actinolite,  green  cocco- 
lite,  green  felspar,  chromic  iron,  cryst.  green  quartz,  ferruginous  quartz,  hydrous  asbestos,  anthophyllite,  brown 
garnet,  magnesite,  marmolite,  bronzite,  chalcedony,  limonite,  labradorite,  Jloatstone,  red  garnet,  beryl,  serpentine. 

Providence  Township. — At  Blue  Hill,  serpentine,  cryst.  green  quartz  in  green  talc,  asbestos,  talc,  anthophyllite, 
actinolite,  hydrous  anthophyllite ;  on  Hunter's  farm,  amethyst  (one  fine  crystal  weiglied  more  than  7  pounds), 
andalusite. 

Chester  County  : — Birmingham  Township. — Kerolite,  amethyst,  quartz,  serpentine. 
East  Marlborough  Toivnship, — Epidote,  and  nearly  white  tourmaline. 
West  Chester,  3  miles  S.  of  town. — Clinochlore,  phlogopite. 

ALTERED  PRIMAL  SLATES. 

Montgomery  County  : — at  Gulf  Mills. — Limonite,  garnets,  chromic  iron. 

Delaware  County'  : — Radnor. — Garnets,  marmolite,  deweylite,  serpentine,  chromic  iron,  asbestos,  magnesite. 
Chester  County: — WilUstown  Township. — Magnetic  iron,  chromic  iron,  actinolite. 

West  Goshen  Township. — Amianthus,  asbestos,  precious  serpentine,  cellular  quartz,  jasper,  chalcedony,  drusy  quartz, 
chlorite,  marmolite,  dolomite,  cryst.  carb.  magnesia,  chromic  iron,  magnetic  iron. 

West  Chester,  1^  miles  N.  of  town. — Hydro-magnesite,  clinochlore,  Irucite  in  serpentine ;  2  miles  W.,  zircon;  1^ 
miles  N.W.,  pitch-black  allanite. 

Unionville  vicinity,  1^  miles  N.E.  on  Serpentine  Barrens. — Corundum  massive  and  cryst.  in  albite,  also 
loose  on  surface,  sometimes  coated  with  gibbsite  and  steatite  ;  talc,  green  tourmaline,  asbestos,  hydrate  of  magnesia, 
yellow  beryl  (rare),  serjjentine,  brucite,  magnetic  ii^on,  octahedral  iron,  chromic  iron,  hydrated  oxide  of  nickel  on  chrome, 
quartz  crystals,  green  quartz,  actinolite,  chlorite,  picrolite,  clinochlore  in  cryst.  diallage,  granular  albite,  adularia, 
oligoclase,  halloysite,  margarite,  euphyllite,  allanite,  hematite,  chalcedony,  cornelian,  jasper,  pechkohlite  ;  half  a  mile 
S.W.  on  Webb's  farm,  serpentine,  chromic  iron  ;  2  miles  S.W.,  at  Pusey's  sawmill,  zircon,  rutile  ;  1  mile  S.,  bright 
yellow  and  nearly  white  tourmaline,  orthoclase  [chesterlite),  albite;  near  Marlborough  Meeting-house,  epidote,  serpen- 
tine, acicular  black  tourmaline,  in  white  quartz  ;  1  mile  W.,  near  Logan's  quarry,  staurotide,  kyanite,  yellow  tourmaline. 

East  Bradford  Township. —  On  Minorcus  Hill,  green,  blue,  and  grey  kyanite,  apatite,  allanite ;  on  Taylor's 
farm,  sphcne,  cryst.  smoky  quartz ;  on  farms  of  Jones,  Price,  Sharpless,  and  Entriken,  amethyst ;  near  Strode's 
mill,  fine  talc,  asbestos,  magnesite,  marmolite,  garnets,  lithomarge ;  near  Hooper's  sawmill,  epidote,  asbestos ;  on 
Osborne's  Hill,  sphene,  manganesian  garnet,  wad,  tourmaline,  actinolite,  anthophyllite,  felspar,  fetid  calcite  ;  near  Black 
Horse  Inn,  rutile. 

Chester  and  Lancaster  Serpentine  Barrens,  near  the  State  line. — The  Serpentine  belt  and  its  borders 
contain,  at  Scott's  Chrome  Mine  : — Chromic  iron,  foliated  talc,  marmolite,  serpentine,  and  chalcedony. 

Near  Texas,  at  Wood's  Chrome  Mine  : — Emerald-nickel,  jjennite,  kcemmererite,  millerite,  baltimorite,  chromic  iron, 
marmolite,  picrolite,  hydro-magnesite,  brucite  dolomite,  cryst.  magnesite,  calcite,  serpentine ;  at  Low's  Mine, 
hydro-magnesite,  brucite,  j)icrolite,  magnesite,  chromic  iron,  talc,  emerald-nickel,  serpentine,  baltimorite:  on  Boice's 
Farm,  N.  of  village,  in  soil,  cryst.  pyrites,  anthophyllite,  marmolite,  magnesite ;  near  Rock  Spring,  chalcedony, 
cornelian,  moss  agate,  green  tourmaline  in  talc,  titanic  iron,  cryst.  magnetic  iron  in  chlorite ;  at  Reynolds'  Mine, 
calcite,  talc,  picrolite. 

Parkesburg. — In  Primal  white  sandstone  of  N.  and  S.  valley  hills,  much  black  tourmaline,  often  in  dislocated 
crystals  ;  in  soil  for  7  miles  along  S.  edge  of  valley,  rutile. 
Little  Brittain  Township. — Anthophyllite. 

The  metamorphic  Primal  strata  embrace  several  important  very  extensive  deposits  of  brown  iron-ore,  in 
some  of  which  there  occur  magnetic  oxide  of  iron,  and  even  perfect  crystals  of  the  octahedral  form.  The  chief 
part  of  these  accumulations  of  half  hsematitic,  half  magnetic  ore,  belong  either  to  the  very  upper  portion  of  the 
upper  Primal  slate  formation  adjoining  the  base  of  the  Auroral  limestone — that  is,  to  the  first  alternating  lime- 
stone and  slate  beds  constituting  the  transition  from  the  one  series  to  the  other  ;  or  to  the  very  base  of  the  upper 
Primal  slate,  where  it  re'Sts  on  the  Primal  white  sandstone.  The  Cornwall  ore  occurs  high  in  the  Primal  slate ; 
that  of  Jones's  mine  in  Berks  County,  in  this  slate,  just  below  its  contact  with  the  limestone  ;  some  of  the  dejjosits 
of  Safe  Harbour  on  the  same  horizon ;  others  rather  lower  down,  more  nearly  on  the  horizon  of  the  Cornwall 
ore  ;  while  the  great  Chestnut  Hill  deposit  is  at  the  very  base  of  this  upper  Primal  slate,  where  it  reposes  on 
the  Primal  white  sandstone. 

Berks  County. — At  .Jones's  Mine,  near  Morgantown,  green  malachite!  cerusite,  chrysocolla!  octahedral  and 
dodicahedral  magnetic  iron,  iron  pyrites,  copper  pyrites. 

York  County. — Calc  spar ;  cryst.  smoky  quartz  ;  cryst.  pyrites  ;  in  Peachbottom  slate-quarries,  u-avellitc. 

Northampton  County'  : — Easton. — Quartz  (large  crystals) ;  augite  (at  the  Bushkill,  Chestnut  Hill) ;  zircon 
(in  talcose  slate  at  Larrich's,  Chestnut  Hill)  ;  also  plumose  mica. 
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LOCALITIES  OF  MINERALS  ASSOCIATED  WITH  THE  AURORAL  LIMESTONE. 

SOUTHERN   METAMOEPHIC  DISTRICT. 

Bucks  County. — Near  Atileboro\  at  Vanartsdalen's  limestone  quarry,  sahlite,  scapoUte,  sphene,  green  coccolite, 
graphite,  green  mica,  tabular  spar,  rutile,  actinolite,  augite. 

Chester  County  : — Pennsbury  Township. — At  Harvey's  limestone  quarry  on  the  Brandywine,  chondrodite  ;  at 
Burnett's  lime  quarries,  sphene,  diopside,  augite,  coccolite  ;  at  Mendenhall's  quarry,  carb.  strontia ;  at  Brinton's  mill 
on  Brandywine  Creek,  chondrodite. 

New  Garden  Township. — At  Nevia's  limestone  quarry,  brown  tourmaline,  scapolite,  brown  and  green  mica, 
rutile,  arragonite,  kaolin. 

London  Grove  Township. — In  Jackson's  limestone  quarr}^,  yellow  tourmaline  [v&re),  Jibrous  tremolite  ;  at  Pusey's 
quarry,  rutile,  tremolite. 

West  Bradford  Township. — Near  A.  Jackson's  limestone  quarry,  green  kyanite,  rutile,  scapolite,  iron  pyrites  ; 
near  Marshall's  mill,  chromic  iron,  serpentine ;  at  Poorhouse  limestone  quarry,  rutile,  in  brilhant  crystals,  cryst. 
calc.  spar,  cryst.  dolomite,  zoisite  :  on  quartz,  talc  (cryst.  or  dolomite),  chesterlite  (in  fine  crystals  on  dolomite). 

Unionville  Vicinity. — Two  and  a  half  miles  S.W.  of  Unionville,  in  Bailey's  limestone  quarry,  fibrous  tremolite, 
mussite,  kyanite,  margarodite ;  on  farm  of  Bailey  and  Brothers,  yellow,  green,  and  ivhite  tourmaline,  chesterlite ;  at 
Ed  ward's  limestone  quarry,  purple  fluorspar,  rutile ;  in  limestone  quarries  near  Doe  Eiver  village,  scapolite,  rutile, 
tremolite.  In  this  range  of  limestone  quarries,  extending  from  near  the  Red  Lion  Tavern  South  -  westward, 
parallel  with  and  S.  of  the  street  road,  occur  rutile,  yellow  tourmaline,  tremolite,  chesterlite,  Sfc. 

Montgomery  and  Chester  Valley,  in  Auroral  limestone. — At  Henderson's  marble  quarry,  calc  spar ;  one 
mile  N.,  on  railroad,  cryst.  quartz  in  geodes ;  at  Spring  Mills,  cacoxene,  lepidokrokite,  and  spathic  iron  ;  5  miles 
W.  of  Penningtonville,  near  Bear  Tavern,  in  crystallised  limestone,  rutile  and  bitter  spar. 

MIDDLE  METAMORPHIC  DISTRICT. 

Lancaster  County  : — Pecqua  Valley. — Eight  miles  S.  of  Lancaster,  argentiferous  galena  (250  to  300  ounces 
of  silver  to  the  ton) ;  4  miles  N.W.  of  Lancaster,  on  railroad,  calamine,  galena,  blende. 

Chester  County  : — East  Nantmeal  Township. — S.W.  of  Chrissman's  Ford,  graphite,  augite,  sphene. 

NORTHERN  METAMORPHIC  DISTRICT,  OR  SOUTH  MOUNTAINS. 

Lehigh  County. — In  Saucon  Valley,  near  FriedensviUe,  occur  calamine  (promises  to  be  a  valuable  mine), 
lanthanite,  crystallised  quartz,  malachite,  pyrolusite  (wad). 

Northampton  County. — Hill  N.  of  Easton,  cellular  quartz  (pseudomorphous),  pyroxene,  coccolite,  green 
augite,  sahlite  (opposite  the  Spring,  Jersey  side),  ivhitc  fibrous  tremolite,  lead-coloured  tremolite,  glassy  tremolite, 
actinolite,  radiated  actinolite,  glassy  actinolite,  asbestos,  nephrite,  jade,  reddish  jade,  chondrodite  (opposite  ^Volf  s 
quarry,  on  Jersey  side  of  river),  mica,  silvery  mica,  saussurite,  green  talc,  tourmaline,  serpentine  (cryst.),  serpentine 
with  carb.  lime  (a  kind  of  verde- antique)  ;  at  Spring,  chlorite,  catamite,  limonite,  magnetic  iron,  flesh-coloured 
carb.  lime,  flbrous  and  rhombic  carb.  lime,  magnesian  carb.  lime. 


ON  THE  IRON  ORES  OF  THE  GNEISSIC  AND  PALEOZOIC  FORMATIONS  OF 

PENNSYLVANIA. 

INTRODUCTORY  REMARKS. 

Few  tracts  of  the  earth's  surface  contain,  in  proportion  to  their  area,  so  abundant  a  supply  of  the  ores  of  iron 
as  the  State  of  Pennsylvania.  There  are  particular  localities  in  other  regions  where,  perhaps,  the  quantity  oi 
iron  ore  is  even  larger  than  in  any  of  the  yet  discovered  deposits  of  this  State,  extensive  as  many  of  these  are ; 
but  it  is  doubtful  if  any  territory  of  its  size  possesses  as  enormous  an  aggregate  amount  of  this  form  of  mineral 
wealth  in  a  position  so  accessible  to  the  different  kinds  of  fuel  essential  to  its  conversion  to  human  use.  The 
variety  in  the  composition  of  these  ores  is  not  less  remarkable  than  their  amazing  quantity  ;  nearly  every  species 
employed  for  making  iron  being  met  with,  and  in  some  districts  many  kinds  in  a  single  neighbourhood.  Their 
great  diversity  in  chemical  constitution  and  properties  is  of  itself  an  advantage  to  the  iron  manufacture  of  the 
State  not  easily  to  be  estimated.  Taken  in  connection  with  a  no  less  extraordinary  variety  in  the  fuel,  embracing 
almost  every  known  description  of  fossil  coal  and  charcoal,  it  enables  the  iron- smelters  of  Pennsylvania,  by  the  use 
of  judicious  mixtures,  and  the  application  of  suitable  fuel,  to  produce  nearly  every  description  of  iron  acceptable 
in  commerce. 
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This  very  encouraging  feature  in  the  picture  of  the  vast  mineral  wealth  of  the  State  is  intimately  connected 
with  the  enormous  variety  and  wide  distribution  of  the  Palajozoic  strata,  and  with  the  remarkable  structure  already 
elaborately  explained,  by  wliich  many  different  formations  are  brought  together  in  the  same  districts  in  numerous 
narrow  outcrops.  It  is  primarily  dependent  on  these  two  circumstances — first,  that  much  ferruginous  matter 
entered  originally  into  the  composition  of  several  of  our  great  Appalachian  rocks  ;  and  secondly,  that  the  subse- 
quent changes  of  upheaval  to  the  surface,  and  the  chemical  action  upon  these  rocks,  have  brought  the  iron  of  each 
formation  within  reach  in  many  successive  parallel  belts.  If  we  regard  the  positions  which  the  different  iron  ores 
occupy  in  the  thick  and  diversified  strata  of  this  region,  we  perceive  that,  from  the  ancient  metamorpliic  groups 
to  the  coal-rocks  inclusive,  almost  every  great  series  of  deposits  contains  one  or  more  special  kinds  of  ore.  In 
tlie  gneissic  or  metamorpliic  series  we  meet  with  both  the  crystalline  magnetic  iron-ore  and  the  brown  peroxide. 
The  Primal  newer  slate,  and  Auroral  magnesian  limestone,  have  each  their  own  special  varieties  of  the  liEematitic 
ores.  The  Levant  series  embraces  a  stratified  fossiliferous  ore  of  great  extent  and  importance.  There  is  a 
hfematitic  ore  pecidiar  to  the  horizon  of  the  Pre-meridian  strata,  and  low  in  the  Cadent  series  there  occurs  a  form 
of  ore  unlike  any  belonging  to  tlie  other  formations.  Near  the  base  of  the  Ponent  rocks  we  find  a  stratified  and 
fossiliferous  iron-ore  essentially  different  in  qualities  and  appearance  from  that  of  the  Levant  group ;  and  in  tlie 
Vespertine  red  shale  a  peculiar  nodular  ore  occurs,  occupying  its  own  definite  level  in  the  formation,  and  visible 
along  a  very  extended  line  of  outcrop.  Lastly,  the  various  subdivisions  of  our  vast  coad- formation  yield  their 
own  special  sub-varieties,  sharing  certain  common  properties,  yet  differing  both  externally  and  in  their  chemical 
nature. 

I  propose  to  offer,  in  this  division  of  my  work,  some  general  remarks  upon  the  geological  and  chemical 
relations  of  the  ores  of  each  iron-bearing  formation,  with  a  few  practical  siiggestions  and  calculations  ;  and  to 
accompany  each  such  genei-al  sketch  with  a  series  of  analyses  sufficiently  numerous  to  disj^lay  the  characteristic 
properties  and  relative  richness  in  iron  of  particular  varieties,  and  to  append  some  condensed  comparative  statistics 
tending  to  show  the  present  and  future  growth  of  the  already  vast  and  important  iron-manufacture  of  Pennsylvania 
and  other  regions. 


CHAPTER  I. 

OF  THE  IRON  ORES  OF  THE  METAMORPHIC  OR  GNEISSIC  ROCKS. 

Two  principal  varieties  of  iron  ore  occur  in  association  with  the  gneiss  rocks  of  the  South-eastern  district  of 
the  State.  These  are  the  crystalline-magnetic  ores,  and  the  brown  or  hfematitic-peroxide  ores.  The  chief 
localities  of  the  first  are  in  the  N.  belt,  or  that  of  the  South  Mountains  between  the  Delaware  and  Schuylkill, 
while  the  greater  number  of  those  of  the  latter  species  are  in  the  S.  tract, 

MAGNETIC  IRON-ORE,  OR  OXIDULATED  IRON. 

This  ore  of  iron,  in  its  purest  form,  consists  of  two  atomic  proportions  of  the  peroxide  of  iron  and  one  of  the 
protoxide,  and  therefore  contains  nearly  73  per  cent  of  metallic  iron.  It  is,  however,  seldom  absolutely  free  from 
admixture  of  other  crystalline  minerals,  the  presence  of  some  of  which  materially  influence  its  value  as  a  source 
of  iron.  It  is  strongly  magnetic,  attracting  soft  iron  and  the  magnet,  and  many  masses  of  it  are  endowed  with 
true  magnetic  polarity,  or  are  themselves  native  magnets.  The  minerals  most  generally  interspersed  among  the 
crystalline  oxides  of  iron  are  hornblende,  felspar,  quartz,  sahlite,  and  apatite.  Another  ore  of  iron  is  not 
unfrequently  associated  with  it — this  is  the  chromiferons  iron-ore,  a  combination  of  oxide  of  chromine  with  peroxide 
of  iron  and  alumina.  In  the  Serpentine  belts  of  Chester  and  the  Southern  part  of  Lancaster  counties,  the  chro- 
miferous  iron-ore  is  somewhat  abundant,  and,  as  I  have  stated,  is  mined  in  several  localities,  being  chiefly 
transported  to  Baltimore,  where  it  is  applied  to  the  manufacture  of  chrome-paints.  The  magnetic  iron-ore  occurs 
ordy  in  the  form  of  tine  veins  of  injection  or  genuine  mineral  lodes.  Its  veins  very  generally  coincide  ajiproxi- 
mately  in  direction  and  inclination  with  the  crystalline  strata,  between  the  layers  of  which  they  lie ;  yet  this 
conformity  is  only  partial,  for  when  they  are  traced  with  close  attention,  they  are  occasionally  found  to  intersect 
the  strata  for  a  short  distance,  and  then  resume  their  parallelism.  These  iron  ores  evidently  reached  the  positions 
in  which  we  thus  find  them  while  in  a  melted  state,  their  intrusion  being  the  resiilt  of  an  enormous  subterraneous 
force,  rupturing  the  earth's  ciiist  in  the  direction  of  the  strata,  or  in  the  planes  of  weakest  cohesion,  and  pressing 
the  liquid  ore  and  other  fused  mineral  matters  into  the  open  fissures.  Where  the  rent  has  been  at  all  irregular 
or  splintery,  the  vein  wliich  fiUed  it  is  interrupted  or  uneven,  being  in  some  places  pinched  to  very  narrow 
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dimensions  by  the  approximation  of  its  walls,  in  others  dilating  by  their  recession,  and  in  many  aases  being 
split  into  two  or  more  parallel  branches  by  the  insertion  of  a  wedge-shaped  portion  of  one  or  other  wall.  The 
vems  incline  at  all  angles  between  45°  and  the  perpendicular. 

As  a  general  rule,  the  lodes  of  magnetic  iron-ore  of  the  chain  of  the  Highlands,  tracing  them  fi-om  the 
Schuylkill  to  the  Delaware,  and  then  across  New  Jersey  and  New  York,  give  evidence,  in  the  nature  and  mode 
of  distribution  of  the  included  crystalline  minerals,  of  their  having  in  many  cases  derived  at  least  a  portion  of 
these  from  the  fusion  of  the  inaterials  of  the  walls  of  the  fissure  into  which  the  intensely -heated  ore  has  flowed. 
It  is  indeed  a  very  common  fact  that  the  foreign  minerals  in  the  ore  are  precisely  such  as  would  be  produced  by 
the  melting  and  re-crystallising  of  the  rocky  matter  in  contact  with  the  vein.  I  may  mention,  as  worthy  of  record 
in  this  place,  a  general  fact  of  some  scientific  and  much  practical  value,  in  relation  to  the  relative  position  of  the 
oxide  of  iron  and  the  non-metallic  minerals  in  the  same  vein.  Where  the  vein  or  dyke  is  large,  and  contains 
much  extraneous  mineral  matter,  this  latter,  if  the  inclination  is  not  very  steep  or  perpendicular,  forms  a  separate 
division  in  the  vein,  and  almost  invariably  rests  upon  the  ore  ;  but  where,  on  the  other  hand,  the  dip  is  nearh'' 
vertical,  the  earthy  minerals  and  the  ore  are  more  intimately  mingled,  or  the  respective  masses  of  each  intersect, 
or  enclose  each  other  irregularly. 

The  origin  of  these  different  conditions  of  insulation  of  the  materials  is  very  obvious.  The  oxide  of  iron, 
while  the  whole  mass  of  the  vein  was  yet  in  a  state  of  fusion  and  very  fluid,  would  necessarily,  from  its  greater 
relative  weight,  follow  the  lower  wall  of  the  fissure  as  it  flowed  to  the  surface,  while  the  much  lighter  earthy 
minerals  would  float,  as  it  were,  upon  the  upper  side  of  the  ore,  taking  the  position  with  respect  to  the  latter  of 
its  scoria  or  cinder.  This  would  arise  wherever  the  slope  of  the  fissure  was  sufiicient  to  give  the  force  of  gravity 
much  control  in  the  distribution  of  the  materials ;  but  in  all  cases  of  a  pei-pendicular  vein  there  woidd  be  no 
tendency  in  the  heavier  metallic  portion  to  collect  on  one  side  rather  than  on  another,  and  therefore  it  and  the 
lighter  mass  would  mingle  more  promiscuously.  I  first  detected  these  phenomena  among  the  magnetic  veins  of 
Orange  County,  New  York,  where  the  ore  is  often  accompanied  by  much  white  felspathic  granite,  the  product 
apparently  of  the  fusion  of  the  felspathic  gneiss  of  its  walls ;  and  I  have  become  confirmed  in  my  impression  of 
their  generality  by  an  extensive  study  of  the  veins  of  iron  ore  of  the  entire  chain  of  the  Higlilands,  from  the 
E.  side  of  New  York  to  the  Eiver  Schuylkill,  and  of  many  of  the  great  magnetic  dykes  of  the  W.  side  of  Lake 
Champlain. 

There  are  many  veins  which  are  not  accompanied  by  any  separate  body  of  granitic  matter,  but  contain  the 
felspar,  hornblende,  or  other  minerals  in  much  abundance,  disseminated  through  the  ore.  These  we  may  imagine 
to  have  acquired  their  solid  state,  at  least  in  the  portions  near  the  surface,  where  alone  we  can  observe  them,  fi'om 
a  condition  of  imperfect  fluidity,  like  that  of  the  already  half-chiUed  lava  of  some  volcanic  eruptions  which  would 
effectually  prevent  the  separation  of  the  heavier  fi-om  the  lighter  constituents.  Such  are  some  of  the  gneissoid 
iron  veins  of  the  South  Mountains  E.  of  the  Schuylkill.  The  Long  Mine  on  the  Sterling  estate,  4  miles  E.  of  the 
Eamajjo,  in  New  York,  is  a  good  example  of  the  characteristic  featm-es  of  these  lodes  of  magnetic  oxide  of  iron : 
it  displays  the  outcrop  of  two  veins,  each  reposing  directly  upon  gneiss,  and  covered  by  a  thick  vein,  or  rather 
division  of  the  same  vein,  consisting  of  coarse  white  felspathic  granite. 

The  mode  of  mining  those  veins,  where  the  dip  is  not  excessively  steep,  is  to  leave  numerous  staunch 
pillars  of  the  ore,  and  to  remove  by  blasting  that  which  inter^^enes.  A  partially  columnar  structure,  or  cleavage, 
is  sometimes  visible  as  in  the  principal  veia  of  the  Sterling  Long  Mme,  dividing  the  ore  perpendicularly,  or  nearly 
so,  to  the  surfaces  which  confine  it.  It  greatly  facilitates  the  operations  of  the  miner.  This  structm-e,  so  analogous 
to  that  of  many  basaltic  and  other  igneous  dykes,  is  by  no  means  infrequent  in  the  large  veins  of  magnetic  iron- 
ore,  and  indicates  a  slow  and  gradual  crystallisation  from  a  state  of  fluidity. 

Of  the  practical  utility  of  the  general  fact  which  I  have  now  annoimced  respecting  the  frequent  presence  of 
some  form  of  granite  or  unstratified  rock,  and  the  almost  invariably  overlying  position  which  it  occupies,  one  or 
two  simple  illustrations  may  be  interesting.  The  first  intimation  usually  procured  of  proximity  to  a  vein  of 
magnetic  iron-ore  is  by  the  local  disturbance  it  produces  in  the  magnetic  compass  ;  but  as  the  indications  of  the 
position  of  the  veia  derived  from  this  instrument  are  frequently  very  vague  and  pei-plexing,  it  is  of  the  greatest 
A-alue  to  have  some  independent  geological  clue  to  its  situation.  Such,  approximately  at  least,  may  be  foimd  in 
the  usually  conspicuous  granitic  outcrop  of  the  upper  half  of  the  vein.  When  this  is  accompanied  by  a  strong- 
disturbing  action  upon  the  magnetic  needle,  we  may  infer,  with  a  high  degree  of  probabihty,  that  a  metalliferous 
vein,  large  or  small,  lies  immediately  in  contact  with  and  below  the  dyke,  and  it  is  then  only  necessary  to 
ascertain,  from  an  inspection  of  the  dip  and  direction  of  the  adjoining  gneiss,  the  lower  edge  of  the  granitic  dyke, 
to  have  all  the  data  requisite  for  finding  the  outcrop  of  the  ore  with  very  considerable  certainty. 

But  this  knowledge  of  the  inferior  position  of  the  ore  to  the  unstratified  rock  accompanying  it,  I  have  found 
useful  in  another  way.  It  can  be  applied  to  tracing  or  recovering  a  vein  of  the  ore  thus  overlaid  by  a  mass  of 
granite  which  has  suddenly  eluded  the  miner  through  the  effect  of  some  transverse  fault  or  dislocation.  Where 
the  displacement,  as  usual,  is  to  the  extent  of  only  a  few  yards,  it  is  very  obvious  that,  if  the  fault  be  an  upthrow, 
the  gneiss  upon  which  the  ore-vein  rests  will  constitute  the  wall ;  whereas,  if  it  be  a  downthrow,  the  granitic  roof 
will  lie  athwart  the  oiiginal  course  of  the  vein. 
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The  following  is  a  si;fficiently  minute  description  of  the  magnetic  igneous  veins  and  iron  mines  of  this 
formation  : — 

]\IETALLIFEEOUS  VEINS  OF  THE  SOUTH  MOUNTAINS. 

IRON  ORES  OP  THE  GNEISS. 

The  gneissic  belt  contains  in  several  places  veins  of  magnetic  oxide  of  iron.  These  occur  as  regular  lodes  or 
veins,  penetrating  the  gneiss  and  other  rocks  almost  invariably  in  a  direction  coincident  with  the  bearing  of  the 
strata.  They  might  be  taken,  therefore,  for  interpolated  beds,  but  for  the  occurrence  of  occasional  branches  and 
other  irregularities  which  establish  their  intrusive  origin.  They  agree  in  all  their  featm-es  with  the  larger  and 
more  numerous  veins  in  the  Highlands  of  New  Jersey  and  New  York.  ^ 

IRON  MINES  OF  THE  LEHIGH  HILL. 

Beginning  with  the  part  of  the  belt  next  the  Delaware,  the  first  vein  we  encounter  is  upon  the  Lehigh  liill, 
about  2i  miles  S.  of  Easton,  a  few  rods  N.W.  of  the  old  Philadelphia  Koad.  The  rock  here  is  a  mixture  of  qi:artz 
and  felspar,  with  occasionally  a  little  epidote.  On  the  S.  side  of  the  ridge  the  strata  are  talcose.  The  vein  of 
magnetic  iron-ore  lies  in  contact  with  a  sienitio  dyke,  consisting  largely  of  green  sahlite.  Tliis  vein  was  formerly 
mined,  but  the  work  has  been  long  since  abandoned.    The  ore,  wliich  is  very  compact,  appears  to  have  a  N.W.  dip. 

DURHAM  IRON-MINE. 

Another  somewhat  noted  locality  is  that  of  the  old  Durham  iron-mine,  which  is  on  the  top  of  the  hill  S.  of 
Durham  Creek,  on  the  old  Philadelphia  Eoad.    This  mine  has  been  neglected  for  many  years. 

Near  Durham  iron-works,  and  not  far  from  the  creek,  there  is  a  valuable  vein  of  magnetic  iron-ore,  discovered 
a  few  years  since,  and  now  wrought  for  the  furnaces.  This  lode  varies  in  thickness  from  2  to  14  feet,  averaging 
about  6  feet.  Its  total  length  has  not  been  ascertained,  but  up  to  the  summer  of  1856  a  gangway  had  been 
driven  along  it  for  850  feet.  It  ranges  N.E.  and  S.W.,  and  dips  45°.  The  ore  is  pronounced  rich  and  excellent. 
Within  a  few  hundred  feet  of  this  lode  there  is  a  deposit  of  rich  ha;matitic  ore,  thought  to  be  derived  from  it. 

On  the  Northernmost  of  the  two  gneiss  hills  E.  of  the  Saucon,  and  about  a  mile  N.E.  of  HeUertown,  a  vein 
of  magnetic  iron-ore  shows  itself  in  several  places,  though  the  quantity  of  ore  here  is  probably  not  great.  It  is 
much  mixed  with  quartz,  though  we  obtained  some  tolerably  pure  specimens.  A  sienitic  dyke,  composed  chiefly 
of  sahlite  and  hornblende,  accompanies  the  ore,  and  seems  to  have  been  the  chief  object  of  attention  to  those  who 
have  undertaken  mining  here. 

Fragments  of  magnetic  iron-ore  occur  in  many  places  on  the  surface  of  the  bold  hill  of  crystalline  rocks 
S.  of  the  Lehigh,  at  Bethlehem,  where  some  search  has  been  made  for  it  by  digging.  South-west  of  Shimersville, 
near  the  E.  end  of  the  same  ridge,  a  vein  of  gi-een  sahlite,  which  has  been  mistaken  for  iron  ore,  shows  itself  near 
the  summit  of  a  hill.  Close  to  this  spot,  some  true  iron-ore  was  found  by  us,  the  source  of  which  is 
probably  a  little  N.  of  the  sahlite.  Ejjidote,  mixed  with  iron  ore,  also  occurs  here.  Farther  W.,  near  the 
summit  of  the  same  ridge,  magnetic  iron-ore  in  a  talcose  rock  is  visible,  near  Shuber's,  3  miles  from  Bethlehem ; 
it  has  not  been  dug  for.  The  same  variety  of  ore,  of  excellent  quality,  is  foimd  on  the  surface,  near  the  top  of 
the  N.  gneissic  ridge  S.  of  Allentown,  at  a  spot  a  little  W.  of  the  Pliiladelphia  Road.  A  less  magnetic  variety 
is  met  with  on  the  N.  slope  of  the  hill,  a  mile  to  the  E.  of  the  road.  Farther  to  the  S.W.,  the  magnetic  iron-ore 
shows  itself  in  the  hill  3  miles  S.E.  from  Metztown,  the  spot  being  a  little  W.  of  the  Philadelphia  Eoad.  It  is 
on  the  S.  side  of  the  second  gneiss  ridge  from  the  N.  The  ore  occurs  in  three  regular  veins,  dipping  with  the 
adjoining  strata  at  an  angle  of  50°  to  the  S.S.E.  The  S.  vein  is  about  1^  feet  thick ;  N.  of  it  occurs  a  stratum 
of  rock  (gneiss),  8  feet  across,  in  contact  with  which  is  the  middle  vein,  separated  near  its  outcrop  into  two 
branches,  which  at  a  little  depth  unite  into  one  vein ;  this  is  bounded  on  the  N.  by  a  stratum  of  rock  about 
4  feet  in  thickness,  and  directly  in  contact  with  this  is  the  third  or  N.  vein,  having  a  thickness  of  2  feet.  The 
rock  which  encloses  these  several  veins  is  a  coarse  regularly-stratified  gneiss,  a  mixture  cliiefly  of  quartz  and 
felspar. 

MOUNT  PLEASANT  IRON-MINES. 

Some  miles  to  the  S.  of  the  above  locality,  magnetic  iron-ore  occurs  on  the  border  of  Colebrookdale  and 
Hereford  townships,  in  the  Mount  Pleasant  iron-mines.  In  the  N.E.  excavation  the  ore  occurs  between  sienitic 
rocks,  and  is  itself  a  mixture  of  rotten  sienite  and  magnetic  oxide.  It  is  worked  open  to  the  air  in  a  chift  10  or 
12  feet  wide,  ranging  E.  of  N.  The  dip  here  is  65°,  and  a  little  S.  of  E.  The  quality  of  the  ore  is  variable.  A 
few  hundred  yards  more  to  the  S.W.  is  another  mine  ;  it  includes  two  large  excavations,  pursuing  apparently  a 
regular  vein  or  bed  parallel  with  the  strata.  Two  other  excavations  occur  about  200  yards  W.  of  S.  from  these. 
Here  the  bed  has  a  nearly  E.  and  W.  direction,  and  may  probably  be  the  same  which  contains  the  mines  just 
previously  spoken  of  This  ore,  more  compact  than  that  of  the  other  mines,  is  stated  to  have  made  a  rather 
red-short  iron. 
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The  next  locality  of  importance  is  the  old  iron-mine  belonging  to  Oley  Furnace,  nearly  2  miles  N.W.  from 
Friedensburg.  At  this  spot  the  ore  was  dug  from  immediately  under  an  outcrop  of  the  Primal  sandstone,  the 
digging  running  parallel  with  it  for  more  than  100  yards,  and  being  18  or  20  feet  deep,  and  8  or  10  feet  wide. 
Tliis  mine,  now  abandoned,  furnished  us  some  specimens  from  the  side-wall  of  the  excavation ;  these  are 
argillaceous  and  laminated,  and  of  a  purplish-red  colour.  A  shaft  unites  the  main  excavation  with  another  nearly 
under  the  tirst,  having  about  the  same  direction,  but  descending  more  perpendicularly.  This  latter  mine  is  from 
3  to  5  feet  wide  ;  the  wall  is  of  metamorphic'  rock,  chiefly  felspathic  and  honiblendic  gneiss,  but  sometimes 
entirely  micaceous,  and  it  contains,  in  certain  places,  magnetic  and  micaceous  iron-ore.  'J!he  rocks  passed  through 
in  a  tunnel  are  gneiss,  sienite,  hornblende,  and  micaceous  slates. 

On  Pine  Creek,  in  Pike  Township,  some  diggings  have  been  made  for  ore,  about  half  a  mile  S.E.  from 
Lobach's  mill.  The  ore  has  the  aspect  of  a  talcose  slate,  charged  with  the  oxide  of  iron ;  it  has  a  laminated  or 
rather  a  fibrous  structure.  There  are  several  extensive  mines  at  Boyerstown  wrought  chiefly  by  Reeves,  Buck, 
and  Company.  The  ore  vein  varies  in  thickness  from  a  few  inches  to  20  feet.  It  resembles  that  of  the  Roudenbush 
and  other  mines  near  Reading.    It  dips  S.,  and  ranges  E.  and  W.    It  has  been  wrought  by  shaft  and  slope. 

Near  Pricetown,  on  Rauzbaun's  farm,  an  old  pit  or  shallow  shaft  has  been  reopened.  The  ore  is  highly 
magnetic,  and  of  an  excellent  quality,  but  the  vein  is  not  a  promising  one,  being  only  a  few  inches  tlrick. 

At  Roads's,  nearly  2  miles  E.  of  Pricetown,  there  is  a  vein  of  superior  magnetic  iron-ore,  said  to  be 
between  5  and  6  feet  thick.    Its  dip  is  perpendicular. 

In  Alsace  Township,  a  vein  of  the  ore  has  been  opened  2^  miles  S.  of  the  canal.  This  vein  occurs  in  gneiss 
rock,  and  is  double,  being  divided  by  a  wedge  of  granite,  or  granitoid  gneiss.  The  strata  dip  S.  80°,  and  the  vein 
has  the  same  inclination.  The  whole  thickness  of  the  vein  is  about  8  feet,  but  the  good  ore  measures  only  4  feet, 
and  this  is  in  two  veins  of  2  feet  each,  the  rest  of  the  ore  being  very  inferior. 

penn's  mount  gee-vein. 

In  the  district  we  are  now  describing,  though  not  strictly  within  the  gneiss  itself,  there  is  an  important 
vein  of  igneous  iron-ore,  which  has  been  wrought  for  some  years.  It  is  opened  on  Penn's  Mount,  about  half  a 
mile  E.  of  Reading. 

The  vein  apparently  is  injected  conformably  to  the  bedding  of  the  Primal  white  sandstone,  and  the  ore  is 
not  accompanied  by  any  bounding  wall  of  igneous  rock,  but  is  in  immediate  contact  with  the  sandstone  itself. 
The  latter  rock  disintegrates  quickly  on  exposure  to  the  atmosphere,  and  develops  innumerable  small  grains  of 
hornblende,  which  speckle  the  yellowish-grey  sand.  The  ore-vein  ranges  from  the  Reading  Fair  ground,  a  little 
S.  of  E.,  dipping  45"  S.  Its  thickness  is  seldom  less  than  18  inches,  and  has  been  as  great  as  28  feet.  Under 
this  enla,rgement  it  does  not  appear  to  suffer  in  quality.  The  ore  itself  is  of  the  granitoid  variety,  highly  crystal- 
line, containing  quartz  and  felsjjar,  especially  the  latter,  in  great  abundance  :  hornblende  and  apatite  enter  also 
into  its  composition. 

The  vein  has  been  wi-ought  at  its  surface,  outcropping  in  the  Reading  Fair  ground,  and  for  one-third  of  a  mile 
E.,  by  Eckert  and  Brotlier,  the  Phoenixville  Iron  Company,  and  others,  on  the  lands  of  Mr  Oakley  and  B.  Davis. 
The  principal  mine  is  the  vertical  shaft  of  Eckert  and  Brother  :  this  is  sunk  142  feet  to  the  level  of  a  tumiel, 
which  is  cut  N.  28  feet  through  rotten  sandstone  to  the  top  of  the  vein.  From  this  tunnel  the  vein  is  followed  by 
a  gangway  30  feet  E.  and  115  feet  W.  The  ore  is  worked  along  the  foot- wall  rising  towards  the  surface,  the 
hanging  wall  or  roof  being  supported  by  timbers.  The  length  of  breast  to  the  old  surface-level  workings  is 
72  feet.  The  ore  from  this  old  level  was  obtained  to  a  depth  of  82  feet.  The  Phoenixville  Company  are  now 
obtaining  their  ore  from  a  surfiice-level  and  whin-shaft  E.  of  Eekert's  Mine.  In  Eckert's  old  level,  100  feet  W. 
of  the  whim-shaft,  the  vein  split,  but  the  north  branch  vein  thinned  away  in  100  feet. 

The  Island  Mine,  situated  on  an  island  in  the  Schuylkill,  one  mile  below  Reading,  has  been  wrought  by 
Eckert,  Syfert,  and  Company,  but  is  now,  perhaps  temporarily,  abandoned.  The  vein  dips  about  40°  N.W.  It  is 
overlaid  by  dense  brecciated  limestone,  locally  known  as  "  all  sorts"  limestone.  Tliis  is,  no  doubt,  the  Mesozoic 
conglomerate,  which  appears  in  the  opposite  bank  of  the  river  in  situ.  The  N.W.  dip  of  this  rock  has  no  doubt 
regulated  the  dip  of  the  injected  material.  The  under- rock  of  the  vein  we  do  not  certainly  know,  but  from  the 
specimens  seen,  it  appears  to  be  an  impure  silicious  limestone,  or  that  usually  termed  "bastard."  The  surface 
of  the  island  is  strewn  with  igneous  rocks,  but  we  are  informed  that  none  are  found  in  contact  with  the  vein. 

The  iron-ore  vein,  which  is  in  thickness  from  a  few  inches  to  15  feet,  is  a  heavy,  fine-grained  slate-blue  rock, 
containing  lime  in  its  constitution,  and  decomposing  rapidly  on  exposure  to  the  atmosphere.  When  decomposing, 
it  assumes  a  deep  sea-green  colour,  and  develops  copperas  on  the  surface,  from  the  sulphuret  of  iron  in  the  ore. 
In  some  specimens  the  pyrites  have  so  much  the  aspect  of  sulplmret  of  copper  that  chemical  evidence  is  required 
to  correct  the  impression. 

A  slope  has  been  sunk  upon  the  vein  90  feet  below  the  surface,  and,  28  feet  above  its  foot,  gangways  are 
driven  along  the  vein  20  feet  towards  the  N.E.,  and  250  feet  S.W. 

About  half  a  mile  W.  of  the  preceding  is  the  Roudenbush  Mine,  which,  we  are  informed,  yields  its  proprietors 
at  the  Phcenixville  furnaces  5000  tons  of  ore  per  annum. 
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The  vein  ranges  a  little  N.  of  E.  Its  foot-wall  is  white  metamorphic  limestone,  or  marble,  and  its  hanging- 
wall,  or  roof,  a  dull  sea-green  serpentine-like  rock,  which  on  exposure  soon  crumbles  down  like  ordinary  sliale. 

The  vein,  dipping  36°  S.,  is  followed  by  a  slope  280  feet  beneath  the  surface.  At  the  bottom,  gangways  are 
driven  200  feet  W.,  and  400  feet  E.,  to  a  fault  cutting  out  the  vein.  A  higher  level,  160  feet  from  the  surface,  is 
driven  300  feet  E.    The  ore  is  now  taken  from  this  level. 

Like  all  others,  this  vein  is  exceedingly  variable  ;  while  wholly  or  almost  entirely  absent  in  some  places,  in 
others  it  has  been  found  30  feet  thick.    Its  average  bulk  will  not  exceed  12  feet. 

The  gangue-stone  of  the  ore  is  a  light-blue  rotten  limestone,  from  which  the  ore  is  scarcely  distinguishable, 
except  by  its  greater  weight  and  deeper  tint.  Of  the  entire  ground  wrought,  about  one-half  the  material  is 
sufficiently  rich  in  iron  for  the  furnace  ;  the  remaining  rubbish  is  used  as  stopping  in  the  old  workings. 

The  Wheatjield  Mining  Company  have  opened  a  series  of  veins  about  5  miles  W.  of  that  last  described.  At 
this  locality  there  are  already  proved  about  ten  veins  of  igneous  ore,  ranging  N.  and  S.,  and  all  included  within  a 
transverse  distance  of  150  feet.  The  maximum  thickness  attained  by  any  one  of  these  veins  is  8  feet.  They  are 
opened  from  the  surface  over  an  irregular  area  to  a  depth  of  about  40  feet,  and  have  been  followed  along  the 
outcrop  from  50  to  110  feet.  Tliey  occupy  loose  unstratified  ground,  including  igneous  rocks,  to  the  depth  at  which 
they  have  been  mined  ;  and  below  that,  as  theyare  included  in  the  beds  of  the  Mesozoic  conglomerate,  they  become 
pyritous,  and  are  not  wrought. 

The  ore  is  similar  in  general  aspect  to  that  of  the  two  last-described  mines.  It  frequently  encloses  fine 
crystals  of  calc-spar. 

A  narrow  vaUey  separates  these  veins  as  far  as  they  have  been  traced  N.  from  an  E.  and  W.  vein,  which  is 
worked  by  a  slope.  This  vein  dips  30°  S.  It  is  rinderlaid  by  a  foot- wall  of  trap,  and  overlaid  by  white  crystalline 
marble.  The  thickness  ranges  between  2  and  12  feet.  There  is  a  strong  admixture  of  lime  in  the  ore.  The 
slope  is  sunk  78  feet,  and  a  gangway  is  driven  110  feet  E. 

In  the  range  of  the  E.  and  W.  vein  of  the  Wheatfield  Company,  but  a  fourth  of  a  mile  farther  W.,  is  situated 
the  Henry  Ruth  Mine.  The  vein,  which  is,  in  all  probability,  the  same,  having  similar  walls  both  above  and  below, 
dips  25°  S.,  and  has  exceeded  15  feet  in  thickness.  The  slope  upon  it  is  120  feet  long,  and  gangways  are  driven 
45  feet  W.  and  60  feet  E.    It  has  been  also  wrought  at  the  surface  outcrop. 

An  analysis  of  some  of  the  ores  of  the  gneiss,  including  a  few  of  those  of  the  South  Mountain  range,  is  here 
appended. 


ANALYSIS  OF  IRON  ORES  OF  THE  GNEISSIC  ROCKS  OF  PENNSYLVANIA. 


Perox- 

Proto.t- 

Alumi- 
na. 

Mag- 

Titanic 

Metallic 

Localities. 

ide  of 

ide  of 

Silica. 

Lime. 

Potash. 

and 

Water. 

Iron  in 

Description  of  the  Ores. 

Iron. 

Iron. 

nesia. 

other  acids. 

100  parts. 

Near  Isabella  Furnace,  Ches- 
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CHAPTER  II. 

IRON  ORES  OF  THE  PRIMAL  SERIES. 

The  slates  of  the  Primal  series,  especially  the  upper  Primal  slate,  yield  two  classes  of  iron  ore:  one,  a  very  ferru- 
ginous variety  of  the  rock  itself,  under  conditions  of  more  or  less  metamorphism ;  the  other,  aclass  of  rich  brown  hsema- 
titic  iron-ore  of  superficial  formation.  To  the  first  class  belong  the  valuable  and  noted  mines  of  Cornwall,  in  Lebanon 
Coiinty,  the  Jones  Mine  in  Berks,  and  partially  the  Chestnut  Hill  Mine  near  Columbia,  and  some  of  the  ore  diggings 
near  Safe  Harbour.  At  all  of  these  localities  the  ore  apjaears  to  be  an  original  constituent  of  the  Primal  slate,  but  to 
have  undergone  a  more  or  less  degree  of  segregation  from  the  substance  of  the  rock  by  some  agency  connected  with 
the  metamorphism  of  the  stratum.  In  many  parts  of  the  mass  the  oxide  of  iron  is  in  a  crystalline  condition,  dis- 
persed in  small  specks  throughout  the  other  mineral  constituents  of  the  rock,  which  retains  all  its  original  features 
of  stratification,  and  which  resembles  very  much  a  mica-slate,  or  other  metamorjAic  schist.  This  highly-altered 
feiTuginous  form  of  the  rock  is  also  in  many  instances  subdivided  by  innumerable  cleavage-fissures,  the  effect  of 
which  has  been  to  change  the  semi-crystalline  magnetic  iron-ore  to  the  ordinary  brown  peroxide  or  limonite  by 
the  copious  admission  of  the  surface  waters  and  atmosphere  into  the  body  of  the  rock.  In  some  spots,  long 
exposed  to  abundant  soakage  tkrough  the  cleavage-cracks,  the  iron  ore  is  not  only  thus  changed,  but  is  actually 
collected  into  the  deep  narrow  clefts  of  the  rock  worn  by  the  percolation  of  the  waters  in  the  direction  of  the 
cleavage,  so  that  in  a  cross  section  of  the  mine  we  may  witness  the  curious 
anomaly  of  the  ribbon  structure  or  laminte  of  stratification  dipping  one  way, 
and  the  plates  or  veins  of  the  accumulated  iron-ore,  and  its  associated  clay, 
dipping  independently  at  a  steep  intersecting  angle. 

The  annexed  little  cut  (Fig.  573)  exhibits  a  sjoiclinal  basin  of  the  Primal 
slate  thus  percolated  with  ore  to  a  certain  distance  fi-om  the  surface  in  the 
direction  of  the  cleavage-fissures. 

An  illustration  of  this  mode  of  accumulation  of  the  iron  ore  in  the  clefts 
connected  with  cleavage  has  been  already  furnished  in  Volume  I.,  })age  218,  where  a  section  is  shown  of  the 
Eathfon  Ore-bank,  near  Safe  Harbour  (see  fig.  27),  the  only  difference  being,  that  the  rock  is  the  Auroral  mag- 
nesian  limestone,  interstratified  with  talcoid  slate,  and  not  the  Primal  slate  itself. 

The  other  kind  of  ore  derived  from  the  Primal  slates  is  the  hydrated  brown  peroxide  deposited  upon  the 
surface  of  the  formation  from  the  ferniginous  loamy  matter  derived  from  the  complete  disintegration  of  the  slaty 
rock.  Nearly  all  the  large  deposits  of  the  formation  contain  a  greater  or  less  proportion  of  this  species  of  ore,  and 
some  of  them  consist  of  it  almost  exclusively.  In  the  extensive  open  cutting  called  the  Chestnut  Hill  Ore-bank, 
near  Columbia,  of  which  a  description  has  already  been  given  (Vol.  L,  p.  182),  much  ore  is  seen  to  pervade  the 
lower  layers  of  the  altered  Primal  slate,  while  a  large  and  dense  body  of  the  peroxide  of  iron  has  been  accumu- 
lated at  the  very  base  of  the  formation,  by  a  downward  soaking  of  the  surface-water  collecting  and  concreting  the 
ore  in  a  dense  and  thick  stratum  or  rude  mass  upon  an  impervious  floor  of  close-grained  Primal  white  sandstone. 

The  following  circumstantial  description  of  the  iron  mines  at  Cornwall,  Lebanon  Countj^,  shows  the  several 
phases  under  which  both  classes  of  the  Primal  ores,  the  segregated  semi-crj'stalline  and  the  concreted  hrematitic 
varieties,  prevail. 

At  this  locality  the  actions  collecting  the  oxide  of  iron  into  its  present  conditions  have  been  somewhat  com- 
plicated. The  fermginous  Primal  slate  has  been  metamorphosed,  and  its  oxide  of  iron  segregated  and  crystallised 
through  the  influence  probably  of  highly-heated  volcanic  steam,  and  the  same  influence  has  produced  a  very 
general  cleavage-stracture.  During  the  same  action,  or  subsequently,  numerous  injections  of  molten  hot  lava, 
resulting  in  dykes  of  trap-rock,  have  invaded  the  stratum,  and  have  still  further  changed  the  condition  of  the  mass, 
infusing  among  it,  probably  by  sublimation,  some  trappean  mineral  matter,  and  especially  some  sulphuret  and 
cai'bonate  of  copper ;  and  since  these  subterranean  influences,  the  atmosphere,  through  its  rains,  has  exerted 
itself  through  countless  ages  to  modify  still  further  the  chemical  and  physical  conditions  of  tlie  shattered  and 
fissured  mass,  and  its  contained  oxide  of  iron. 

CORNWALL  IRON-MINES. 

This  great  iron-ore  deposit,  by  far  the  most  extensive,  and  one  of  the  most  interesting  in  the  State,  is 
situated  at  the  outcrop  of  the  Primal  upper  slates,  where  they  rise  from  beneath  the  Am-oral  limestone  in 
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Fig.  574. — Section  across  Kittatinny  Valley,  from  Blue  Mountain  to  Cornwall,  15  miles. 
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Lebanon  County,  on  the  S.E.  border  of  the  Kittatinny  Valley.    The  geological  relations  of  these  mines  on  the 
border  of  the  Kittatumy  Valley  are  shown  in 
Fig.  574. 

The  ore  strata  are  embraced  in  three 
hills,  having  a  nearly  E.  and  W.  range.  These 
hills  are  flanked  to  the  N.  by  the  Auroral 
limestone,  and  S.  by  the  overlapping  uncon- 
formable Mesozoic  red  sandstone,  wliich  forms 
a  high  ridge  prolonged  E.  and  AV.,  and  over- 
looking the  valley.  Their  position  is  five 
miles  S.  of  the  town  of  Lebanon. 

The  Eastern  or  "  Big  "  Hill  is  elevated  31 2 
feet  above  the  level  of  the  creek  at  its  base.  The 
middle  hill  is  98  feet  high,  and  the  western  hill 
78  feet  high.  The  peculiar  features  of  each  of 
these  will  be  considered  in  detail. 

The  boimding  wall  of  the  ore  in  the  Big 
Hill  is  a  heavy  dyke  of  trap,  which  varies  in 
regard  to  texture  and  composition  as  the 
felspar  or  homblendic  element  jjredomiuates. 
This  massive  dyke,  the  thickness  of  which  seems  nowhere  less  than  40  feet,  and  probably  greatly  exceeds  this. 
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Fig.  575. — Map  of  the  Cornwall  Ore  Hills,  Lebanon  County. 
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Fig.  576. — Section  through  Cornwall  Iron  Mines,  Lebanon  County,  along  line  a  I. 

encircles  the  hill  on  three  sides,  the  S.,  E.,  and  N.,  somewhat  in  the  form  of  a  horse-shoe.  The  N.  limb  rises 
from  the  water-level  at  an  angle  of  60°  or  70° ;  on  descending  to  the  water-level  upon  its  S.  limb,  the  dyke 
bends  shai-ply  S.,  and  is  obscured  by  surface  debris.  Besides  this  general  outer  wall  of  trap,  there  are  several 
smaller  dykes  of  the  same  material  ;  some  of  these  appear  to  be  offshoots  from  the  main  dyke,  and  are  found  in 
one  or  two  instances  interstratified  with  the  ore.  In  other  cases  they  appear  as  simple  isolated  columns  of  rock, 
surrounded  by  ore,  and  not  traceable  longitudinally  through  the  hill,  as  the  section  would  imply.  At  water- 
level,  on  the  W.  side  of  the  hill,  the  two  limbs  of  the  ore  enclosing  trap  are  about  400  feet  asunder,  but  on  the 
hill-top,  as  a  consequence  of  their  opposing  dips,  they  are  500  feet,  or  even  GOO  feet  apart. 

The  ore  in  this  hill  is  nearly  horizontally,  though  ii'regularly  stratified,  and  presents  every  possible  aspect, 
from  slaty  greenish-grey  to  dark  green  and  dark  ferruginous  brown  and  black  :  the  latter  variety  is  found  chiefly 
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Fig.  577. — Big  Mine  Ore  Hill,  Cornwall  Iron  Mines,  Lebanon  County. 


in  the  vicinity  of  the  trap  dykes,  and  large  masses  are  strewn  extensively  upon  the  hill-sides,  especially  upon  the 
N.  and  S.  slopes.  This  variety,  known  locally  as  the  Nigger-head  ore,  is  very  highly  endowed  with  magnetic 
polarity.  As  we  recede  from  the  vicinity  of  the  intrusive  rock,  the  ore  becomes  lighter  in  hue,  and  more  slaty  in 
texture.  In  parts  of  the  mine  these  slaty  portions  are  too  poor  in  iron  to  be  wrought.  With  the  exception  of  those 
portions  of  the  ore  which  are  closely  adjacent  to  the  trap,  the  mass  teems  with  crystals  of  sulphuret  of  iron;  almost 
every  hand-specimen  displays  many  specks  and  small  intersecting  veins  of  it.  This  pjaites  increases  in  abun- 
dance as  the  mining  penetrates  beneath  the  surface,  or  as  the  ore  has  been  miaffected  by  atmospheric  influences. 

Copper  ore  is  found  at  times,  in  the  form  of  green  carbonate  and  grey  oxide,  impregnating  the  ii'on  ore,  but 
it  does  not  appear  as  a  vein,  nor  is  it  in  contact  with  the  dykes  of  trap,  though  probably  introduced  at  the  time  of 
their  intrusion. 
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The  iron  ore  liitlierto  obtained  from  the  Big  Hill  lias  been  taken  from  shallow  excavations  at  the  surface  : 
it  is  now  -wrought  exclusively  at  the  W.  base,  where  successive  benches  are  cut  down  from  the  surface  to  the 

railway  level. 

At  the  E.  base  of  the  Big  Hill  there  is  a  small  rectangular  excavation  (see  Fig. 
578)  of  black  and  yellow  crumbly  ore,  the  bedding  of  which  is  nearly  vertical,  rang- 
ing N.  and  S.  parallel  to  the  face  of  a  trap  dyke  which  bounds  it.  This  wall  of  trap 
is  parallel  to  that  at  the  E.  edge  of  the  Big  Hill,  200  yards  distant:  whether 
it  is  the  outer  face  of  the  same  great  dyke  has  not  been  deteiinined.  On  the  E, 
side  of  the  pit  another  dyke  of  trap  is  visible,  but  the  excavation  has  not  been  suffi- 
ciently extensive  to  determine  its  range  or  amount.  A  third  narrow  dyke  crosses  the 
S.  end  of  the  excavation.  The  ore  at  this  mine  is  granular  and  black,  chiefly  crystal- 
line, or  dark  grey,  in  the  vicinity  of  the  trap;  and  in  other  places  it  is  yellow  and  dark 
green,  from  atmospheric  action. 

The  Middle  Hill,  separated  from  the  Big  Hill  by  a  narrow  valley,  through  which 
flows  a  small  stream  known  as  Saddler's  Kun,  is  that  from  which  at  present  the  ore  of 
the  district  is  chiefly  obtained. 

The  N.  wall  of  the  ore  is  the  prolongation  W.  of  the  trap  dyke  which  forms  its 
N.  boundary  in  the  Big  Hill.    This  dyke  ranges  W.  through  the  Middle  Hill,  deflect- 
ing gently  S.  along  its  W.  slope  ;  it  then  crosses  the  valley,  separating  this  from  the 
W.  ore  hill,  and  soon  after  turns  N.,  then  W.,  and  finally  curves  S.  round  the  end  of 
Fig.  678.— Ore  Quarry,  B.  base  the  latter,  and  is  lost  to  view.    Owing  to  the  S.  turn  of  the  Southern  limbs  of  the  dyke 
of  Big  Hill,  Cornwall,  Lebanon  at  the  W.  base  of  the  Big  Hill,  it  does  not  cross  the  valley,  and  does  not  appear 
County.  either  of  the  two  W.  hills,  in  both,  of  which  the  boundary  of  the  ore  at  the  surface 

is  formed  by  the  overlapping  debris  of  red  sandstone  and  conglomerate  from  the  neighbouring  hills.  The 
general  appearance  and  character  of  the  ore  in  the  Middle  and  Western  hills  is  similar  to  that  of  the  Big  Hill. 
It  is  slaty  throughout,  and  very  pyritous  ;  for  which  reason  it  soon  crumbles  imder  exposin-e.  In  those  parts  of 
the  mine  where  the  ore  has  been  cut  down  cheese-like  by  the  miners,  the  natural  bedding  of  the  mass  is  curiously 
contorted  and  irregular  along  a  general  horizontal  plane.  On  the  S.  side  of  the  Middle  Hill,  the  excavation 
has  reached  the  water-level.  In  the  pit,  large  masses  of  light  blue  flinty  and  magnesian  limestone  are  found 
imbedded  with  and  surrounded  by  ore.  They  are  devoid  of  regular  form.  In  like  manner,  masses  of  quartz  are 
found  as  bunches  in  the  bedding  of  the  more  slaty  ore.  In  some  of  these,  thin  scales  of  native  arborescent 
copper  occur,  though  not  abundantly.  The  white  cupreous  quartz  seems  to  be  derived  from  a  vein  of  that  material. 
The  limestone  is  evidently  not  in  situ. 

On  the  Middle  Hill  several  small  veins  or  btmches  of  copper  have  been  wrought  to  a  limited  extent.  Four  of 
these  range  N.  and  S.,  with  one  exception  dipping  W.  The  direction  of  the  strike  is  at  right  angles  to  that  of  the 
iron  ore,  which  dips  N.  about  30°  in  this  part  of  the  mine.  The  thickness  of  these  veins  varies  between  half  an  inch 
and  3  inches.  A  fifth  vein  may  be  traced  on  an  E.  and  W.  range  at  the  S.  limit  of  the  mine.  This  lode  is  occasion- 
ally entirely  absent,  but  is  in  some  places  a  foot  in  thickness,  dip  S.  45°  to  50°.  It  should  be  remarked  that  these 
lodes  of  copper  are  thick  where  the  iron  ore  is  soft,  and  that  they  thin  away  when  the  boimding  walls  of  the  iron 
ore  are  hard  and  pyritous.  The  usual  varieties  of  copper  ore  extracted  are  grey  protoxide,  bright  red  dinoxide, 
green  and  blue  carbonates  of  copper,  intermixed  with  sesquioxide  of  iron  and  iron  pyrites ;  also  lich  specimens  of 
the  sulphuret  associated  with  green  and  blue  carboiiates  of  copper.  The  lodes  are  nearly  all  accompanied  by  veins 
of  green  steatite.  They  have  not  been  traced  across  the  ore-deposit  to  the  bounding  trap-rock,  but  have  been  found 
within  50  yards  of  it,  growing  perceptibly  thinner.  When  followed  below  the  surface,  they  become  poor  in  good 
ore,  and  merge  into  copper  and  iron  pyrites.  The  annual  yield  in  copper  ore  does  not  exceed  100  tons.  It  is 
smelted  in  Baltimore,  and  yields,  we  are  informed,  from  15  to  23  per  cent  of  copper.  The  average  annual 
product  of  iron  ore  is  about  120,000  tons,  but  the  mine  is  susceptible  of  being  wrought  upon  almost  any  scale. 
A  small  ore-pit,  from  which  no  ore  is  at  present  extracted,  known  as  the  Doner  Mine,  is  situated  1^  miles  E. 
of  Cornwall.  The  ore,  though  of  the  magnetic  variety,  appears  in  irregular  bunches  and  nests.  No  trap  injections 
are  found  in  the  vicinity.    The  deposit  is  quite  near  the  limestone,  and  is  intennixed  with  sand  and  gravel. 

Those  interested  in  the  discovery  of  iron  ore  in  this  part  of  Pennsylvania  should  explore  carefuUy  the  more 
metamorphosed  tracts  of  the  Primal  slates,  especially  where  these  adjoin  the  limestone. 


SURFACE  IRON-OEES  OF  THE  PRIMAL  SERIES. 

The  Primal  newer  slate  sustains  extensive  surface-deposits,  of  a  somewhat  distinctive  variety,  of  brown 
haematitic  ores,  a  few  descriptive  and  theoretical  observations  upon  which  may  not  be  out  of  place  here.  These 
relate  not  only  to  the  ore  of  this  formation  as  it  is  seen  in  Pennsylvania,  but  to  the  whole  enormous  outcrop  of  the 
stratum  wherever  it  is  largely  developed  from  E.  Tennessee  to  the  Green  Moraitains  of  Vermont. 

This  iron  ore  is  lodged  in  extensive  accumulations  of  yellow  ferniginous  loam  and  clay,  occupying  hollows 
or  basins  in  the  surface  of  the  Primal  newer  slate,  at  the  N.W.  base,  or  low  on  the  N.W.  slopes,  of  the  ridges  and 
spurs  of  the  S.  Mountains  of  Pennsylvania,  or  of  their  prolongation  the  Blue  Kidge  in  Virginia  and  Teimessee, 
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and  the  Green  Mountains  in  Vermont.  Diluvial  waters  have  apparently  caused  these  deposits  of  loam,  into  the 
lower  jjarts  of  which  the  particles  of  the  oxide  of  iron  have  been  conveyed  by  the  dissolving  and  transporting 
action  of  percolating  waters,  and  there  collected  into  irregidar  nodular  masses  of  very  various  stnicture.  Some 
of  these  are  stalactitic,  but  the  ore  of  the  Primal  slate  is  more  frequently  in  roundish  cellular  lumps,  and  even 
sometimes  in  hollow  bomb-shaped  geodes.  The  latter  often  consist  of  crystallised  fibrous  hfematite,  but  the  earthy 
bro^ra  hydrated  peroxide  is  by  far  the  most  commonly  met  with.  The  masses  are  distributed  in  the  loam  with- 
out definite  stratification,  or  any  apparent  order,  being  in  greatest  abundance  towards  the  bottom  of  the  deposit. 

In  some  of  the  present  class  of  mines,  though  not  in  all,  there  occm',  mingled  with  the  iron  ore,  small  masses 
of  peroxide  of  manganese,  and  these  are  occasionally  stalactitic  in  their  form.  The  oxide  of  manganese  is,  more- 
over, chemically  combined  with  the  oxide  of  iron  in  much  of  the  iron  ore,  and,  when  in  any  considerable  abun- 
dance, is  a  serious  hindrance  to  the  fusion  of  the  ore  in  the  blast-furnace.  For  this  reason  it  is  that  these  ores 
have  usually  been  less  in  favour  with  our  iron-smelters  than  the  purer  varieties  which  overlie  the  adjacent  tracts 
of  the  Matinal  limestone.  Eespecting  the  ultimate  source  of  the  oxides  of  iron  and  manganese,  it  is  to  be  soiight 
in  the  feiTuginous  slates  upon  which  the  deposits  repose.  The  loamy  soil  imbedding  the  ore  appears  to  have 
been  derived  from  the  disintegration  of  the  slate  previously  collected  in  a  fragmentary  or  even  pulverised  con- 
dition in  the  depressions  of  the  surface.  Under  the  action  of  the  percolating  rain  and  springs,  these  materials 
would  be  converted  into  a  mere  loam,  and  the  oxide  of  iron  set  free.  Much  of  the  iron  has  been  originally  in  the 
condition  of  the  sulphuret  of  iron,  diffused  in  minute  crystals  through  certain  layers  of  the  slate.  The  facility 
with  which  this  mineral  undergoes  decomposition,  and  gives  rise  to  hydi-ated  jjeroxide  of  iron  upon  the  access  of 
atmospheric  air  and  the  rain  water,  is  a  fact  familiar  to  chemists.  This  view  of  the  origin  of  a  part  at  least  of  the 
ore,  accords  with  what  is  know^l  concerning  those  slaty  rocks  which  contain  much  sulphuret  of  iron. 

Such  strata  become  changed  in  their  exposed  or  outcrop  portions  with  the  brown  peroxide,  and,  where  cir- 
cumstances have  favom-ed  a  deep  and  general  decomposition,  we  find  nests  and  seams  of  the  peroxide  associated 
with  masses  of  the  rock  in  all  the  intervening  stages  of  chemical  change.  Among  those  older  metamorphic  mica- 
ceous and  talcose  schists  which  are  sufficiently  pyritous,  these  conditions  are  as  frequent  as  among  the  slates, 
shales,  and  limestones  of  the  Appalachian  PalEeozoic  formations.  The  separation  of  the  peroxide  of  iron  from  the 
other  materials  of  the  disintegrated  slate,  is  sometimes  so  complete  as  to  leave  a  white  earthy  residuum  of  finely- 
subdivided  particles,  having  the  character  of  a  pure  siliciot;s  clay.  This  occupies  the  interstices  between  the 
nodides  of  ore,  and  is  common  in  the  interior  of  the  hollow  masses.  So  entire  a  separation  of  the  oxide  of  iron 
from  the  earthy  substances  as  this  clay  manifests,  must  be  attributed  to  some  further  action  than  the  mere  trans- 
porting power  of  the  percolating  waters.  It  seems  to  imply  the  operation  of  a  segregating  force  among  the  particles 
identical  in  chemical  nature,  in  obedience  to  which  the  atoms  of  oxide  of  iron  have  detached  themselves  from  the 
other  matter,  and  concentrated  themselves  around  particular  centres,  as  in  other  cases  of  nodular  concretion. 
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Matter. 

dients. 

100  Parts. 

Chestnut  Hill,  near  Columbia, 

84.39 

2.46 

2.38 

10.99 

58.51 

Brown,  compact,  mammillarj',  outer 
part  crystalline  and  radiated. 

Susau  Ann  Furnace,  York  County, 

40.71 

891 

2.84 

39.56 

7.98 

Plios.  acid. 

28.23 

Blackish-brown,  micaceous,  and  sandy. 

Ege's  Mountain  Bank,  S.  of  Carlisle 

Ironworks',  Cumberland  County, 

49.80 

17.55 

0.10 

20.10 

12.0 

.45 

33.86 

Dull  purplish-brown,  amorphous,  brittle. 

A  mine  .'j  mile  from  Carlisle  Iron- 
works,   

27.93 

a  trace 

a  trace 

3.30 

3.81 

Magnetic 
oxide  64.79 

.17 

65.88 

earthy. 

Dull-black,  sub-crystalline,  slightly  mag- 

netic, resembles  ores  near  trap-dykes. 
Brown, mottled,  rather  cellular,  "honey- 

Mountain Bank,  Carlisle  Ironworks, 

70.04 

3.32. 

a  trace 

16.32 

10.96 

48.56 

Miller's  MountainBank.Cumberland 

comb  ore." 

Furnace,  Cumberland  County, 

74.08 

0.04 

12.00 

12.0 

.8 

52.36 

Brown,  hromatitic,  and  porous. 

Peffers'  Bank,  6  miles  S.W.  of  Car- 

lisle, Cumberland  County,  . 

69.04 

4.03 

12.01 

14.0 

.2 

48.58 

Dark  brown,  with  ochreous  spots,  com- 

Mine IJ  miles  from  Carlisle  Iron- 
works, ...... 

pact. 

85.65 

a  trace 

4.05 

8.80 

.90 

59.95 

Chestnut-brown,  stalactitic,  pipe  small. 

Pond  Bank  used  at  Caledonia  Fur- 

nace, Franklin  County, 

79.05 

a  trace 

9.30 

12.00 

55.33 

Dark  cliestnut-browu,  hrematitic,  im- 

Hill Bank,  Southampton  Furnace, 

perfectly  crystallised. 

Franklin  County, 

78.85 

a  trace 

2.70 

5.90 

12.50 

.05 

55.19 

Chestnut-brown,  cellular;  cells  some- 
times crystalline. 

Hill  Bank,  inferior  variety,  . 

76.30 

1.00 

1.80 

5.80 

14.50 

.60 

53.41 

Dark  and  light  brown  alternating,  cellu- 

Montalto   Furnace    (lower  ore). 

lar  and  amorphous. 

Franklin  County, 

75.02 

3.03 

7.00 

14.0 

.5 

52.64 

Dark  brown,  cellular  ;  cells  lined  with 
light  ochreous  matter. 

Montalto  Furnace  (upper  ore), 

71.00 

2.05 

13.03 

12.6 

.6 

49.70 

Mottled  -  brown  and    ochreous,  parts 

A  mine  1  mile  S.W.  of  Hughes' 

compact,  parts  soft  and  cellular. 

Forge,  Franklin  County, 

79.10 

4.00 

1.40 

2.80 

12.0 

.70 

55.37 

Dark  brown,  massive,  compact,  lustre 
resinous. 

Pond  Furnace  Ore,  Franklin  County, 

73.05 

a  trace 

2.06 

10.00 

13.0 

.9 

51.35 

Brownish-yellow,  semi-crystalline,  and 
mammillary,  hsematitic. 
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The  peroxide  of  iron  is  very  slightly,  if  at  all,  soluble  in  pure  water,  but  is  dissolved  to  a  certain  extent  by 
water  impregnated  with  carbonic  acid.    The  superficial  waters  containing  a  portion  of  this  acid,  derived  from  the 
atmosphere,  through  which  they  have  all  fallen  in  the  form  of  rain  and  snow,  are  capable  of  slowly  conveying  the 
peroxide  in  a  state  of  solution  from  the  surface  to  the  deeper  parts  of  the  mass,  where,  by  the  gradual  escape  of  I 
the  carbonic  acid,  the  peroxide  has  become  deposited.    In  the  decomposition  of  the  common  sulphuret  of  iron,  i 
such  as  is  found  in  pyritous  slates,  the  sulphate  of  iron  formed  is  very  soluble  ;  and  this,  pervading  tlae  sun-ounding 
mass,  has  gradually  given  up  its  oxide  of  iron  by  a  decomposition  promoted  by  the  presence  of  earthy  and  espe-  ' 
cially  of  calcareous  matter.    The  preceding  analyses  display  the  composition  of  the  several  varieties  of  the  brown 
ores  of  this  formation. 


CHAPTER  III. 

IRON  ORES  OF  THE  AURORAL  AND  MATINAL  SERIES. 

Respecting  the  origin  of  the  Auroral  limestone  ores,  there  appears  to  be  no  necessity  for  referring  to  any 
other  agencies  than  those  alluded  to  in  treating  of  the  history  of  the  ores  of  the  Primal  series.  Waters  impreg- 
nated with  salts  of  iron  readily  deposit  the  peroxide  when  in  contact  with  carbonate  of  lime,  and  we  might  there- 
fore look  for  deposits  of  the  ore  in  situations  favourable  to  the  accumulation  of  the  debris  of  ferruginous  slates,  and 
to  the  infiltration  of  waters  charged  with  sulphate  of  iron  derived  from  the  decomposition  of  the  sulphuret  contained 
in  such  slates.  Many  of  the  layers  of  limestone,  especially  those  of  a  slaty  structure,  contain  much  sulphuret  of 
iron,  and  the  great  mass  of  the  Matinal  limestone  formation  includes  a  large  amount  of  but  slightly  calcareous 
slates,  more  or  less  pyritous  in  their  composition. 

Among  the  circumstances  which  usually  inchoate  an  abundance  of  the  limestone  ore  beneath  the  soil,  it  should 
be  mentioned  that  one  of  the  most  essential  is  a  considerable  thickness  in  the  deposit  of  ferriiginous  loam,  clay,  or 
other  earthy  matter,  resting  on  the  strata.  This  vnll,  of  course,  be  marked  by  a  corresponding  evenness  of  the  sur- 
face ;  for  where  the  beds  of  limestone  are  naked  of  soil  in  many  places,  the  covering  of  earth,  which  must  contain 
the  ore,  can  nowhere  be  deep.  Another  very  necessary  condition  is,  that  the  earth  overlying  the  rocks  should  have 
a  large  amount  of  the  oxide  of  iron  diffused  in  it.  This  will  show  itself  by  a  characteristic  bright  yellow  or  clear 
brown  colour.  It  must  be  observed,  however,  that  the  existence  of  a  large  quantity  of  oxide  of  iron  in  the  deeper 
part  of  the  soil  will  very  frequently  not  be  perceptible  in  the  colour  of  the  surface  of  the  ground — the  ore  being 
confined  to  the  lower  portions  of  the  mass — so  that  much  good  ore-groimd  is  often  neglected  h-om  want  of  perse- 
verance in  digging. 

The  iron  ores  of  the  Matinal  slates  are  obviously  traceable  to  sources  similar  to  those  of  the  ores  of  the  Primal 
slates  and  Auroral  limestone.  In  the  Matinal  slate  ores,  the  proportion  of  oxide  of  manganese  is  often  very  great, 
and  not  unfrequently  the  ore  passes  in  neighbouring  beds  into  nearly  a  pure  oxide  of  manganese.  Indeed,  it  is 
chiefly  in  the  upjier  part  of  the  Matinal  slates,  and  in  the  Primal  slates,  that  this  latter  mineral  is  met  with  in 
deposits  of  sufficient  extent  to  bo  valuable.  The  olive-coloured  layers  of  argillaceous  and  sandy  slate,  foiming  a 
chief  part  of  the  Matinal  newer  slate,  owe  their  colour  in  great  part  to  the  large  amount  of  protoxide  of  man- 
ganese which  they  contain.  In  the  disintegration  of  the  rock  this  is  dissolved,  and,  being  converted  into  peroxide 
by  exposure  to  the  atmosphere,  is  deposited  in  irregular  layers  or  concretions  in  situations  favourable  to  its 
accumulation. 

Having  in  Vol.  I.  page  2G3,  expressed  a  hope  of  being  able,  before  the  completion  of  this  work,  to  present 
some  more  recently-collected  details  of  the  Surface  Iron  Ores  of  the  Kittatinny  VaUey,  I  here  introduce  the 
results  of  observations  since  made  respecting  the  chief  mines  between  the  Delaware  and  Schuylkill  rivers. 

IRON  ORES  AND  MINES  OF  THE  KITTATINNY  VALLEY. 

I. — OF  THE  DISTEICT  BETWEEN  THE  DELAWARE  AND  LEHIGH  KIVERS. 

Ooetz  Mine. — This  is  an  old  and  extensive  pit,  and  the  only  one  from  which  ore  is  regularly  obtained  m  the 
district  N.E.  of  the  Lehigh  River.  It  is  situated  within  the  vaUey  of  limestone,  4  miles  N.  of  Bethlehem.  The 
excavation,  which  has  reached  a  depth  of  nearly  60  feet,  extends  over  two-thirds  of  an  acre.  The  ore  is  chiefly  a 
bright  red  hasmatite  or  hydrated  sesquioxide  of  iron,  the  origin  of  which  is  clearly  betrayed  by  numerous  large 
masses  of  silicious  rock  found  in  the  mine.  These  masses  closely  resemble  the  ore  externally,  and  are,  indeed, 
partially  converted  for  some  distance  beneath  the  surfoce.  In  one  part  of  the  mine  the  rock  was  found  somewhat 
regularly  bedded  over  a  mass  of  ore  and  clay,  but  it  has  been  cut  away  to  reach  the  materials  beneath.  In  its 
texture  it  is  a  rather  coarse  sandstone  of  limestone-blue  colour,  and  evidently  contains  lime.  It  may  be  termed 
a  very  sandy  limestone,  or  calcareous  sandstone. 
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The  bed  of  ore  at  present  mined  underlies  a  tliick  mass  of  light-blue  and  ferruginous-brown  clays.  Its  dip, 
■u-hich  is  flat  near  the  surface,  steepens  to  45°,  and  again  turns  nearly  horizontal  at  the  floor  of  the  mine.  It  crops 
out  towards  the  N.W.  In  thickness  the  bed  varies  from  a  few  feet  up  to  15  feet.  In  the  S.E.  parts  of  the  mine 
no  ore  is  at  present  excavated,  and  rubbish  has  obscured  the  bedding,  if  it  has  any.  The  clays  contain  dissemi- 
nated masses,  which  may  be  separated  from  impui-ities  by  washing.  The  nearest  rock-exposures  are  of  lime- 
stone, dipping  S.E.  at  a  high  angle.    The  yield  of  the  mine  does  not  exceed  4000  tons  per  annum. 


II. — OF  THE  DISTEICT  BETWEEN  THE  LEHIGH  AND  SCHUYLKILL  EIVEES. 

Beisel's  Ore-Mine  is  situated  on  the  Catasaqua  and  Foglesville  Railroad,  5  miles  from  Catasaqua.  It  is  an 
open  pit  of  red  ha?matitic  ore,  lying  closely  adjacent  to  a  ridge  of  limestone  which  dips  nearly  vertically  S.E. 
The  ore  is  irregularly  deposited,  not  in  any  stratified  bed,  but  in  nests  or  bunches,  and  cannot  be  traced  to  any 
considerable  distance  from  the  mine.  The  pit,  which  is  50  feet  deep,  is  wrought  for  the  Lehigh  VaUey  Furnace, 
the  ore  being  raised  by  an  inclined  plane  and  horse-j^ower.  A  fourth  of  a  mile  S.E.  of  the  mine  rises  a  conspicuous 
ridge  of  calcareous  slate,  and  at  the  foot  of  this  is  the 

Trexell  Ore-Mine.,  wrought  by  the  Crane  Iron  Company.  The  ore  is  raised  by  steam-power,  from  a  shaft 
sunk  60  to  70  feet.  It  is  very  irregularly  disseminated  through  clay  and  earth,  but  little  lump-ore  being  found. 
AU  the  material  raised  from  the  pit  requires  w^ashing,  and  the  ore  is  not  very  abundant.  The  yield  of  the  mine 
is  2000  tons  per  annum.    In  neither  this  nor  the  preceding  mine  has  the  rock-floor  been  reached. 

Bitter's  Bank  is  at  the  foot  of  the  limestone  ridge,  in  the  prolongation  of  Beisel's  ore-deposit,  and  but  a  few 
hundred  yards  distant.  It  is  but  recently  opened,  and  the  mine  is  small.  In  character  and  mode  of  deposit  it 
in  all  respects  resembles  Beisel's.    The  ore  is  smelted  at  the  Lehigh  Valley  Furnace. 

The  Guth  Miyie  has  been  wrought  for  many  years,  and  is  now  leased  to  the  Crane  Iron  Company.  It  is 
situated  on  the  W.  side  of  the  prolongation  of  the  limestone  ridge  which  passes  Beisel's  and  Eitter's  mines.  This 
is  apparently  a  monoclinal  ridge  of  limestone  dipping  steeply  S.E.  The  ore  at  the  Guth  Mine  occupies  a  narrow 
trough  which  has  been  carved  out  of  the  limestone,  as  shown  in  the  annexed  cut. 
At  its  E.  outcrop  the  ore  was  20  to  30  feet  thick,  and  inclined  75°  W.  It  rests 
upon  clay  and  sandy  debris,  and  is  overlaid  by  black  clay,  containing  a  large 
quantity  of  sulplmret  of  iron.    This  is  capped  by  a  tough  white  clay,  which, 

when  wet,  assumes  a  semi-flirid  condition,  and  soon  covers  the  freshly- cut  face         ^     - -ss^^^-^^a  \ 
of  the  mine.    The  insecure  character  of  si;ch  a  roof  has  prevented  the  mining  of  Fig.  579.— Guth  Mine, 

the  ore  where  the  increasing  thickness  of  the  covering  makes  it  too  expensive  to 

remove  it  from  the  ore.  Within  80  feet  of  the  surface  tlie  ore-bed  basins,  but  is  somewhat  tliinner,  and  rises  to 
the  surface  upon  an  E.  dip,  within  200  feet  of  its  E.  outcrop.  On  this  side  the  ore  has  not  been  extensively 
wrought.  The  basin  rises  out  within  100  feet  N.E.  from  the  pit,  and  the  ore  cannot  be  traced  farther  in  that 
direction.  In  the  main  pit  the  ore  is  a  velvety  brown  and  black  hcematite,  changing  to  red  near  the  outcrop  at  the 
N.E.  end  of  the  mine.  S.W.  of  this  pit  there  are  two  others,  within  a  few  hundred  feet.  In  the  first  of  these  a 
shaft,  sunk  to  a  depth  of  80  feet,  passed  perpendicularly  through  40  to  45  feet  of  dark-brown  and  black  crumbly 
ore,  dipping  steeply  N.W.  Between  this  mass  and  that  in  the  preceding  pit  the  connection  has  not  been  traced, 
the  thickness  of  the  ore-deposit  having  greatly  dwindled  in  the  interval.  The  third  opening  does  not  merit 
attention  ;  it  was  abandoned  because  of  scarcity  of  ore.  The  yield  of  these  mines  is  about  5000  tons  per  annum. 
Kern  ^  Albright's  and  Hoffman's  Mines,  closely  adjacent  to  one  another,  are  situated  half  a  mile  S.E.  of 
Siegerville,  and  a  fourth  of  a  mile  from  Jordan  Creek.  The  bedding  of  the  ore  in  the  former  pit  dips  N.W.  20°,  and 
rises  upon  the  opposite  dip  in  Hoff'man's  Mine.  The  two  outcrops  are  about  500  feet  asunder.  In  neither  of  these 
openings  has  the  bottom  of  the  ore  been  reached,  though  from  20  to  25  feet  in  thickness  have  been  wrought. 
The  ore  is  a  brown  oxide,  quite  regrdarly  stratified  ;  but  the  floor 

of  the  mines  being  covered  by  water,  it  could  not  be  critically  ^^,,-„^  -   .^^^fe- 

examined.    It  is  capped  by  black  clay,  richly  impregnated  with  ^^^^^  '^^^S^" 

sulphnret  of  iron,  which  is  overlaid  by  white  and  variegated  clays 

and  earth.    Between  the  two  mines  the  ore  is  wrought  by  drifts  580.-Kera  and  Albright's  and  Hoffman-s  Mines, 

and  gangways  m  various  directions.    As  is  usual  at  the  larger 

mines,  the  ore  from  both  of  these  pits  is  raised  by  steam-power  up  an  inclined  plane.  Hoff'man's  Mine,  wrought 
for  the  AUentown  furnaces,  was  not  in  operation  at  the  date  of  our  visit.  Kem  &  Albright's,  leased  by  the  Crane 
Iron  Company,  yields  from  9000  to  10,000  tons  per  annum.  From  these  mines  the  surface  slopes  gently  S.E. 
towards  the  Jordan,  and  is  deficient  in  rock-exposures ;  on  the  N.W.,  however,  we  find  the  limestone  dipping 
S.E.,  beneath  the  ore  of  the  Hoffman  pit. 

At  Siegerville  an  ore-pit  was  opened  some  ten  years  ago  by  Mr  Sieger,  and  has  been  wrought  by  several 
iron  companies,  but  is  now  abandoned.  There  is  evidently  a  large  body  of  valuable  ore  at  this  point,  but  the 
dilapidated  condition  of  the  mine  prevented  an  inspection  of  its  bedding  or  thickness.  The  dip  is  said  to  be 
N.W.,  and  68  feet  depth  of  mining  did  not  reach  any  rock-floor.    The  excavation  extends  over  ^  of  an  acre. 

Xander's  old  bank,  the  property  of  the  Crane  Iron  Company,  is  J  of  a  mile  N.E.  of  SiegeiTille.    This  mine 
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has  not  been  wrought  for  six  years,  and  is  now  in  rains.  The  ore,  which  is  of  the  usual  dark-brown  hsematitic 
variety,  formed  a  bed  dipping  N.W.,  of  a  thickness  varying  horn  12  to  20  feet.  It  was  overlaid  and  underlaid 
by  silicious  pebbles.  The  position  of  this  mine  is  near  the  boundary  of  the  Auroral  limestone,  and  the  overlying 
Matinal  slates,  although  these  rocks  are  not  found  in  situ  in  the  vicinity  of  the  mine. 

Jos.  Balliot's  Mine  and  Mickle's  Mine,  separated  from  each  other  by  the  roadway,  are  situated  3  miles  N.E.  of 
Siegerville,  and  within  one-fourth  of  a  mile  of  a  range  of  hills  formed  of  the  Matinal  slates.  In  the  former  and 
larger  pit  the  ore  is  almost  exclusively  of  the  brown  variety  ;  in  the  latter  it  is  of  a  bright-red  coloiu",  and  more 
crumbly  character.  The  bottom  of  the  deposit  has  not  been  reached.  The  bedding  of  the  ore  is  horizontal. 
Beneath  the  upper  stratum  of  bro\TO  ore  in  Balliot's  pit  reposes  a  band  of  black  clay  containing  occasional  masses 
of  brown  ore.    These  mines  are  very  wet. 

Stephen  Balliot's  and  Jeter's  Mine  (formerly  Shierey's)  at  Ironton,  one-fom-th  of  a  mile  N.W.  of  Jos.  Balliot's, 
is  a  large  excavation.  From  it  the  surface  slopes  gently  S.  towards  Copley  Creek ;  witkm  a  quarter  of  a  mile 
N.W.  the  boundary  of  the  Matinal  slate  ranges  along  the  conspicuous  ridge  above-mentioned.  Tliis,  as  well  as 
the  other  mines  in  the  neighbourhood,  seems  therefore  to  lie  among  the  alternating  slate  and  limestone  strata  of 
the  two  formations.  The  gently-rounded  surface  of  the  hills,  and  the  entire  absence  of  rock-exposures,  make  it 
impossible  to  say  under  what  precise  conditions  the  ore  has  been  deposited,  with  relation  to  the  character  and 
inclination  of  the  subjacent  strata.  The  nearest  exhibition  of  rock  displays  limestone  dipping  N.W.  towards  the 
slate  range  at  a  moderately  high  angle. 

The  ore  of  tldsmine  is  of  the  usual  brown  hsematitic  variety,  and  is  frequently  quarried  out  in  large  masses  ; 
over  the  more  solid  body  of  the  brown  ore  there  is  usually  about  10  feet  thickness  of  a  more  cellular  honeycomb 
ore.  The  extreme  depth  of  the  pit  is  50  feet,  and  ore  has  been  mined  throughout  the  distance.  The  floor  of  the 
deposit  was  not  reached  by  a  well  sunk  16  feet  from  the  deejjest  part  of  the  mine.  In  a  neighbouring  smaller  pit, 
belonging  to  Mr  Balliot,  both  brown  and  red  ore  are  obtained,  though  from  different  parts  of  the  mine.  The  brown 
ore  has  a  bedding  which  inclines  45°  S.E,  The  ore-deposit  at  these  mines  is  e\'idently  a  most  extensive  and  valu- 
able ore  ;  but,  as  at  present  wi  ought,  the  annual  yield  does  not  exceed  4000  tons.  Between  it  and  Eitter's  pit,  a 
fourth  of  a  mile  farther  N.E.  along  the  same  range,  ore  may  be  traced  on  the  surface,  and  has  been  proved  at 
several  points.  The  continuity  of  the  deposit  between  the  two  may  perhaps  be  interfered  with  by  a  gentle 
rise  prolonged  from  a  knoU  of  limestone. 

Bitter's  Mine,  leased  by  the  Crane  Iron  Company,  disjjlays  a  fine  body  of  bro'mr  haematite  ore,  van,-ing  from 
30  to  40  feet  in  thickness,  except  at  the  outcrop,  where  the  deposit  is  12  feet  thick.  The  dip  is  N.W.,  imdulating  at 
an  average  angle  of  30°.  The  floor  is  of  clay.  Over  the  good  ore  the  black  clay  is  found  capped  as  usual  by  white 
clay  and  surface  materials.  The  depth  of  the  pit  is  45  feet,  and  its  j-ield  6000  tons  per  annnm.  The  limestone 
forming  the  lower  slope  of  the  slate  hill  dips  S.E.  towards  the  mine. 

The  slate  ridge  which  forms  the  boundary  of  the  valley  of  the  Auroral  limestone  on  the  N.W.  ranges  S.W. 
from  the  vicinity  we  have  last  described,  near  the  village  of  Foglesville  in  Upper  Macungy  Townsliip  of  Lehigh 
County.  Two  mUes  S.W.  of  Foglesville  it  deflects  S.,  and  then  N.E.  for  a  mile  as  a  spur,  which  comses  S.W.  as 
the  general  boundary  of  the  limestone.  The  little  cove  of  limestone  thus  enclosed  is  the  seat  of  several  rich 
deposits  of  hfematite  ore,  which  are  extensively  mined. 

Sclough's  Mine  is  situated  1|-  miles  S.  of  Foglesville,  at  the  N.E.  end  of  the  slate  ridge  to  which  we  have  just 

adverted.  E.  and  S.  of  it  the  soU  is  all  of  hmestone  origin.  The  mine,  though 
quite  small,  being  recently  opened,  is  interesting,  as  showing  the  haematite  ore 
in  several  stages  of  development.  At  the  pit  the  ore  is  a  compact  rocky  brown 
and  black  haematite,  graduating  into  a  more  rotten  brown  ore  and  feiTuginous 
clay.  In  the  trial-shafts  sunk  W.  of  the  mine,  the  ore  became  more  and  more 
slaty,  recechng  from  the  main  body,  and  assumed  the  character  of  a  rotten  fer- 
ruginous slate  quite  valueless  as  an  ore.  The  bedding  of  the  ore  has  a  gentle 
S.E  inclination.  The  limited  explorations  that  have  been  made  do  not  war- 
rant any  judgment  as  to  the  extent  or  depth  of  the  deposit.  In  the  well  sunk 
for  water  near  the  pit  to  a  depth  of  64  feet,  black  carbonaceous  slaty  limestone 
was  encoiintered  36  feet  beneath  the  surface,  and  continued  to  the  bottom. 

Maine's  Pit  is  a  small  excavation  three-fourths  of  a  mile  S.W.  of  Fogles- 
ville :  it  is  now  abandoned  and  in  ruins.  The  ore  is  quite  slaty  in  character, 
and  apparently  not  abimdant. 

Miller's  Mine  is  in  the  limestone  cove  S.W.  of  Foglesville.  Like  all  the 
others,  it  is  an  open  pit,  from  which  the  ore  is  raised  by  a  slope  plane  and 
Its  depth  is  35  or  40  feet,  extending  over  half  an  acre.  There  is  a  covering  of  from  5  to  25  feet  of 
slaty  debris  over  the  irregularly-stratified  ore.  The  bedding  of  the  latter  dips  at  a  moderate  angle  S.E.,  but  in  that 
direction  the  ore  rises  to  the  sin-face  again  100  yards  distant,  and  was  formerly  wrought  at  the  outcrop.  As  the 
bed  sinks  from  the  surface  along  the  dip,  the  ore  becomes  more  and  more  solid ;  but  at  places  in  the  mine  it  is 
replaced  by  bodies  of  clay.  A  well  sunk  from  the  bottom  of  the  pit  to  a  depth  of  18  feet,  proved  ore  tlu-oughout 
that  distance,  though  becoming  lean  at  the  bottom.  The  yield  of  this  mine  is  about  2000  tons  per  annum.  Leased 
by  the  Crane  Iron  Company. 

Laurish's  Mine,  a  few  hundred  yards  W.  of  Miller's,  is  a  small  excavation  not  now  wrought.    Many  fi-agments 
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of  tlie  ore  look  not  unlike  a  merely  ferruginous  slate  externally,  but  when  broken  exhibit  a  close-grained  brown 
hajmatite.    The  mine  has  been  wrought  for  the  Allentown  furnaces. 

Licktemvalder's  is  an  old  pit  lying  close  to  the  ridge  of  slate  which  bounds  the  cove  on  the  W.,  and  one- 
fourth  of  a  mile  from  the  last  mine.  The  extreme  depth  of  the  pit  is  55  feet.  In  some  places  the  ore,  all  of 
which  is  a  brown  hfematite,  cavernous  and  velvety,  is  40  feet  beneath  the  surface,  and  at  others  it  approaches  and 
even  outcrops  upon  it.  There  is  no  apparent  or  regular  dip  in  the  bedding  of  the  ore,  but  the  mass  has  a  general 
inclination  S.E.  In  parts  of  the  mine  white  clay  overlies  the  ore ;  in  other  parts  surface  materials  are  intermixed 
with  it,  in  which  cases  washing  is  resorted  to.  The  solid  and  softer  ores  are  irregularly  intermingled.  From 
the  deepest  part  of  the  mine,  a  well  reached  the  clay  bottom  of  the  deposit  at  a  depth  of  14  feet.  Yield,  3000 
tons  per  annum.    Ore  delivered  to  the  Crane  Iron  Company. 

It  is  worthy  of  remark  that  in  all  the  ha;matite  ore-jiits  hitherto  described,  frequent  cavernous,  amorphous 
masses  of  flint  rock  are  found  disseminated,  chiefly  among  the  clays  and  softer  ores.  We  also  notice  in  the  unde- 
composed  calcareous  slates  which  occupy  the  ridges  bordering  the  ore  districts,  numerous  crystals  of  sulphui'et 
of  iron. 

Breinig's  Mine  is  an  old  pit,  now  but  little  worked,  on  the  S.W.  prolongation  of  the  slate  range  from 
Sclough's  Mine,  2  miles  N.W.  of  Breinigsville. 

There  is  no  appearance  of  any  stratification  in  the  ore,  but  it  is  disseminated  through  ferruginous  earth, 
which  is  washed,  and  the  ore  picked  out.    The  mine  is  in  confusion. 

Two  miles  N.E.  of  Trexlerstown  are  the  mines  of  Gachenbach  and  others,  formerly  known  as  Shoemaker  s 
Mine.  There  are  several  pits  upon  the  same  great  body  of  ore,  which  dips  rajiidly  (45°)  towards  the  S.E.  The 
ore  bed  has  a  thickness  of  42  feet  at  the  pit,  including  the  interstratified  clays  :  it  is  exclusively  red  hfematite, 
becoming  harder  and  more  rock-like  as  it  gains  cover.  At  the  main  pit,  from  which  ore  is  now  raised,  it  has  a 
covering  of  25  feet  of  surface-earth  and  clay.  This  pit  is  50  feet  deep,  but  ore  has  been  proved  24  feet  below  the 
level  of  the  mine  resting  upon  a  cavernous  limestone.  All  the  limestone  near  the  mine  dips  S.E.  There  is  no 
appearance  of  slate.    Yield,  2500  tons  per  anmim. 

Wickert's  Mine  is  sitiiated  1  mile  E.S.E.  of  Texas,  in  Lower  Macungy  Township,  and  about  2  miles  from  the 
range  of  the  South  Mountains.  The  soil  is  underlaid  by  limestone,  and  the  ore  is  obtained  from  shallow  pits, 
and  by  stripping  the  surface.  It  is  so  mixed  with  clay  and  earth  as  to  require  washing  to  separate  it  from  impu- 
rities. The  ore,  which  is  a  rich  brown  and  black  haematite,  is  invariably  found  in  small  angular  or  formless 
fragments,  and  sometimes  as  hollow  geodes.  Occasional  fragments  of  ferruginous  slate  and  slaty  ore  betray  its 
slaty  origin,  and  the  presumption  is  that  the  slate  from  which  it  was  derived  was  interstratified  with  limestone. 
The  locality  is  not  now  wrought,  but  it  has  yielded  2000  tons  of  ore. 

A  few  hundred  feet  distant  is  a  much  deeper  and  more  extensive  deposit  at  Gideon  Andreas'  Mine.  The  pits 
have  reached  a  depth  of  20  feet,  extending  over  one-third  of  an  acre.  Occasional  masses  of  rich  brown  hasmatite 
are  found,  but  the  chief  part  of  the  ore  is  intermixed  with  ferruginous  clays,  which  are  washed.  There  is  no 
appreciable  or  regular  bedding  of  the  ore.  The  precise  yield  of  the  mine  we  did  not  ascertain,  but  it  probably 
amounts  to  3000  tons  a-year. 

In  the  same  immediate  neighbourhood  are  Yohst's,  Christian  Andreas\  and  Weygandt\  open-pit  mines.  In  all 
of  these  the  ore  is  washed  from  fennginous  earth,  with  which  it  is  so  intimately  associated  that  the  uninitiated 
eye  would  fail  to  detect  its  presence.    The  yield  from  the  washing  is  about  one-fourth  or  one-fifth  part  ore. 

Schmoyer's  and  Rheinhart's  Mines  are  three-fourths  of  a  mile  N.E.  of  those  last  mentioned.  In  the  first  of 
these  there  is  no  regularity  in  the  bedding  of  the  ore,  and  all  the  materials  derived  from  the  mine  undergo 
washing.  In  Eheinliai-t's  pit  the  ore-deposit  is  embraced  in  an  undulating  belt  of  18  feet.  In  the  wells  srmk 
for  water  to  wash  these  ores,  limestone  is  invariably  encountered  at  a  considerable  depth,  but  its  dip  we  were 
unable  to  ascertain.  The  Schmoyer  Mine  yields  about  1000  tons  per  annum,  delivered  to  the  Crane  iron  fur- 
naces.   The  product  of  Rheinhart's  pit,  about  equal  in  amount,  is  smelted  at  the  Allentown  furnaces. 

Near  by  is  an  old  mine,  now  but  little  wrought,  known  as  Mark's  or  Whiteleij's.    The  somewhat  undulating- 
deposit  is  30  feet  thick,  and  uniformly  bedded. 

Sigler\  Mine,  2  miles  N.N.W.  of  Mertztown,  is  situated  near  the  base  of  a  slate  ridge  which  projects  into  the 
limestone  vaUeyfrom  the  great  slate-range  beyond.  The  mine  has  been  wrought  many  years.  The  stratification 
of  the  ore  is  very  confused  and  irregular,  though  there  are  some  evidences  of  a  general  S.E.  dip.  In  parts  of 
the  mine  the  masses  of  ore  are  found  imbedded  in  clays,  and  are  frequently  so  intersected  by  veins  of  quartz  as 
to  be  rejected.    The  present  yield  does  not  exceed  1000  tons  per  annum. 

There  are  several  recently-opened  small  pits  in  the  same  neiglibourhood,  but  they  furnish  nothing  worthy  of 
especial  remark.    In  some  of  them  the  ore  is  brown  heematite,  in  others  red. 

In  the  vicinity  of  KHne's  store,  and  elsewhere  along  a  narrow  belt  ranging  with  the  valley,  ore  has  been 
proved  by  surface-shafts  and  small  pits  at  numerous  points.  All  of  the  ore  derived  from  these  openings  is  of  the 
silicious  brown  variety,  in  various  degrees  of  purity.  Many  specimens  appear  rather  as  masses  of  rotten,  ferni- 
ginous,  and  perha23S  calcareous  sandstone.  These  masses  are  generally  large  and  cavernous,  containing  a  yeUow 
calcareous  clay  within.  The  excavations  are  too  limited  and  superficial  to  afford  us  any  insight  into  the  structiiral 
features  of  the  limestone  strata  beneath  these  deposits. 

Trexler's  Mine  is  1  mile  S.E.  of  Breinigsville.  It  is  but  recently  opened,  and  the  excavation  has  not  pro- 
ceeded far,  but  fine  large  masses  of  brown  and  red  hajmatite  are  found  plenteously  scattered  through  the  rich  ferru- 


i. 

726  IRON  ORES  OF  THE  AURORAL  AND  MATINAL  DISTRICTS. 


Cluy,  70 

Fig.  582.— Ore  Pits. 


ginous  earth,  which  is  washed  to  obtain  the  smaller  fragments.  The  disintegration  of  the  underlying  rock  has 
been  deep,  as  is  proved  by  a  well  80  feet  in  depth,  wherein  no  solid  rock  was  encountered.  The  mine  is  upon  the 
top  of  a  broad  undulating  hill.    The  limestone  of  the  neighbourliood  dips  S.E. 

East  of  Trexlersto^vTi,  on  the  back  of  a  broad  ridge,  and  Avithin  a  quarter  of  a  mile,  are  five  ore-pits  ;  three  of 
these  are  the  property  of  Mr  S.  Albright,  one  belongs  to  Mr  Schmoyer,  and  one  to  Mr  Yoder.  The  ore  is  obtained 
by  stripping  and  washing  the  surftice-earth.  It  is  a  bro'UTi  haematite  in  small  fragments.  The  deposit  is  underlaid 
by  limestone,  but  the  rock  does  not  crop  out  at  the  surface,  nor  have  the  excavations  penetrated  to  it.  The  ore 
from  these  mines,  and  from  Trexler's  pit,  is  delivered  to  the  Thomas  iron-furnaces  at  Hokendaqua. 

On  Samuel  Albright's  land,  1  mile  S.W.  of  Trexlerstown,  a  similar  deposit  to  those  above  mentioned  is  found. 
None  of  the  ore-deposits  last  referred  to  furnish  any  local  evidences  of  their  origin. 

The  Saucon  Mines,  the  most  extensively  wrought  for  ore  in  the  district  now  mider  consideration,  are  situated 
3  miles  S.W.  of  HeUertown,  on  the  county  line  of  Lehigh  and  Northampton,  near  the  Saucon  Creek.  They  are 
Avithin  the  limestone  valley  of  the  Saucon,  wliich  is  bordered  by  the  ridges  of  the  South  Mountains,  known  as  the 
Lehigh  Hills.  These  mines,  the  property  of  Messrs  Bahl  and  Gangware,  consist  of  two  pits,  one  a  narrow  exca- 
vation 250  feet  long  and  30  feet  deep  ;  the  other  a  somewhat  circular  and  shallow  pit.  In  both  mines  red  haematite 
ore  is  found  intermixed  with  the  brown,  the  former  in  irregular  nodules,  the  latter  stratified,  particularly  in  the 
long  pit  known  as  Bahl's.  The  two  varieties  are  found  in  about  equal  proportions  in  this  pit,  the  former  usually 
scattered  through  blood-red  and  pink  clays,  tlie  latter  alternating  with  many-colotu-ed  clays,  from  grey  to  dark 
brown.    Most  of  the  ore  obtained  from  Gangware's  (circular)  pit  is  of  the  red  ha:!matite  variety,  but  it  is  probable 

the  brown  ore  will  be  found  abundant 
when  the  excavation  has  penetrated 
deeper.  There  is  no  uniformity  in  the 
bedding  of  the  ore  in  this  pit,  whereas 
in  Bahl's  the  stratification  has  a  quite 
regular  S.E.  inclination.  A  shaft  sunk 
in  Bahl's  pit  to  a  depth  of  60  feet  did 
not  reach  the  bottom  of  the  ore-deposit, 
but  in  other  places  within  a  hundred 
yards,  mine-shafts,  from  40  to  70  feet  deep,  encountered  nothing  but  clay.  It  would  therefore  appear  to  be  a  purely 
local  deposit  or  nest  of  ore,  in  which  the  materials  have  been  laid  down  with  some  regvdarity.  N.W.  of  Bahl's 
Mine,  within  200  yards,  limestone  crops  out,  and  dips  gently  towards  the  mine.  One  or  two  smaller  excavations 
have  been  made  within  a  hundred  yards  S.E.  of  Gangware's,  but  they  have  not  led  to  any  very  promising  results. 
In  one  a  small  amount  of  duU-brown  ore  was  found,  in  the  other  nothing  but  sand  and  pebbles,  and  masses  of 
undecomposed  sandy  rock.  In  Bahl's  and  Gangware's  pits,  fragments  of  rock  are  found  undecomposed,  chiefly  a 
cherty  material  of  greyish-blue  colour  and  flinty  texture.  In  the  latter  pit  a  large  amount  of  this  is  foimd,  but  it 
was  too  nearly  covered  to  admit  of  any  conclusion  respecting  its  true  place  or  its  dip. 

The  yield  of  these  mines  is  15,000  tons  per  annum.  The  ore  is  deUvered  to  the  Thomas  ironworks. 
Moselem  Mine,  Berks  County,  6  miles  W.S.W.  of  Kutztown.— At  this  locality  there  are  two  pits,  an  Eastern 
and  a  Western,  200  yards  asunder,  situated  in  a  narrow  valley  between  a  conspicuous  slate-ridge  and  a  lower  limestone 
hill,  in  both  of  wliich  the  dip  is  N.  W.,  the  limestone  passing  under  the  slate.  The  E.  mine  is  wrought  cluefly  for  the 
supply  of  the  furnaces  of  Seyfert,  M'Manus,  &  Co.,  at  Reading.  The  surface  excavation  is  not  large,  and  the  ore 
is  found  in  confused  and  irregular  bunches  of  a  few  inches  thickness  up  to  20  feet;  it  is  intermixed  with  clay 
and  earth.  The  ore  is  now  obtained,  in  great  measure,  from  a  series  of  gangways  diverging  from  a  shaft  at  a  depth 
of  120  feet.  The  ore  is  a  brown  compact  haematite  of  the  average  quality,  in  lumps  large  and  small.  The  annual 
yield  of  the  mine  is  10,000  tons  of  ore,  raised  at  a  cost  of  $1.50  per  ton. 

The  W.  mine  is  exclusively  an  open  pit,  excavated  80  feet  deep  over  half  an  acre.  The  ore  is  delivered  to 
the  Leesport  furnaces,  9  miles  above  Reading.  As  at  the  former  mine,  the  ore  is  found  in  irregular  nests,  and 
requires  to  be  excavated  and  washed  before  it  is  fit  for  the  furnaces.  Yield,  12,000  tons  per  annum;  cost  of  mining, 
$1.30  per  ton  under  ordinary  circumstances.  In  both  of  these  mines,  but  especially  the  latter,  many  fragments 
of  slate  and  cherty  limestone  are  found  only  jjartially  converted  into  ore. 

Jefferson  Ore-hank,  5  miles  N.W.  of  Reading,  worked  by  Eckert  and  Brother. — This  locality  of  brown  haema- 
titic  ore  is  situated  on  the  E.  side  of  a  hill  of  the  Matiual-slate  formation,  which  occupies  a  position  within  tlie 
general  valley  of  the  Auroral  limestone.  The  ore-deposit  lies  within  300  yards  of  a  narrow  dyke  of  trap,  which 
ranges  N.E.  and  S.W.  through  a  considerable  distance.  The  general  bedding  of  the  mass  dips  W.,  or  under  the  hill, 
at  an  angle  of  30°.  In  thickness  it  varies  from  2^  to  15  feet,  and  is  underlaid  at  the  outcrop  by  about  10  feet  of 
clay,  beneath  which  the  limestone  is  in  place.  In  other  parts  of  the  mine  the  ore  is  in  immediate  contact  with  the 
rugged  floor  of  outcropping  limestone. 

The  pit  is  an  open  cut,  stripping  the  surface  materials  from  the  ore  stratum.  The  extreme  depth  of  the  mine 
is  63  feet,  and  the  ore  has  been  mined  along  the  outcrop  for  150  yards. 

A  large  amount  of  ore  has  been  obtained  in  the  lower  ground,  the  surface  materials  of  which  are  washed. 
Black  oxide  of  manganese  is  found  as  a  thin  stratum,  sometimes  6  inches  thick  in  the  clay,  1^  feet  above  the  ore. 
Yield  of  ore  per  annum,  about  3000  tons. 

To  exhibit  the  fm-nace  yield  of  these  ores  of  the  Kittatimiy  VaUey  as  they  are  smelted,  imder  the  most  favour- 
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able  circumstances,  tlie  following  details  are  presented  of  the  dimensions  and  production  of  the  Crane  Ironworks  at 
Catasaqua,  on  the  Lehigh  Eiver,  3  miles  above  Allentown.  They  embrace  five  furnaces  of  the  following  dimen- 
sions : — 

No.  1.  Height  of  stack,  45  feet;  diameter  of  bosh,  11  feet. 
No.  2.  „  45  feet;  „  13  „ 

Diameter  of  hearth  at  tuyeres,  7  feet  6  inches. 

No.  3.  Height  of  stack,  48  feet;  bosh,  16  feet ;  hearth,  8  feet  6  inches. 
No.  4.  „  65  feet;     „    18  feet  ;       „     9  feet. 

No.  5.  „  55  feet;     „    18  feet  ;       „     9  feet. 

Three  furnaces  are  (December  1857)  in  operation  (ITos.  3,  4,  and  5).  The  fuel  used  is  anthracite  coal 
from  the  Lehigh  region,  and  the  blast  is  heated  to  600°  by  the  waste  gases  of  the  furnaces.  The  number  of 
blowing  engines  available  for  use  is  seven  :  the  largest  of  these,  a  new  engine,  is  rivalled  only  by  the  great  engine 
of  the  Lackawanna  Ironworks  at  Scranton.  The  diameter  of  the  steam  cylinder  is  54  inches,  and  of  the  blowing 
cylinder  93  inches,  each  10-feet  stroke.  Two  fly-wheels  are  attached  to  the  shaft,  each  27  feet  in  diameter,  and 
weighing  30  tons. 

The  total  product  of  four  furnaces,  in  the  year  1856,  with  the  materials  employed,  is  appended  : — 
First  6  months,  Coal,  29,831  tons;  Ore,  31,970  tons  ;  Limestone,  17,171  tons=Iron,  13,770 
Last  6  months,  Coal,  38,070  tons;  Ore,  37,609  tons;  Limestone,  19,757  tons=Iron,  17,322 


67,901  69,579  36,928        =  31,092 

The  ores  employed  are  the  usual  hasmatitic  varieties  of  the  district,  mixed  with  one-fourth  part  magnetic  ore 
from  the  vicinity  of  Dover,  New  Jersey.  The  product  in  pig-metal  consists  of  iron,  Nos.  I.,  II.,  and  III.,  the 
latter  small  in  quantity. 

It  appears  from  the  above  statement,  that  of  the  mixed  ores  2.237  tons  are  competent  to  the  production  of 
1  ton  of  metal,  a  peld  fi-om  the  ore  a  little  exceeding  49  per  cent. 
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liOCALIT  Y, 

Perox- 
Iron. 

Oxide 
of 

Manganese. 

Alumi- 
na. 

Silicai  stud 
Insoluble 
Matter. 

AVater. 

Occasion- 
al Ingre- 
dients. 

Loss 

Metallic 
Iron  in 
100  parts. 

DESCRIPTION  OF  TH£  ORES 

Near  Conshohocken, 

71.50 

0.50 

2.55 

14.30 

11.0 

0.15 

4&.75 

Brown,  cellular  and  ochry. 

Hartman's,  Northampton  County,  . 

65.60 

1.0 

17.82 

14.98 

.60 

45.92 

Chestnut-brown,  porous  and  crumbly. 

Brotzman's,  Northampton  County, . 

71.72 

0.70 

16.50 

11.03 

49.78 

j  Mammillary,  brown,  with  specks  of  sili- 

!     cious  matter. 

Dillinger's,  Hellertown, 

85.71 

1.50 

a  trace 

1.50 

11.74 

59.42 

Brown,  compact  and  also  fibrous. 

Rice's,  5  miles  N.W.  of  Bethlehem, 

70.25 

a  trace 

1.55 

16.40 

11.40 

.40 

49.17 

Porous,  cellular  and  brittle  (30  feet  from 

the  surface). 

Rice's,  same  locality, 

79.12 

1.56 

4.80 

13.98 

.54 

55.38 

Stalactitic,  brittle,  chestnut-brown  col- 

Richards's, Northampton  County,  . 

our  (50  feet  below  the  surface). 

71.72 

10.42 

a  trace 

4.12 

13.21 

.53 

49.72 

Brown  and  bluish,  somewhat  nodular. 

Moyen's,  4  miles  N.W.  of  Allen- 

town,   ' 

72.17 

a  trace 

1.50 

12.30 

14.00 

.03 

50.51 

Chestnut-brown,  compact. 

Moyen's  (same  mine  as  the  above). 

79.21 

.75 

7.50 

11.0 

.54 

55.44 

Stalactitic,  pipes  adhering,  a  rich  chest- 

nut-brown. 

Miller's  Mine,  4  miles  N.W.  of  Al- 

lentown,   

86.59 

a  trace 

3.08 

11.31 

60.04 

Brown,  stalactitic  ;  cavities  between  the 

pipes    containing    yellow  peroxide 

oxide. 

Balliot's  Mine,  5  miles  N.W.  of  Al- 

lentown,   

83.22 

.21 

4.81 

12.40 

57.61 

Colour  liver-brown,  compact  and  crys- 

talline, the  latter  kind  analysed. 

Goetz's,  5  miles  N.N.W.  of  Beth- 

lehem,   

84.0 

a  trace 

4.10 

11.60 

.30 

58.80 

Blackish-brown,  lustrous  and  resinous, 

Shwartz's,  \  mile  S.AV.  of  Emmaus, 

compact,  conchoidal. 

79.64 

a  trace 

9.05 

11.40 

55.22 

Dark  brown,  compact,  shining. 

Albright's,  S.  of  Trexlerstown, 

82.0 

a  trace 

5.32 

12.25 

.43 

57.40 

Red  hajmatite,  and  brownish  compact 

A  mine,  1  mile  W.  of  Trexlerstown, 

87.12 

0.40 

2.30 

10.90 

Sulphur, 

61.03 

ore. 

Brown,  compact,  and  stalactitic  ;  a  "pipe 

a  trace. 

ore." 

Breinig's,  1  mile  N.W.  of  Breinigs- 

ville,  

75.54 

a  trace 

11.90 

12.15 

.41 

52.87 

Blackish-brown,  compact ;  surface  velvet- 
like. 

Xander's,  Lehigh  County, 

77.23 

a  trace 

2.75 

5.80 

13.92 

Lime,  a 

.30 

54.06 

Brown. with  bright-yellow  spots  ;  cellular 

trace. 

and  brittle. 

Moseler  Mine,  4  miles  S.W.  of 

Kutztown,  

77.20 

2.60 

8.90 

11.00 

.30 

53.53 

Dull  brown,  compact. 

Gorgas  Mine,  ^  miles  S.W.  of 

Harrisburg,  .... 

77.20 

a  trace 

2.72 

4.80 

15.15 

.13 

54.04 

Dark  brown,  hrematitic. 

Kerr's  Fields,  8  miles  W.  of  Car- 

lisle,   

69.0 

4.8 

13.0 

13.0 

.2 

48.03 

Dark  chestnut-brown,  compact  and  lami- 

nated. 

Miller's  Mine,  Ig-  miles  from  Miller's 

Furnace,  Cumberland, 

84.60 

2.50 

3.89 

8.70 

Lime,  a 

.31 

69.22 

Chestnut -brown,  stalactitic  pipes  slen- 

trace. 

der;  some  of  the  oi'e  compact. 

Helm  Bank,  Cumberland  County,  . 

77.2 

2.0 

5.8 

14.5 

54.04 

Cellular  and  mammillary. 
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Perox- 

Oxide 

Alumi- 
na. 

Silica  and 

Occasion- 

Metallic 

LOCA  LITY. 

of 

Insoluble 

Water. 

al  Ingre- 

Loss 

Iron  ill 

Descriptiox  of  the  Ores. 

Iron. 

Manganese. 

Matter. 

dients. 

100  Parts. 

Clippengea  Bank,  Mary-Ana  Fur- 

nace, Cumberland  County,  . 

87.09 

.60 

2.60 

8.81 

1,0 

60.96 

Chestnut-brown  ;  stalactitic  pipes,  large. 

Kresler  Bank,  Southampton  Fur- 

nace, Franklin  County, 

75.0 

a  trace 

2.9 

9.0 

13.0 

.1 

52.5 

Mottled-brown,  amorphous,  cellular,  and 

Railroad  Bank,  used  at  same  Fur- 

somewhat laminated. 

nace,   

72.0 

a  trace 

.8 

14.7 

12.0 

.5 

50.4 

Brown,  cellulai',  and  compact. 

Pilgrim  Bank,  N.E.  of  Shippensburg, 

77.7 

4.0 

C.8 

11.0 

.5 

54.39 

Dark  chestnut-brown ;  stalactitic  pipes 

almost  obliterated. 

Roxbury  Bank,  W.  of  Shippensburg, 

75.1 

3.6 

9.3 

12.0 

52.57 

Pipe  ore,  the  pipe  adhering ;  yellow  hy- 
drous oxide  in  the  insterstices. 

Green  Village  Bank,  Franklin  Co.,  . 

82.6 

0.9 

4.2 

12.0 

.3 

57.82 

Brownish-yellow,  long  and  slender  pipes. 

Heifner's    Bank,    Caledonia  Fur- 

nace, Franklin  County, 

76.C 

a  trace 

a  trace 

10.8 

12.5 

.1 

53.62 

Bright  chestnut-brown,  compact. 

Heifner's,  6  miles  from  Caledonia 

Furnace,  ..... 

81.6 

a  trace 

6.7 

11.4 

.3 

57.12 

Brown  ;  pipes  closely  adhering. 

Middauer's,  3  miles  N.E.  of  Waynes- 

burg,  Franklin  County, 

72.6 

a  trace 

0.5 

14.0 

12.5 

... 

.4 

50.82 

Brownish -red  and  purplish,  compact, 

M'Dowell's  Bank,  5  miles  N.E.  of 

slightly  resinous. 

Mercersburg,  .... 

83.60 

a  trace 

1.50 

4.80 

9.40 

Arsenic, 

.70 

58.82 

Bright  brown,  amorphous,  and  cellular. 

Carrick    Furnace,    Perth  Valley, 

a  trace. 

This  is  called  "  garlic  ore." 

Franklin  County, 

59.50 

8.30 

5.80 

17.40 

8.80 

.20 

41.65 

Nodular,  surface  mammiUary,  argillace- 
ous specks. 

Carrick  Furnace,  another  specimen, 

84.30 

... 

2.25 

3.80 

8.85 

.80 

59.01 

Dark  chestnut  -  brown,  cellular,  cells 

coated  with  a  yellow  ochreous  de- 

A mine  f  of  a  mile  S.E.  of  Green- 

posit called  "  honeycomb  ore." 

wood,  in  Kisliicoquillas  Valley,  . 

82.88 

0.53 

4.21 

12.38 

57.47 

Brown,  interstices  lighter  coloured,  hard, 

Bull  Bank,  Pennsylvania  Furnace, 

granular,  and  porous,  grains  compact. 

Centre  County  

86.40 

a  trace 

a  trace 

2.30 

11.00 

.30 

60.48 

Chocolate-brown,  ha;matitic,  somewhat 

Old  Pennsylvania  Furnace  Bank, 

mottled,  compact,  fracture  conchoidal. 

Centre  County,  .... 

82.2 

a  trace 

a  trace 

5.3 

12.0 

.5 

57.54 

Dark  chestnut-brown,  stalactitic  ;  pipes 

Pennington  Bank,  2.^  miles  S.W.  of 

small,  and  closely  set. 

Warrior's  Mark  Town, 

76.50 

2.70 

7.50 

12.50 

.80 

53.50 

Chestnut-brown,  compact,  and  cellular. 

Pennington  Bank,  same  locality. 

coated  with  red  oxide. 

Huntingdon  County,  . 

84.80 

1.50 

3.00 

10.0 

.70 

59.36 

Rich  brown,  compact,  and  close-grained. 

Pond  Bank,  Pennsylvania  Furnace, 

rather  columnar. 

Huntingdon  County,  . 

76.50 

2.S5 

11.40 

9.10 

.45 

63.55 

Rich  brown,  closely  adhering  slender 

Springfield  Furnace  Ore-bank,  Mor- 

pipes, brittle. 

rison's  Cove,  .... 

79.06 

3.0 

0.3 

4.8 

12.0 

Lime, 

.3 

55.72 

Dark  brown,  cellular,  the  cells  coated 

Bombshell  Bank,  Rebecca  Furnace, 

a  trace. 

with  a  bluish-black  glaze. 

Morrison's  Cove, 

84.22 

.41 

0.65 

6.43 

8.25 

... 

58.95 

A  section  of  a  hollow  geode  or  bomb. 

Red  Bank,  3  miles  S.W.  of  Rebecca 

fibrous  hematite. 

Furnace,  Morrison's  Cove,  . 

57.2 

a  trace 

32.1 

9.8 

Lime, 

.9 

40.04 

Bright  reddish-brown,  compact,  and  jas- 

Sarah  Furnace  Ore-bank,  4  miles  S. 

a  trace. 

pery. 

of  M'Kee's  Gap,  Morrison's  Cove, 

76.5 

a  trace 

a  trace 

11.7 

11.6 

.2 

53.55 

Blackish-brown,  cellular  and  concentric 

Hillman's  Mine,  near  Marble  Hall, 

layers  of  hrematite. 

Montgomery  County,  . 

77.10 

a  trace 

1.25 

10.25 

11.5 

54.0 

Brown,  cellular,  and  compact ;  fracture 

Mine    near    Margarctta  Furnace, 

rough. 

York  County,  .... 

72.20 

1.0 

2.50 

11.25 

12.5 

.55 

50.25 

Brown,  compact,  surface  ochreous  ;  has  a 

Swartz's,  2  miles  S.W.  of  Hanover, 
York  County,  .... 

rough  and  sandy  aspect. 
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of 
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M'Naughton's,  I  J  miles  W.  of  Mer- 

cersburg,   

Lourey's  Knoll,  Hanover  Ore-bank, 

69.60 

.73 

9.20 

20.0 

.47 

48.72 

Dull  brown,  cellular  (a  bog  ore). 

2,^  miles  N.E.  of  Hanover  Fur- 

nace, Bedford  County, 

80.20 

a  trace 

3.20 

2.80 

12.90 

.90 

56.14 

Dark  chocolate -brown,  compact,  and 

Hanover  Ore-bank,  another  (speci- 

semi-crystalline. 

men),   

73.6 

a  trace 

2.0 

11.5 

11.5 

Lime, 

.14 

51.52 

Dull  brown,  compact,  a  greenish-black, 

Hanover  Ore-bank  (a  poorer  speci- 

a trace. 

blotches  on  the  surface. 

men),  ...... 

36.71 

a  trace 

14.46 

32.36 

16.47 

25.45 

Brick-red  and  opalescent,  brittle  and 

granular. 

CHAPTER  IV. 


IRON  ORES  OF  THE  SURGENT  SERIES. 

In  the  detailed  description  which  I  have  given  of  the  Surgent  rocks,  the  series  was  shown  to  contain  gene- 
rally two,  and  in  some  localities  three  or  four,  separate  beds  of  the  peroxide  of  iron.  The  several  horizons  whicli 
these  occupy  have  been  pointed  out,  and  their  features  and  dimensions  given  at  their  numerous  outcrops.  Two  of 
these  layers  of  ore,  the  so-called  "  Fossiliferous  Iron-ore"  of  the  Surgent  ore-shales,  and  the  "  Hard  Ore"  of  the 
Surgent  iron-sandstone,  are  almost  coextensive,  as  we  have  seen,  with  the  entire  range  of  the  Surgent  forma- 
tion throughout  the  Appalachian  Chain  in  Pennsylvania,  rising  to  the  surface  in  each  of  its  many  belts.  A  careful 
study  of  the  same  series  in  other  States  has  enabled  me,  with  the  aid  of  Professor  William  B.  Rogers,  to  identify 
both  of  the  above-mentioned  beds  of  ore  in  numerous  lines  of  outcrop  far  beyond  the  limits  of  Pennsylvania,  in 
Western  New  York  in  the  one  direction,  and  through  Virginia,  as  far  as  the  Cumberland  Gap,  in  Tennessee,  in 
the  opposite. 

All  of  these  bands  of  ore  retain  their  special  features  .and  composition  throughout  the  immense  space  whicli 
embraces  them,  with  a  constancy  which  is  very  remarkable,  and  from  which  we  must  infer  a  very  wide  diffusion 
and  equality  in  the  formative  actions  which  produced  each  thin  and  well-characterised  layer.  They  are  variable, 
of  course,  in  their  thickness,  and  only  in  particular  districts  attain  the  dimensions,  and  possess  the  degree  of  rich- 
ness which  confers  an  economical  value  on  beds  of  ore.  But  where  they  are  thus  developed — as,  for  example,  in 
Montour's  Ridge — they  embrace,  as  we  have  seen,  an  extraordinary  mass  of  mineral  wealth. 

These  regularly -bedded  ores  of  the  Surgent  series  are  to  be  regarded  as  among  the  permanent  constituent 
strata  of  the  formation,  and  as  having  originated,  with  the  other  sedimentary  materials,  in  the  form  of  very 
extended  but  thin  sheets  of  ferruginous  matter,  covering  at  successive  epochs  the  wide  floor  of  the  quiet  Appa- 
lachian sea.  Whence  aU  the  oxide  of  iron  was  derived  which  mingled  with  the  earthy  deposits  of  clay,  sand, 
carbonate  of  lime,  and  the  fossils  of  these  deposits,  is  a  question  which  the  present  state  of  research  scarcely 
enables  us  to  answer.  Perhaps  we  are  authorised,  from  a  consideration  of  the  physical  changes  which  seem  to 
have  occurred  at  the  close  of  the  Matinal  period,  to  refer  its  origin  to  a  wide  expanse  of  newly-upraised  land  of 
Primal  and  Matinal  sediments,  impregnated  with  a  certain  proportion  of  ferruginous  matter,  and  to  suppose  that 
these  parts,  freshly  exposed  to  active  erosion  and  waste  by  atmospheric  agents,  in  supplying  a  part  at  least  of 
the  materials  of  the  Surgent  strata,  contributed,  by  steady  accumulation,  a  copious  amount  of  the  salts  of  iron  in 
solution  to  the  waters  of  the  Levant  ocean.  We  have  only  to  imagine,  in  the  next  place,  the  operation  of  certain 
well-known  chemical  reactions,  such  especially  as  would  arise  upon  the  sudden  introduction  of  calcareous  matter, 
to  perceive  a  sufficient  cause  for  the  extensive  precipitation  of  a  definite  quantity  of  the  iron  in  the  form  of  the 
peroxide. 

This  explanation  derives  some  countenance  from  the  independent  evidence  afforded, — by  the  more  calcareous 
and  fossiHferous  nature  of  these  ore-beds,  compared  with  the  strata  which  embrace  them, — that  the  epochs  of  the 
deposition  of  the  iron  ore  were  also  the  periods  of  most  copious  supply  of  carbonate  of  lime. 

To  this  source  we  may  ascribe,  with  some  probability  perhaps,  a  large  portion  of  the  peroxide  of  iron  in  these 
layers  ;  but  we  must  not  overlook  another  train  of  causes,  operating  since  the  elevation  of  the  strata,  to  contribute 
in  certain  situations  an  increased  supply  of  this  ingredient.  An  enormous  quantity  of  ferruginous  matter,  both  in 
the  shape  of  sulphuret  and  peroxide  of  iron,  is  diffused  throughout  the  substance  of  the  slates,  shales,  and  marls  in 
contact  with  these  layers  of  ore  ;  and  the  infiltering  waters  have  probably  conveyed  some  of  this,  chiefly  in  the 
condition  of  sulphate  of  iron,  into  the  ore-bed,  where  the  carbonate  of  lime  of  the  fossils  would  convert  it  into  the 
peroxide.  That  such  has  been  the  origin  of  a  part  of  the  iron  in  the  "fossiliferous  ore"  of  some  localities,  is  indi- 
cated by  the  general  richness  of  the  ore  in  peroxide,  in  all  situations  where  the  position  of  the  outcrop,  the  slope 
of  the  ground,  and  the  thickness  of  the  covering  slate,  are  favourable  to  a  copious  infiltration  of  the  surface-water. 

But  I  must  here  advert  to  another  much  more  instrumental  cause  of  inequality  in  the  proportion  of  iron,  com- 
pared with  the  other  constituents — I  mean  the  removal,  by  infiltrating  water,  of  a  part  or  all  of  the  soluble  portion 
of  the  ore,  chiefly  its  carbonate  of  lime,  both  diffused  and  in  the  shape  of  innumerable  organic  remains.  The 
fossils,  chiefly  shells  and  joints  of  the  Crinoidea,  constitute  in  many  instances  fully  one-half  of  the  weight  of  the  ore 
in  its  original  unaltered  condition,  as  the  reader  can  ascertain  by  inspecting  the  Table  of  Analyses  of  the  Surgent 
Fossiliferous  Ores,  and  comparing  the  amount  of  carbonate  of  lime  of  the  compact  specimens  with  that  of  the  soft 
or  porous  ones.  It  is  obvioys  that  a  given  bulk  of  the  ore  must  retain,  after  the  abstraction  of  this  large  quantity 
of  calcareous  matter,  very  nearly  twice  its  former  per-centage  by  weight  of  its  principal  ingredient,  the  peroxide  of 
iron.  A  study  of  the  circumstances  which  chiefly  influence  or  control  this  dissolution  of  the  carbonate  of  lime  is 
therefore  of  the  highest  practical  importance,  since  only  through  a  competent  knowledge  and  application  of  these 
conditions  to  his  particular  localities  can  the  proprietor  of  a  tract  of  this  ore  foresee  the  relative  amount  of  the  soft 
or  chiefly  valuable  variety  which  his  ground  is  hkely  to  contain. 
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The  wliolo  value  of  the  Surgent  ore-beds,  so  far  as  the  quality  of  the  fossiliferous  ore  is  concerned,  depends 
upon  the  depth  below  its  outcrop  to  which  the  dissolving  process  has  extended  ;  for  experience  has  now  confirmed 
the  views  whicli  I  ventured  to  express  in  my  annual  reports,  that  the  stratum  cannot  be  profitably  mined,  in  the 
present  condition  of  the  iron  manufacture,  much  below  the  level  to  which  tliis  surface  action  has  penetrated. 

What,  then,  are  the  conditions  of  outcrop  that  principally  promote  the  thorough  and  extensive  filtration  of 
the  waters  along  the  slope  of  the  ore  stratum  ?  The  most  favourable  state  of  things  is  a  coincidence  in  the  dip  of 
the  ore-bed  with  the  inclination  of  the  ground  above  it.  In  tliis  case,  nearly  the  whole  of  the  rain  which  falls  upon 
the  hill-side  finally  penetrates  to  the  layer  of  ore,  and,  passing  through  the  thin  covering  of  slates,  carries  with  it 
an  additional  amount  of  oxide  of  iron.  A  strict  parallelism  between  the  ore-bed  and  the  surface  seldom  prevails 
over  any  considerable  tract,  almost  never  on  the  side  of  an  anticlinal  or  monoclinal  ridge,  and  scarcely  anywhere 
but  at  the  end  of  a  broad  anticlinal  ridge  lilce  that  wliich  terminates  Montour's  Ridge  east  of  Bloomsburg,  where 
there  is  a  truly  extraordinary  quantity  of  the  softest  and  richest  ore  arching  the  point  of  the  hill  in  a  gentle 
curve,  and  nowhere  overlaid  by  a  thicker  covering  than  from  10  to  20  feet  of  the  slate.  Where  the  dip  of  the  ore 
is  considerably  steeper  than  the  slope  of  the  surface,  the  thickness  of  the  overlying  rocks  rapidly  increases  as  the 
bed  descends,  until  its  mass  becomes  too  great  to  be  penetrable  by  the  atmospheric  waters.  In  all  such  cases  the 
ore,  as  we  trace  it  downwards,  grows  progressively  less  soft,  porous,  and  rich  in  iron,  more  and  more  of  the  sub- 
stance of  the  fossils  remaining  undissolved,  until  we  reach  a  point  at  which  the  stratum  is  in  its  original  condi- 
tion, with  its  maximum  quantity  of  the  carbonate  of  lime,  and  therefore  its  minimum  of  peroxide  of  iron.  It  should 
be  observed  that  this  limit  is  by  no  means  as  far  beneath  the  outcrop,  even  under  the  moderate  dip  of  30°,  with 
the  surface  sloping  15°,  as  many  persons  imagine.  Much  observation  along  the  ore-belts  of  Montour's  Ridge  and 
other  districts,  persuades  me  that,  under  these  conditions,  the  soft  ore  ceases,  on  the  average,  at  a  distance  of  30 
or  40  yards  from  its  actual  outcrop.  Where  the  bed  of  fossiliferous  ore  dips  into  the  hill,  or  in  a  direction  contrary 
to  the  slope  of  the  ground,  the  surface-water  flows  across  its  outcrop  without  entering  it,  and  the  stratum  in  this 
case  receives  a  very  small  supply  of  infiltering  water,  so  that  not  unfrequently  the  ore  is  compact,  and  full  of  its 
organic  remains,  to  witliin  a  few  feet  of  the  soil. 

To  those  interested  in  the  many  iron  furnaces  now  erected,  which  depend,  in  part  at  least,  for  their  supply, 
and  mainly  for  the  quality  of  their  iron,  upon  this  admirable  variety  of  ore,  the  following  calculations,  based  upon 
the  foregoing  data,  will  not  be  without  their  value.  Assuming  the  average  thickness  of  the  main  bed  of  the  fos- 
siliferous ore  to  be  16  or  18  inches,  each  square  yard  of  the  stratum  will  contain  about  one  ton ;  and  if  the  average 
width  of  the  breast  of  soft  ore  be  taken  at  35  yards,  then  one  mile  of  continuous  outcrop  must  furnish  the  amount 
of  61,600  tons.  It  should  be  borne  in  mind,  however,  that  several  circumstances,  besides  the  mere  relative  slope 
of  the  ore  and  of  the  surface,  may  influence  the  amoimt  of  percolation,  and  produce  locally  wide  deviations  from 
the  above  estimated  width  of  the  soft  outcrop  ore.  Such  are  especially  any  irregularities  in  the  contour  of  the 
ground,  in  the  form  of  ravines,  or  knolls  and  swells  ;  and  again,  any  local  contortions  or  dislocations  in  the  strata. 
In  regard  to  the  silicious  ore-beds  of  the  Surgent  series,  both  those  of  the  iron  sandstone  and  the  Surgent  older 
slate,  the  quality  of  the  ore  is  very  uniform,  being  but  little  influenced  by  the  accident  of  proximity  to  tlie  surface. 
Possessing  but  few  fossils,  and  only  a  comparatively  small  proportion  of  calcareous  matter,  these  ores  are  not  sus- 
ceptible of  the  purifying  process  so  essential  to  the  so-called  "  fossiliferous  ores  ;"  and  hence,  as  far  as  their  richness 
in  iron  is  in  question,  it  is  of  small  importance  what  way  the  strata  dip  in  relation  to  the  slope  of  the  surface.  The 
direction  of  the  dip  will  mirch  aflect,  however,  the  extent  to  which  the  outcrop  of  the  bed  may  be  uncovered,  but 
can  thus  influence  only  to  a  trivial  extent  the  facility  and  cheapness  with  which  it  may  be  mined.  When  the 
"  hard  ore  "  is  of  equal  or  nearly  equal  thickness  with  the  "  fossiliferous  ore,"  and  contains  as  much  as  30  per 
cent  of  iron,  it  is  obvious  that  it  will  long  outlast  the  latter  in  most  of  the  localities  where  at  present  they  both 
abound.  Not  deteriorating  materially  as  it  descends,  and  outcropping  higher  upon  the  flanks  of  the  ridges,  in 
consequence  of  its  holding  a  lower  place  in  the  series,  the  supply  of  this  variety  of  ore  may  be  regarded  as  liable 
to  few  fluctuations,  and  to  be  almost  inexhaustible. 

The  average  cost  of  mining  the  soft  fossiliferous  ore,  at  and  near  its  outcrop,  exceeds  2  doUars  per  ton,  while 
that  of  removing  the  "block  ore"  of  the  iron  sandstone  is  from  1.25  to  1.75  doUars  per  ton. 
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FlQ.  583.— Surgent  Fossiliferous  Ore  Group,  Hollidaysburg,  Blair  County.— 1  inch  =  200  feet. 

The  accompanying  section  exhibits  the  fossiliferous  ore  group,  or  Surgent  calcareous  shales,  under  the 
type  they  assume  near  Hollidaysburg.  It  is  taken  from  a  railroad-cut  near  the  town.  The  ore  occurs,  it  will  be 
seen,  in  very  thin  layers,  and  these  are  intersected  by  trivial  faults. 
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Locality  axo  \  ariety. 

Peroxide 
of  Irou. 

Oxide 
of  Man- 

.5 
B 
a 

Silica 
and 
Insol. 

Water. 

Occasional 
Ingredients. 

■ 

Loss. 

l^etall  ic 
Iron 
in  100 
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ganese. 

< 

Matter. 

Parts. 

1.  Smith's  Gap,  KittatinnyMt., 

Dauphin  Co., 

68.00 

6.60 

13.30 

11.70 

.40 

47.06 

Dark  mottled-brown,  coarse-grained, 

sandy-looking   ore,  imbedded  in 

2.  Danville,  Columbia  Coun- 
ty (Levant  iron  sandstone). 

brown  haematite. 

70.63 

.57 

23.77 

2.57 

Carb.  of  Lime, 

48.97 

Brick-red,  somewhat  fossiliferous,  has 

2.46 

the  grain  and  a.spect  of  a  red  sand- 
stone.   Called  the  "  hard  ore." 

6.  Danville  (calcareous  fossUi- 

Car.Lime, 62.43, 
Car.  Mag.,  l.i  y 

ferous  ore), 

30.34 

a  trace 

2.64 

1.80 

21.03 

Dark  purplish  -  brown,  slaty,  mica- 

7. Bloom.sburg  (compact  cal- 

ceous, fossiliferous. 

careous,  fossiliferous  ore),  . 

61.30 

a  trace 

2.80 

2.20 

Car.  Lime,  33.17 

.53 

43.00 

Very  similar  to  the  last. 

8.  Bloomsburg  (soft,  porous. 

fossiliferous  ore). 

S5.10 

5.0 

7.10 

2.10 

Carb.  Lime,  a 
trace 

.40 

60.00 

Dark,  reddish-brown,  soft,  gives  a  red 
powder,  is  full  of  pits  and  casts  of 

9.  Landisburg,  Perry  Co.  (fossil- 

fossils. 

iferous  ore), 

76.45 

1.50 

1.25 

14.40 

5.70 

.70 

53.51 

Dull  brown,  slaty,  micaceous,  highly 

3.  Turtle  Creek,  Union  Co., 

fossiliferous. 

(Levant  iron  sandstone),  . 

37.64 

a  trace 

59.0 

3.20 

.16 

26.32 

Pink  colour,  compact,  coarse,  and  siU- 

cious,  resembles  the  "  hard  ore  "  of 

10.  Mifflin,  Juniata  Co.  (fossili- 

Danville. 

ferous  ore), 

70.0 

a  trace 

a  trace 

24.24 

5.40 

.40 

51.10 

Chestnut-brown,  coarse,  slaty,  granu- 

4. Little  Cove,  Franklin  Co., 

lar,  micaceous,  and  fossiliferous. 

(Levant  iron  sandstone),  . 

30.38 

1.20 

67.0 

1.42 

21.06 

Dark  red  and  brown,  granular  and 

11.  Little  Cove,  N.W.  side,  4i 
miles  N.  of  Warren  Iron 

sandy,  looks  like  a  coarse  red  sand- 

stone ;  is  the  "  hard  ore." 
Reddish-brown,  laminated,  porous, 

Works  (fossiliferous  ore),  . 

83.0 

a  trace 

6.0 

5.3 

5.1 

Lime,  0.5 

58.1 

5.  Dickey's  Mt.,  N.W.  side,  half 

fossiliferous. 

a  mile   S.W.  of  Hanover 

Forge,  Bedford  Co.  (Levant 

iron  sandstone). 

52.0 

a  trace 

a  trace 

39.3 

9.0 

36.4 

Dark  brown,  coarse,  earthy  ;  variety, 

12.  Matilda  Furnace,  near  Jack's 

Levant  iron  sandstone. 

Narrows,  Huntingdon  Co., 

74.76 

a  trace 

5.06 

13.04 

3.82 

Lime,  1.35,  un- 

51.84 

Reddish-brown,  powder  red,  porous, 

determined 

fossiliferous  (upper  part  of  fossili- 

1 3.  Matilda  Furnace  (lower  part 

matter,  2.11 

ferous  ore). 

of  the  same), 

44.07 

a  trace 

1.39 

52.33 

2.62 

Lime,  0.49 

30.56 

Brown,  fracture  rectangular,  brown 
oxide  of   irou,  cementing  coarse 

14.  Lick  HOI,  Woodcock  Valley, 

grains  of  sand  (lower  part  of  fossil- 

Bedford Co.  (used  at  Hope- 

iferous ore). 

well  Furnace),  . 

46.50 

4.80 

16.30 

1.0 

Car.  Lime,  31.01 

.39 

27.72 

Pale-red, highly  fossiliferous;  carbon- 

part Carb. 

ate  of  lime  of  fossils  visible. 

15.  Hopewell    Fumace  Mine, 

of  Iron. 

Bedford  Co.  (softest  kind,) 

78.05 

.68 

4.50 

13.85 

3.0 

A  trace  of  Lime 

54.95 

Brown,  powder  purple-brown,  soft 
and  brittle,  fossiliferous,  has  some 

16.    Hopewell    Fumace  Mine 

i-ed  micaceous  oxide. 

(same  bed,  compact  kind),  . 

55.2 

.5 

1.0 

8.8 

2.5 

Car.  Lime,  31.4 

.6 

38.64 

Reddish-grey  ;  powder  light  brown  ; 

17.  Near  Barre  Forge,  Hunting- 

micaceous, fossiliferous. 

don  Co.  (lower  part  of  vein), 

43.55 

.50 

.50 

3.0 

1.50 

Car.  Lime,  46.76 

.63 

32.2 

Reddish-grey,  fossiliferous;  the  fossils 

Prot.  Carb. 
Iron,  3.66. 

not  all  dissolved  out. 

18.  N.E.  of  BaiTe  Forge  (aver- 

age of  the  vein), 

57.0 

.60 

1.40 

7.50 

2.0 

Car.  Lime,  32.10 

39.9 

CHAPTER  V. 

IRON  ORES  OF  THE  PRE-MERIDIAN  AND  MERIDIAN  SERIES. 

The  Pre-meridian  and  Meridian  Series  in  Pennsylvania  are  accompanied  by  certain  characteristic  iron-ores,  each 
having  its  own  particular  kind.  The  ore  of  the  limestone  is  most  abundant  in  Huntingdon  and  Bedford  counties, 
but  only  in  two  or  three  localities  does  it  exist  in  sufficient  quantity  to  repay  the  pursuit.  It  is  usually  scattered 
in  the  soil  overlying  the  limestone,  in  the  form  of  compact  lumps,  having  a  laminated  structure  and  a  light 
chestnut-brown  colour-.  The  shallowness  of  the  earthy  deposit,  resting  iipou  the  usually  sloping  surface  of  the 
formation,  and  the  smaU  amount  of  ferruginous  loam  in  it,  suiRciently  account  for  the  absence  of  large  accumula- 
tions of  the  ore. 

The  MericHan  sandstone  exhibits  a  greater  munber  of  productive  localities  of  ore.  These  seem  to  occupy  two 
distinct  positions  in  relation  to  the  formation.  One  species  of  the  ore  is  found  in  connection  with  the  lower  or  more 
ferruginous  portion  of  this  porous  stratum,  usually  near  the  junction  of  the  coarser  more  arenaceous  beds  with  the 
soft  calcareous  lammated  yellow  layers.  It  would  appear  to  have  been  the  product  of  filtration  through  the  looser 
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Tipper  beds,  the  oxide  of  ii-on  having  been  arrested  and  precipitated  on  coming  into  contact  with  the  more  imper- 
vious and  calcareous  layers  beneath.  Thus,  in  Chestnut  Ridge,  Huntingdon  County,  there  is  a  bed  of  ore,  about 
2  feet  thick,  near  Chester  Furnace,  occupying  precisely  the  line  of  junction  of  these  two  members  of  the  forma- 
tion. Not  unfrequently  the  ore  is  lodged  in  a  body  of  ferruginous  clay,  near  the  contact  of  the  limestone  and 
sandstone,  all  the  materials  of  which  are,  however,  traceable  to  the  sandstone.  This  is  the  position  of  a  valuable 
ore-bed  near  Alleghany  Furnace,  6  miles. from  Tuckahoe,  in  Huntingdon  County,  in  which  the  ore  consists 
almost  entirely  of  the  stalactitic  variety,  some  of  the  stems  or  pipes  being  of  great  size  and  beauty.  Much  of  this 
ore,  from  the  lower  portion  of  the  Pre-meridian  sandstone,  is  more  or  less  manganesian :  it  contains  more  ore,  in 
proportion  to  the  surrounding  impurities,  than  usually  occurs  in  the  ores  of  the  Primal  and  Auroral  formations. 

Another  variety  of  ore  of  this  series  is  restricted  to  the  upper  limit  of  the  sandstone,  occurring  not  unfre- 
quently precisely  at  the  junction  of  this  rock  and  the  overlying  Cadent  black  slate.  It  is  not  extensively  developed 
in  Pennsylvania,  and  is  to  be  seen  chiefly  in  the  belts  S.  of  the  Juniata,  especially  in  Bedford  County.  But  in 
Virginia,  and  particularly  among  the  ridges  W.  of  the  great  valley  in  the  James  Biver  region,  it  occurs  in  numerous 
and  productive  openings.  It  is  there  spread,  in  an  almost  continuous  stratum,  over  wide  areas,  and  marks  very 
distinctly  the  junction  of  the  sandstone  with  the  slate.  In  many  localities  the  mass  consists  of  little  more  than 
the  upper  layers  of  the  Meridian  sandstone,  strongly  impregnated  with  peroxide  of  iron,  and  graduating  into  a 
material  much  too  coarse  and  sandy  to  be  of  value  in  the  smelting  furnace.  In  Pennsylvania  the  better  kinds  of 
this  ore  are  often  in  massive  cliunks,  and  are  hgematitic ;  but  these  chunks,  when  met  with  on  the  surface  of  the 
sandstone,  contain  in  some  localities  much  compact  chert,  which  effectually  destroys  the  usefulness  of  the  ore. 

The  position  of  this  ore,  and  the  highly-pyritous  character  of  the  overlying  slates,  especially  the  layers  in 
contact  with  the  sandstone,  point  at  once  to  the  source  of  the  oxide  of  iron,  and  render  it  needless  to  enter  into 
chemical  details,  which  would  be  but  a  repetition  of  the  explanations  already  given. 


TABLE  OF  ANALYSES  OF  IRON  ORES  OF  THE  PRE-MERIDIAN  SERIES. 


Localities. 

Peroxide 
of Iruu. 

Peroxide 
of  Man- 
ganese. 

Silica  and 
Insoluble 
Matter. 

Alumina. 

Occa- 
sional 
Ingre- 
dients. 

Water. 

Metallic 
Iron  in 
lOU  Parts. 

Descriptio.v  of  the  Orbs. 

Tuckahoe,  Huntingdon  County, 

71.50 

a  trace 

20.40 

2.50 

5.00 

 X 

50.00 

Brick-red,  cellular,  brittle. 

Tuckahoe,    Alleghany  Furnace 

Bank,  

69.80 

a  trace 

18.40 

2.30 

8.70 

48.86 

Brownish-yellow ;  cells  lined  with 
pulverulent  oxide. 

Same  locality,  .... 

82.20 

8.00 

6.00 

a  trace 

4.00 

57.54 

Bluish  -  brown,   earthy,  compact, 

from  near  the  base  of  Pre- 
meridiau  sandstone. 

Same  locality  (pipe  ore), 

86.91 

1.93 

0.22 

10.44 

60.26 

Pipe  ore  ;  stems  lai'ge,  surface  iri- 

One mile  S.W.  of  Bell's  Furnace, 

descent. 

Tuckahoe,  .... 

73.23 

a  trace 

12.88 

5.52 

9.38 

50.81 

Chocolate-brown,  lustre  resinous, 
makes  a  weak  iron. 

CHAPTER  VI. 

IRON  ORES  OF  THE  CADENT  AND  VERGENT  SERIES. 

The  Cadent  and  Vergent  rocks  contain  important  bands  of  iron  ore,  differing  essentially  in  their  com- 
position. They  are  limited  to  certain  districts  witldn  the  range  of  the  formations  to  which  they  belong,  nor  do 
they  occur  together  in  the  same  region.  The  lowest  of  these  ores  is  most  fully  developed  in  the  Lewistown 
Valley,  between  Lewistown  and  the  Southern  State  line,  and  in  the  belts  adjoining  it.  It  occupies  a  position  in  the 
Cadent  lower  black  slate,  only  a  few  feet  or  yards  above  the  calcareous  beds  or  cement  layers,  and  from  50  to  100 
feet  above  the  upper  layers  of  the  Meridian  sandstone.  Between  the  Juniata  River  and  Maryland,  in  the  localities 
where  it  has  its  maximum  expansion,  it  varies  in  thickness  from  3  or  4  feet  to  10  or  even  12  feet,  having  the  form 
of  a  series  of  solid  grey  layers,  separated  by  thin  seams  of  slate.  In  its  native  condition,  unaltered  by  the  atmos- 
pheric action  which  has  everywhere  changed  it  at  its  outcrop,  this  ore  is  a  ponderous,  bluish-grey,  or  lead- coloured 
proto-carbonate  of  iron,  sometimes  breaking  into  square  masses,  and  sometimes  of  a  more  slaty  or  laminated  stmc- 
ture.  It  does  not  effervesce  when  touched  with  acids ;  when  roasted,  it  becomes  reddish-brown,  and  is  then  strongly 
attracted  by  the  magnet.    The  analyses  will  display  the  prevailing  composition  of  this  ore. 

It  is  only  when  the  stratum  has  been  long  exposed  at  its  outcrop  to  atmospheric  action,  converting  it  into 
the  brown  peroxide  of  iron,  by  which  it  assumes  a  wholly  different  aspect,  that  it  has  the  form  hitherto 
worked  by  the  furnaces  situated  near  it.  This  ore,  at  its  outcrop,  is  of  a  dark  hazel-brown  colour,  a  smooth 
grain,  and  a  cellular  stiticture.  That  which  is  derived  from  the  rectangrdarly-cleaving  portion  of  the  solid  bed 
is  in  square  masses,  with  large  squarish  cells,  often  glazed  and  iridescent  on  their  inner  surfaces,  and  either 
entirely  empty  or  partially  fiUed  with  a  pure  bluish  clay.    Sometimes,  where  the  bed  has  been  so  protected  as  to 
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have  escaped  extensive  atmospheric  action,  tliis  conversion  to  the  brown  peroxide  is  only  partial,  a  solid  nucleus  of 
the  bluish  proto -carbonate  forming  the  interior  of  the  lump,  while  the  peroxide  occurs  only  on  the  surface,  in  the  form 
of  a  crust  of  greater  or  less  tliickness.  Between  this  crust  and  the  uudecomposed  nucleus,  the  earthy  particles 
originally  in  that  portion  of  the  proto-carbonate,  which  has  been  converted  into  the  peroxide,  having  been  deserted 
by  the  iron  in  assuming  its  new  state  of  concretion,  lie  loose  in  the  intervening  space,  and  forai  a  grey  dust  when 
diy,  and,  when  moist,  a  tenacious  clay.  This  travelling  of  the  atoms  of  oxide  of  iron  from  the  interior  to  the  cir- 
cumference of  the  mass,  in  all  cases  where  a  proto-carbonate  of  iron  undergoes  conversion  to  the  peroxide,  is  a 
highly  curious  fact,  not  devoid  of  a  practical  as  well  as  a  scientific  interest. 

It  is  probable  that  this  bed  of  ore  extends,  either  partially  or  uninterruptedly,  for  considerable  distances,  in 
nearly  all  the  synclinal  basins  where  the  lower  beds  of  the  Cadent  series  occupy  the  summits  of  the  sandstone 
ridges  between  Lemstown  and  Shirleysburg.  The  ore-banks  at  present  worked  are  in  these  positions.  The  ore 
occurs  in  Little  Cove,  and  at  Pemiock's  furnace,  Huntingdon  County,  in  precisely  the  same  geological  relations  ; 
but  to  what  extent  it  prevails  throughout  the  long  line  of  intermediate  country,  nearly  35  miles  in  length,  we  have 
at  present  no  means  of  ascertaining.  The  discovery  of  the  true  nature  and  exact  position  of  this  iron  ore  furnishes 
an  interesting  illustration  of  the  utility  of  geological  researches  systematically  prosecuted.  The  ore  having  been 
previously  dug  at  the  outcrop  only  at  remote  and  insulated  points,  no  general  clue  to  its  position,  applicable  in 
practice,  had  been  detected,  nor  was  it  probable  that  any  could  be,  until  the  order  of  superposition  had  been 
minutely  and  methodically  studied.  No  sooner  was  this  done,  however,  than  we  perceived  that  all  the  outcrops 
of  the  ore,  accidentally  discovered  in  the  fonuation,  belonged  to  one  solid  and  extensive  band,  regularly  interstia- 
tified  in  the  lower  part  of  the  Cadent  black  slates,  accompanied  by  such  well-marked  features  in  the  adjoining 
rocks  as  to  render  the  tracing  of  its  coiu'se,  with  proper  skill  and  knowledge,  a  matter  of  ease  and  certainty. 

The  ore  of  the  Vergent  series  is  a  widely-distributed  stratum,  having  a  very  continuous  range  through  parts 
of  Lycoming,  Chnton,  and  Tioga  counties,  but  not  developed  in  any  thickness  in  other  portions  of  the  State.  Its 
place  in  the  series  is  near  the  top  of  the  Vergent  shales,  or  more  properly  in  the  alternating  group  by  which  the 
Vergent  and  Ponent  strata  graduate  into  each  other.  It  seems  to  attain  its  maximum  thickness  on  Larry's  Creek, 
in  the  Alleghany  Mountains,  where  the  principal  bed  is  about  3  feet  thick.  East  of  Lycoming  Creek  it  gradually 
thins  away,  and  it  also  vanishes  in  the  other  direction  at  the  Susquehanna,  not  being  traceable  beyond  Farrands- 
ville.  It  is  found  as  far  North  as  the  Tioga  River. — (See  Vol.  I.  pp.  310,  311,  for  some  detailed  descriptions  of  it.) 
This  ore  is  of  a  dull  purplish-red  colour,  and  is  arenaceous  and  granular,  the  peroxide  of  iron  encrusting  the 
grains  of  silicious  sand,  so  as  to  impart  to  it  a  somewhat  oolitic  aspect.  It  contains  organic  remains,  chiefly  two 
or  three  species  of  the  bivalve  shells  characteristic  of  the  upper  part  of  the  Vergent  shales  ;  but  it  is  by  no  means 
as  rich  in  fossils,  and  therefore  in  calcareous  matter,  as  the  fossiliferous  ore  of  the  Surgent  series.  A  large  excess 
of  silicious  matter  in  the  ore  greatly  impairs  its  value  for  the  smelting-furnace.  This  ore  closely  resembles 
the  celebrated  Cleveland  ore  of  Yorkshire,  England,  a  bed  14  feet  tliick  in  the  oolite  formation.  Its  qualities  will 
be  readily  inferred  from  the  analyses  contained  in  the  following  Table  : — 


TABLE  OF  ANALYSES  OF  IRON  ORES  OF  THE  CADENT  AND  VERGENT  STRATA  OF  PENNSYLVANIA. 


Localities, 

Carbonate 
of  Iron. 

Peroxide 
of  Iron. 

Oxide  of 
Manganese. 

Silica  and 
Insoluble 
Matter. 

Alumina. 

Carbonate 
of  Lime. 

Water. 

Metallic 
Ii-on  in 
100  Parts. 

Dkscrii'tion  of  the  Ores. 

Cadent  Black  Slate. 

Six  miles  W.  of  Pinegrove, . 

Walter's  Bank,  \  mile  W.  of 
Brookland  Furnace,  Lewis- 
town  Valley, 

Mercy's  Bank,  1^  miles  S.E. 
of  Newton  Hamilton, 

1  mile  W.  of  Chester  Fur- 
nace, Huntingdon  Co., 

Warren  Ore  Bank,  Little 
Cove,  Franklin  County,  . 
Brown  Furnace,  Little  Cove, 

80.55 

37.00 

66.00 
65.40 
66.92 
67.60 

a  trace 
a  trace 
14.64 
a  trace 

45.90 

18  80 

20.50 

7.57 

18.80 
17.00 

4.20 

5.80 

4.60 

1.93 

a  trace 
1.50 

1.50 

11.25 

9.00 

9.00 

9.48 

12.70 
1.00 

25.90 

46.20 

45.78 

46.40 

47.32 
38.80 

Mottled-brown,  slaty,  cellu- 
lar, fossiliferous. 

Brown,  hajmatitic,  velvet- 
like. 

Dull-brown,  laminated,  cel- 
lular, and  silicious. 

Mottled,  dark  brown,  com- 
pact, soft. 

Dark  brown,  hollow  lump.s. 

Bluish-grey,  nodular,  and 
compact. 

Cadent  Neicer  Shales. 
Two  miles  W,  of  Pinegrove, 
Lycoming  Creek,  front  of 

Alleghany  Mountain, 
Larry's    Creek,  Lycoming 

County,    .       .       ,  . 
N.W.   side   of  Big  Scrub 

Ridge,  2\  miles  S.W.  of 

Bedford  Turnpike,  . 

32.00 
48.80 
61.20 

84.54 

a  trace 

60.00 
49.38 
32.30 

2.85 

0.50 
a  trace 
3.00 

a  trace 

1.00 
a  trace 
1.30 

6.00 
1.68 
2.20 

12.00 

22.40 
33.83 
42.84 

69.17 

Dull,  reddish- brown,  slaty, 
cellular,  fossiliferous. 

Chocolate-red,  powder  red, 
fossiliferous,  granular. 

Purplish-brown, powder  red, 
fossiliferous,  sandy. 

Mahogany-brown,  compact, 
baimatitic  (a  surface  ore). 

Big  Ore,  base  of  Warrior's 
Ridge,  Woodcock  Valley,  . 

75.22 

a  trace 

7.75 

2.50 

Org.Mat- 
ter  2.80 

11.45 

52.65 

Ochreous-  brown,  earthy, 
vegetable  fibres. 

CHAPTER  VII. 


IRON  ORES  OF  THE  UMBRAE  SERIES. 

The  Umbral  red  sliale  of  the  bituminous  coal  region  is  accompanied  throughout  nearly  its  entire  outcrop 
along  the  Alleghany  Mountain,  and  towards  the  N.W.,  by  a  very  peculiar  variety  of  ii'on  ore,  which,  in  certain 
localities  already  described,  is  destined  to  become  of  much  economical  importance.  This  ore  occurs  liigh  in  the 
formation,  usually  not  more  than  a  few  feet  below  the  bottom  of  the  Serai  conglomerate.  It  is  the  grey  and 
mottled  carbonate  of  iron  described  in  the  chapter  upon  the  Umbral  strata.  The  ore  is  of  somewhat  various 
external  features,  but  its  most  prevaiHng  character  is  that  of  in-egular  knotty  nodules  of  a  mottled  red  and  whitish 
or  grey  colour.  These  lumps,  which  are  usually  imbedded  in  a  soft  reddish  shale,  are  often,  especially  near  the 
outcrop  of  the  stratum,  coated  with  a  brown  crust  of  the  peroxide  of  iron.  On  Lycoming  Creek,  the  purer 
specimens  of  the  ore,  consisting  principally  of  the  crystalline  carbonate  of  iron  and  silica,  are  internally  of  a 
pinkish-yellow  cokmr,  with  a  velvet-like  aspect.  In  other  districts,  as  that  of  Tioga  River,  near  Blossburg,  the 
ore  is  in  regular  continuous  layers,  certain  parts  of  which  are  mottled,  and  have  almost  an  oolitic  stnicture. 

It  is  only  in  certain  local  tracts  of  country  that  this  interesting  ore  is  rich  enough  in  iron,  and  thick  enough 
to  be  of  value  to  the  manufacturer  of  iron  ;  but  where  it  can  be  used,  the  metal  prociired  from  it  is  of  remarkable 
excellence.  The  chemical  nature  and  geological  relations  of  this  ore  are  very  similar  to  those  of  the  carbonate  of 
iron  of  the  coal  strata,  and  tlie  conditions  under  which  it  originated  were  obviously  very  nearly  identical  with 
those  which  produced  that  variety.  I  shall  therefore  reserve  what  I  have  to  say  respecting  the  source  of  the 
iron,  until  I  come  to  speak  of  that  of  this  still  more  important  variety.  Beside  the  nodular  crystallme  carbonate 
now  described,  the  Umbral  shales  contain,  especially  in  their  S.W.  outcrops,  as  in  Somerset  and  Fayette  counties, 
a  species  of  ore  identical  with  the  ordinary  compact  or  earthy  carbonate  of  the  Coal-measures.  This  latter  kind 
belongs  to  a  small  subordinate  group  of  coal-bearing  rocks,  which,  in  the  districts  mentioned,  underlie  the  true 
Serai  conglomerate,  or  constitute  its  lowest  member,  indicating  a  gradual  transition  fi'om  the  Umbral  series. 
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Carbon- 

Perox- 

0.xide 

Carbon- 

Carbon- 
ate of 
Magne- 
sia. 

Silica 
and  In- 
soluble 
Matter. 

Alumi- 
na. 

Carbona- 

Metallic 

Localities. 

ate  of 
Iron. 

ide  of 
Iron. 

of  Man- 
ganese. 

ate  of 
Lime. 

ceous  Mat- 
ter, &c. 

Water. 

Iron  in 
100  Parts. 

Description  of  the  Ores. 

Savage's    Mines,  Trough 

Creek,  Huntingdon  Co., 

88.09 

a  trace 

11.0 

69.93 

Reddish-brown,  compact, 

Hopewell    Furnace  (Old 

and  jaspery. 

Bank),  Trough  Creek,  . 

60.00 

a  trace 

0.40 

32.10 

2.50 

4.50 

42.00 

Red  and  brown,  nodular. 

Hopewell   Furnace,  Ter- 
race Mount  Mine,  . 

84.00 

a  trace 

2.30 

a  trace 

13.50 

58.80 

Dull     chocolate  -  brown, 
compact. 

Ralston,  Lycoming  Co.,  . 

65.00 

0.72 

28.80 

1.00 

4.28 

32.06 

Ash-grey,  spathose. 

Astonville,  Frozen  Mine, 

Lycoming  County, 

68.00 

0.60 

28.70 

0.80 

1.50 

32.80 

Pinkish-yellow,  velvet-like. 

Farrandsville  (Lower  Red 

minutely  crystalline. 

Shale),  .... 

68.40 

a  trace 

25.60 

3.60 

2.00 

47.88 

Purplish  -  red,  compact. 

nodular,  sub-crystalline. 

Johnson  Hill,  Blossburg,  . 

29.84 

a  trace 

66.80 

0.50 

2.56 

14.42 

Light-grey,  pinkish,  spa- 

Bennett's Branch,  1  ^  miles 

those. 

above  Warner's,  Clear- 

field County,  . 
Bennett's   Branch,  same 

82.20 

6.50 

6.65 

1.00 

3.40 

44.22 

Dull-gi-ey,  compact. 

locality,  .... 

63.80 

1.00 

30.90 

0.75 

2.75 

30.28 

Grey,  light,  compact,  and 

S.E.  of  Blairsville,  Indiana 

coarser  than  the  above. 

County,  .... 

37.80 

6.50 

7.50 

37.80 

7.60 

3.50 

18.27 

Mottled  -  red  and  green. 

nodular,  somewhat  spa- 

Hill's, W.  side  of  Chestnut 

those. 

Ridge,  Indiana  County,  . 

5L25 

a  trace 

2.00 

36.50 

5.96 

4.00 

35.87 

Cinnamon-brown,  nodular. 

Garey's  Mine,  Fayette  Co., 

84.14 

2.78 

a  trace 

3.00 

0.75 

6.00 

40.62 

Dove  -  colour,  externally 
brown,  uodular,  close- 
grained. 

Garey's  Mine,  same  locality. 
Chestnut  Ridge,  Pennsyl- 

35.50 

2.50 

1.35 

15.55 

2.80 

2.00 

38.22 

Greyish-blue,  kidney-form- 

ed, close-grained. 

vania  Canal,  Westmore- 

land County,  . 

61.50 

a  trace 

a  trace 

31.44 

1.25 

5.20 

41.05 

Purplish-brown  and  green- 

Hare's Valley,  Hunting- 

ish, jaspery. 

don  County,  . 

97.54 

3.12 

0.18 

67.63 

Purplish-red,  massive,  mi- 
caceous, unctuous  (a  sur- 
face specimen). 
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There  is  still  another,  but  much  more  local  deposit  of  iron  ore  in  the  series,  occupying  the  veiy  horizon 
which  separates  the  Umbral  red  shale  from  the  underlying  Vespertine  conglomerate.  This  ore  is  limited  to  the 
synclinal  basin  of  Trough  Creek  in  Huntingdon  County,  where  it  has  the  form  of  massive  lumps  or  nodules 
enclosed  within  the  very  lowest  beds  of  the  red  shale.  It  is  usually  a  very  dense  and  compact  form  of  the 
ordinary  brown  peroxide  of  iron,  and  for  the  most  part  contains  too  large  a  proportion  of  foreign  matter, 
paiidcularly  silica  and  manganese,  to  permit  it  to  yield  a  good  cast-iron.  When  smelted  alone,  the  product  has 
invariably  been  a  weaker  "cold-short"  metal.  This  ore  has  been  derived  apparently  from  the  ferruginous 
matter  diffused  tlirough  the  highly-coloured  layers  of  shale  in  the  inferior  portion  of  the  Umbral  red  shale. 
Another  ore  of  the  Umbral  series  is  the  interesting  deposit  seen  in  the  valley  of  Stafford  Meadow  Brook,  and 
which  has  been  already  sufficiently  described  at  page  358  of  this  volume.  It  resembles  the  Troiigh  Creek  ore 
both  in  its  chemical  aspect  and  its  stratigraphical  position.  The  preceding  Table  displays  the  prevailing  com- 
position of  the  several  ores  here  described  as  appertaining  to  the  Vespertine  series. 


CHAPTER  VIII. 

IRON  ORES  OF  THE  COAL  STRATA 

Ix  the  Coal-measures  of  Pennsylvania  we  meet  with  the  proto-carbonate  of  iron,  the  characteristic  iron-ore 
of  the  coal-formation,  under  a  great  variety  of  forms  and  minor  shades  of  composition.  The  Table  of  Analyses  of 
these  ores  will  serve  to  exhibit  the  chemical  constitution  of  the  whole  series,  and  to  show  certain  important  general 
differences  between  those  of  the  different  districts  of  our  vast  coal  region.  By  an  inspection  of  these  numerical 
results,  it  will  be  seen  that,  as  a  class,  our  carboniferous  ores  contain  but  a  small  amount  of  alumina,  and  are 
therefore  not  entitled  to  be  called  argillaceous  iron-ores  :  the  analyses,  on  the  contrary,  make  it  apparent  that 
their  chief  impurity  is  silica,  the  proportion  of  which  on  the  average  is  not,  however,  materially  greater  than  in 
the  clay  ironstones  of  Europe,  although  the  amount  of  alumina  is  considerably  less.  The  average  quantity  of 
silica  is  23  per  cent,  and  that  of  alumina  2.2  per  cent.  A  very  conspicuous  and  important  difference  is  noticeable 
between  the  ores  of  the  anthracitic  coal  -  basins  and  those  of  the  bituminous  :  the  former  are  of  a  coarser 
texture,  and  for  the  most  part  less  rich  in  iron,  and  this  difference  is  principally  owing  to  the  presence  of  a 
larger  proportion  of  sihca  and  insoluble  matter.  In  the  anthracite  ores  the  average  proportion  of  silica  is  28  per 
cent,  while  in  the  bituminous  ores  it  is  shown  to  be  18  per  cent.  From  this  greater  preponderance  of  the 
silicious  ingredient,  these  anthracitic  ores  are  more  difficult  of  reduction  in  the  furnace,  and  demand  a  larger 
proportion  of  limestone  flux.  One  main  obstacle  to  their  successful  use,  in  some  instances,  arises  from  the  tirm 
adhesion  of  a  portion  of  the  surrounding  shale  to  the  surface  of  the  nodules,  the  result  of  the  cementing  and 
indurating  action  to  which  all  the  rocks  of  the  anthracitic  region  have  been  subjected  from  subterranean  heat. 
Beyond  the  difference  in  the  silica  here  referred  to,  there  are  no  other  essential  points  of  disparity  between  the 
two  classes  of  ores  ;  both  contain  carbonate  of  lime  in  nearly  equal  proportion,  and  derive  from  the  presence  of 
this  flux  a  partial  corrective  of  the  silica  and  other  earthy  impurities.  Both  of  these  groups  of  ores  have  among 
their  constituents  frequently  two  or  three  per  cent  of  the  carbonate  of  magnesia,  an  element  wliicli  we  might 
naturally  look  for  in  association  with  the  carbonate  of  lime,  when  we  reflect  upon  its  general  abundance  in  tlie 
several  limestone  formations,  and  the  proofs  they  afford  of  the  general  prevalence  of  this  ingredient  in  the  ancient 
Appalachian  waters.  The  carbonate  of  manganese  likewise  constitutes  from  one  to  three  per  cent  of  the  weight 
of  many  of  these  ores,  but  this  element  and  the  carbonate  of  magnesia  are  seldom  present  in  sufficient  quantity 
to  impede  essentially  the  fusion  of  the  mineral  where  a  sufiBciently  copious  blast  is  employed,  and  the  fuel  used 
is  either  coke  or  anthracite. 

Of  particular  beds  appertaining  to  this  widely-diffu.sed  class  of  ores,  two  layers  are  sufficiently  important  and 
peculiar  to  merit  in  this  place  a  special  but  brief  notice.  One  of  these  is  the  so-called  Blackband  of  the  Bear 
Valley  Basin,  the  geological  facts  respecting  which  have  been  already  presented.  In  its  chemical  composition 
this  ore  differs  in  no  very  material  point  from  the  celebrated  and  very  valuable  blackband  ore  of  Scotland,  as  any 
analysis  of  the  latter  will  show.  The  sole  injurious  ingredient  in  the  anthracitic  blackband  is  its  sulphur,  but 
the  considerable  amount  of  "  coaly  matter  "  diffused  through  the  ore  will  tend  to  facilitate  the  burning  off  of  at 
least  a  part  of  this  in  the  process  of  roasting. 

Another  feature  of  chfference,  but  probably  not  a  very  important  one,  between  the  Pennsylvanian  and  the 
Scotch  blackband,  is  in  the  bituminous  nature  of  the  coaly  matter  contained  in  that  last  named,  and  of  which  the 
anthracitic  ore  is  necessarily  destitute.  This  bituminous  matter,  by  its  diffusive  flame  and  its  constituent 
hydrogen,  is  perhaps  the  most  efficient  agent  in  the  removal  of  any  sulphur  in  such  an  ore  that  Nature  could 
provide,  and  hence  one  reason  of  the  general  excellence  of  tlie  blackband  iron  of  Scotland. 

The  other  layer  of  ore  to  which  I  wish  to  advert,  is  the  much  more  extensive  stratum  appertaining  to  the 
lower  Coal-measures  of  the  bituminous  series  of  Western  Pennsylvania,  and  described  in  my  account  of  that 
district  as  the  limestone  or  buhr-stone  ore.  It  is,  as  I  have  already  amply  shown,  a  regular  and  widely-extended 
stratum  of  the  proto-carbonate  of  iron,  of  superior  purity  and  richness.     Overspreading,  as  it  does,  a  wide 
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geographical  area  in  tlie  fifth  and  sixth  bituminous  basins,  embracing  parts  of  the  Clarion  and  Alleghany  rivers, 
and  a  large  portion  of  Armstrong,  Venango,  Clarion,  Mercer,  Butler,  and  Beaver  counties,  it  has  already, — since 
attention  was  first  drawn  to  it  as  a  continuous  and  traceable  seam  of  ore,  in  my  Fourth  Annual  Eeport, — become 
the  basis  of  numerous  and  extensively-distributed  ironworks,  and  is  destined  to  be  hereafter  one  main  element  in 
the  future  rapid  march  of  wealth  and  manufactures  in  Western  Pennsylvania.  This  ore  consists  generally  of  a 
mixture  of  the  peroxide  and  proto-carbonate  of  iron,  the  latter  predominating,  except  near  the  outcrop,  where  the  ore 
is  composed  almost  exclusively  of  the  brown  hydrated  peroxide,  and  is  of  various  tints  of  brown  and  red.  Its 
structure  is  often  cellular,  the  irregular  cavities  being  surrounded  by  a  thinner  or  thicker  crust  of  the  ore.  In 
other  instances,  it  occurs  in  large  masses  in  which  the  ore  is  intimately  mingled  with  the  chert  upon  which  it 
reposes,  and  is  full  of  drusy  cavities,  lined  with  minute  crystals  of  quaitz,  tinged  red,  brown,  and  pink  by  the 
oxide  of  iron.  These  cavities  sometimes  contain  water.  Though  this  seam  of  ore  accompanies  the  limestone 
over  considerable  spaces  of  country,  it  is  not  strictly  continuous,  but  occurs  rather  in  large  patches  of  various 
thicknesses.  The  bhur-stone  and  the  iron  ore  would  seem  indeed  to  replace  each  other,  the  one  most 
abounding  where  the  other  is  deficient.  For  the  chemical  composition  of  this  ore,  see  the  analysis  in  the  Table 
which  follows.  The  great  importance  of  this  valuable  deposit  to  the  growing  wealth  and  enterprise  of  the 
Western  part  of  the  State  is  beginning  to  be  appreciated,  I  need  hardly,  therefore,  dwell  upon  it  farther  than 
to  mention  the  following  circumstances  in  its  favour :  Its  richness  far  exceeds  that  of  the  nodular  variety  com- 
mon in  the  slate  of  the  Coal-measures,  and  will  bear  comparison  with  much  of  the  best  ore  found  in  the  lime- 
stone valleys  S.E.  of  the  Alleghany  Mountain.  Another  merit  is  the  facility  with  which  it  may  be  smelted,  either 
alone  or  when  mixed  with  the  nodular  or  ball  ore,  and  particularly  with  the  bog  ore,  found  so  abimdantly  in 
Venango  and  Clarion  counties.  In  the  tliicker  parts  of  tlie  deposit  it  is  a  nearly  pure  semi-crystalline  proto- 
carbonate  of  iron,  a  variety  well  known  to  be  susceptible  of  extremely  easy  reduction.  It  is,  morever,  recom- 
mended by  the  readiness  with  which  it  can  be  traced,  arising  from  its  accompanying  closely  the  fossiUferous 
limestone,  which  is  an  excellent  landmark.  The  buhr-stone  assists  the  discovery  of  it  in  a  stiU  greater  degree, 
the  fragments  of  that  peculiar  rock  being  so  easily  recognised.  Besides  these  important  facts,  it  should  be 
mentioned  that  a  workable  seam  of  coal  occurs  above  the  ore  and  limestone,  and  another  beneath  them  at  a 
moderate  interval.  The  importance  of  this  triple  association  of  the  materials  necessary  in  the  manufacture  of  iron 
to  the  future  wealth  of  our  Western  counties,  must  be  obvious  to  every  one  who  adverts  to  the  incalculable 
advantages  which  Great  Biitain  has  derived  from  the  same  fortunate  union. 

The  ores  of  the  Coal-measm-es  display  at  their  outcrop  two  very  distinct  varieties  as  to  their  chemical 
composition — namely,  the  brown  peroxide  and  the  carbonate  of  iron — though  it  is  more  than  probable  that 
nearly  all  of  the  peroxide  has  been  originally  derived  from  the  other  kind.  The  carbonate,  which  is  a  compound 
of  tlie  protoxide  of  iron  and  carbonic  acid,  after  long  exposure  to  the  air,  absorbs  an  additional  amount  of 
oxygen,  losing  at  the  same  time  its  carbonic  acid,  and  is  thus  converted  into  the  brown  oxide  or  htematite.  This 
change  may  be  witnessed  in  all  its  stages  in  many  of  the  more  exposed  beds,  the  nodules  in  some  cases  being 
merely  coated  with  a  thin  shell  of  the  peroxide,  and  in  others  altered  to  a  considerable  depth,  leaving  but  a 
small  central  mass  of  carbonate  ;  and  again,  in  other  instances,  where  the  exposure  has  been  still  longer  and  more 
complete,  the  whole  has  been  transformed  into  the  brown  ore.  ' 

The  carbonate  ore  is  invariably  more  or  less  calcareous,  as  already  intimated,  and  in  many  cases  contains  so 
large  a  proportion  of  carbonate  of  lime  as  to  be  in  fact  a  ferruginous  limestone,  a  condition  especially  seen  in 
the  buhr-stone  ore.  When  the  above-described  change  has  arisen,  the  ore  is  foimd  to  have  lost  the  greater  part 
of  its  original  calcareous  matter,  and  hence  the  resultant  brown  ore  is  comparatively  exempt  from  that  ingredient. 
To  explain  this  effect,  it  is  only  necessary  to  advert  to  the  solubility  of  carbonate  of  Lime  in  the  percolating 
surface-waters,  and  to  the  fact  that  the  carbonic  acid  escaping  from  the  carbonate  of  iron,  in  its  conversion  into 
the  peroxide,  would  greatly  aid  in  the  solution  and  removal  of  the  calcareous  matter. 

Eespecting  the  origin  of  the  carbonate  of  iron  in  these  ores,  it  is  sufficiently  evident  from  the  texture  of  the 
nodular  ore  itself,  and  of  the  slates  surrounding  it,  that  the  whole  mass  of  each  ore -bearing  bed  was  primarily 
deposited  as  a  fine  calcareous  and  ferruginous  mud,  in  which  was  included  a  large  amouut  of  organic  matter, 
especially  the  fragments  of  the  carboniferous  vegetation,  and  in  some  cases  certain  species  of  shells.  In  these 
deposits  the  iron  was  at  first  probably  in  the  state  of  peroxide,  as  in  nearly  all  finely-pulverised  and  long- 
exposed  sediments.  By  the  slow  decomposition  of  the  organic  materials,  a  part  of  the  oxygen  of  the  peroxide 
would  be  withdrawn  to  combine  with  the  carbon  and  hydrogen  of  the  organic  siibstances,  and  the  iron  would  be 
thus  left  in  the  state  of  protoxide.  At  the  same  time  the  carbonic  acid  formed  by  the  oxidation  of  the  carbon  Avould 
unite  with  the  protoxide,  and  give  rise  to  the  proto-carbonate  of  iron.  As  long  as  any  orgaiiic  matter  remained 
in  the  mass,  this  change  would  continue,  and  in  this  way  the  whole  of  the  peroxide  of  the  original  sediment 
may  be  conceived  to  have  been  converted  into  carbonate.  The  same  action  now  continuing,  though  in  a  slighter 
degree,  must  tend  to  protect  the  carbonate  from  the  decomposing  action  of  the  atmosphere,  and  thus  in  many 
cases  to  retard  its  conversion  into  the  brown  oxide. 

The  nodular  form  of  the  ore  is  evidently  a  subsequent  result,  and  must  be  referred  to  the  agency  of  a 
concreting  force  among  the  particles  by  which  the  carbonates  of  iron  and  lime,  previously  diffused  in  a  imiform 
manner  throughout  the  mass,  have  been  gathered  arovuid  certain  centres.  Some  of  the  superficial  beds  of  brown 
ore  resting  upon  the  outcrop  of  the  coal-rocks,  would  seem  to  be  derived  rather  from  the  sulplun  et  of  iron  diffused 
in  the  adjoining  slates,  as  in  cases  previotisly  mentioned,  than  from  the  decomposition  of  the  nodular  carbonates. 
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These  liave  nothing  of  the  continuous  regularity  of  the  layers  of  the  nodular  ore,  and  they  bear  a  strong  resem- 
blance to  the  loose  ore-deposit  of  the  older  Appalachian  slates. 

In  further  elucidation  of  this  interesting  subject,  I  take  the  liberty  of  introducing  here  a  valuable  brief  essay 

ON  THE  ORIGIN  AND  ACCUMULATION  OF  THE  PROTO-CAEBONATE  OF  IRON  IN 

COAL-MEASURES,  &c. 

BY  PROFESSOR  WILLIAM  B.  ROGERS. 

This  compound,  as  we  know,  where  mined  in  the  Coal-measures,  presents  itself  in  courses  of  lenticular 
nodides  and  interrupted  plates  usually  included  in  carbonaceous  shales,  and  in  the  fire-clays  which  underlie  the 
seams  of  coal,  and  in  such  cases  it  often  forms  a  heavy  ore  containing  but  little  earthy  or  organic  matter  mixed 
with  the  proto-carbouate  ;  but  it  is  also  frequently  met  with  in  a  diffused  condition,  pervading  thick  strata  of  shale 
and  shaly  sandstone,  and  causing  these  rocks  to  present  in  their  ditferent  layers  all  the  gradations  of  composition 
from  a  poor  argillaceous  and  sandy  ore,  to  beds  of  sandstone  and  shale,  with  little  more  than  a  trace  of  the 
ferruginous  compound. 

On  comparing  the  different  subdivisions  of  a  system  of  Coal-measures,  we  may  remark  certain  general 
conditions  connected  with  the  abundance  or  with  the  comparative  absence  of  the  proto-carbonate  in  the  strata. 

One  of  these  is  seen  in  the  fact  that  the  lenticular  ores  and  strata  impregnated  with  proto-carbonate  of  iron  are 
in  a  great  degree  restricted  to  such  divisions  of  the  carboniferous  rocks  as  include  beds  of  coal,  or  are  otherwise  heavily 
charged  with  carbonaceous  matter.  This  is  well  shown  on  comparing  together  the  four  subdivisions  of  the  carboni- 
ferous rocks  of  the  great  trans- Alleghany  coal  region,  as  classified  under  the  head  of  the  Serai  Coal  Series  of  the 
Pennsylvania  and  Virginia  geology.  In  the  first  of  these,  designated  as  the  older  Coal-measures,  the  proto- 
carbonate  is  found  in  larger  amount,  both  in  the  shape  of  layers  of  lenticular  ore,  and  diffused  through  the  sub- 
stance of  the  shaly  strata.  In  the  next  division  above,  distinguished  as  the  Older  Barren  Shales,  and  which,  as 
the  name  implies,  is  comparatively  devoid  of  carbonaceous  matter,  much  less  of  the  proto-carbonate  is  met  with. 
In  the  third  group,  that  of  the  newer  Coal-measures,  the  ore  again  abounds ;  and  in  the  uppermost  division  or 
Newer  Barren  Shales,  it  has  a  second  time  almost  disappeared. 

The  connection  between  the  development  of  the  proto-carbonate  in  the  strata,  and  the  presence,  either  now 
or  formerly,  of  a  large  amount  of  carbonaceous  or  vegetable  matter,  becomes  even  more  striking  on  a  detailed 
examination  of  particular  beds.  Thus  in  the  coarse  sandstones  of  the  Coal-measures  which  are  comparatively 
destitute  of  vegetable  remains,  we  find  little  admixture  of  the  proto-carbonate.  On  the  other  hand,  the  fine- 
grained flaggy  argillaceous  sandstones,  which  are  often  crowded  witli  the  impressions  and  carbonised  remains  of 
plants,  are  at  the  same  time  more  or  less  impregnated  with  this  ferruginous  compound.  So  again,  the  soft 
argillaceous  shales,  in  the  midst  of  which  the  lenticular  ore  so  frequently  presents  itself,  show  by  their  dark 
colour  and  included  impressions  of  plants,  as  well  as  by  actual  analysis,  that  they  are  richly  imbued  with  vege- 
table matter.  Nor  do  the  nearly  white  fire-clays,  which  in  many  cases  enclose  thick  courses  of  the  lenticular 
ore,  form  any  excej^tion  to  this  law  ;  for  although,  in  their  present  state,  they  contain  little  or  no  carbonaceous 
matter,  the  marks  of  innumerable  roots  of  Stigmaria,  and  parts  of  other  plants  which  everywhere  joenetrate  the 
mass,  show  that  at  one  time  they  must  have  been  crowded  with  vegetable  remains. 

A  further  and  yet  more  striking  proof  of  the  influence  which  the  contiguous  vegetable  matter  has  had  in  the 
formation  of  the  proto-carbonate  is  seen  in  the  fact  that  the  most  productive  layers  of  the  ore  are  commonly  met 
with  quite  near  to  the  beds  of  coal,  and  that  frequently  courses  of  the  nodules  are  found  in  the  carbonaceous 
shales  or  partings  which  lie  in  the  midst  of  the  seam  itself. 

While  the  strata,  including  the  proto-carbonate,  are  thus  distinguished  by  the  admixture  of  more  or  less 
carbonaceous  matter,  they  are  also  remarkable  for  seldom  exhibiting  a  distinctly  red  tint.  Presenting,  where  not 
weathered,  various  shades  of  greenish-grey  and  olive  and  bluish-black,  they  only  become  brown  or  red  where, 
by  exposure  to  the  air,  the  proto-carbonate  has  been  converted  into  the  sesquioxide  of  iron.  On  the  other  hand, 
those  divisions  of  the  Coal-measures  which  have  been  but  slightly  charged  with  vegetable  matter — as,  for  example, 
the  Barren  shales  of  the  Serai  coal-rocks  before  alluded  to — contain  much  red  material  both  in  distinct  strata  and 
mottling  the  general  mass,  and  are  throughout  more  or  loss  impregnated  with  the  sesquioxide. 

A  like  general  law  as  to  colour  would  seem  to  apply  to  the  other  great  groups  of  sedimentary  rocks  which 
include,  in  particular  beds,  accumulations  of  vegetable  or  other  organic  exuviaj.  Thus  in  the  new  and  old  Red- 
sandstone  formations,  which  generally  include  so  large  a  proportion  of  sediment  coloured  by  the  I'ed  oxide  of  iron, 
organic  remains  are  of  comparatively  rare  occurrence,  and,  when  present,  are  met  with  almost  exclusively  in  the 
grey,  and  olive,  and  dark-coloured  strata  which  are  interpolated  in  certain  parts  of  the  great  masses  of  red 
material.  This  relation  is  beautifully  shown  in  the  middle  secondary  rooks  of  the  Atlantic  Slope,  which  extend 
in  a  prolonged  belt  from  the  Connecticut  Valley  into  the  State  of  South  Carolina.  In  the  strata  of  red  sandstone 
and  shale  which  form  the  chief  part  of  the  mass,  vegetable  or  animal  cxuvite  are  almost  entirely  absent ;  but  the 
remains  of  fish  and  impressions  of  carbonised  parts  of  plants  occurring  in  this  group  of  dejiosits  are  found 
imbedded  in  layers  of  greenish  and  olive  sandstones  and  dark  bituminous  shales.  So  in  the  S.  parts  of  the  belt 
in  Virginia  and  North  Carolina,  where  these  rocks  include  seams  of  coal  and  extensive  beds  of  sandstone  and 
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sliale,  containing  the  remains  of  plants,  the  usual  red  colour  is  found  to  give  place  to  the  grey,  olive,  and  dark 
tints  of  the  old  Coal-measures,  and  layers  of  proto-carbonate  of  iron  show  themselves  in  the  vicinity  of  the  coal- 
seams. 

Taken  in  mass,  the  red  and  mottled  strata  of  the  unproductive  Coal-measures,  or  of  the  other  groups  of  red 
rocks  above  alluded  to,  would  no  doubt  be  found  to  contain,  in  an  equal  thickness,  as  large  an  amount  of  iron  as 
the  coal-bearing  strata  which  include  the  layers  of  carbonate — the  difference  being,  that  in  the  former  case  the 
metal  remains  for  the  most  part  diffrised  through  the  rock  as  a  sesquioxide ;  while,  in  the  latter,  having  assumed 
the  condition  of  proto-carbonate,  it  has  to  some  extent  been  concenti-ated  in  particular  layers  or  strata.  According 
to  a  rough  estimate  of  the  amount  of  carbonate  ore  included  in  the  lower  Coal-measures  of  the  Laurel  Hill  region 
of  Virginia  and  Pennsylvania,  derived  from  a  detailed  examination  of  the  ores  and  associated  strata  at  several 
points,  it  may  be  safely  assumed  that  the  equivalent  of  sesquioxide  of  iron  would  not  amount  to  one-third  of  one 
per  cent  of  the  whole  mass  of  this  portion  of  the  Coal-measures,  and  a  proportion  not  exceeding  this  is  deducible 
from  the  measured  sections  of  ore  and  accompanying  rocks  in  the  carboniferous  strata  of  other  tracts  subjected  to 
a  similar  calculation. 

But  even  allowing  a  quantity  three  times  as  great  as  this  to  cover  the  diffused  carbonate,  and  the  oxide 
in  some  cases  mingled  with  it,  we  should  have  only  about  one  per  cent  to  represent  the  proportion  of  fernaginous 
matter  in  the  entire  mass — an  amount  undoubtedly  much  less  than  what  exists  in  many  of  the  strata  of  red  and 
purple  shales  and  shaly  sandstones  of  the  carboniferous  series,  or  of  the  groups  of  red  rocks  geologically  above  or 
beneath  it. 

In  attempting  to  explain  the  origin  of  the  proto-carbonate  under  the  conditions  above  described,  it  is  import- 
ant to  keep  in  view  the  fact  of  the  diffusion  of  this  compound  through  many  of  tlie  strata  as  a  general  constituent, 
and  the  frequent  preservation  even  in  layers  of  the  ore  of  the  lamination  of  the  contiguous  rock.  The  siipposition 
of  its  being  a  chemical  deposit  formed  from  springs  charged  with  carbonic  acid,  and  holding  proto-carbonate  in 
solution,  is  evidently  inconsistent  with  these  conditions,  and  not  less  so  with  the  fact  of  the  great  horizontal 
extension  of  individual  beds  of  ore  and  impregnated  shaly  rocks. 

In  view  of  these  various  considerations  it  may  be  concluded — 

First,  That  throughout  the  Coal-measures  and  other  groups  of  rocks  above  mentioned,  as  well  in  the  portions 
containing  coal  and  diffused  vegetable  and  animal  matter  as  in  tlie  barren  parts,  the  original  sediment  was  more 
or  less  charged  with  sesquioxide  of  iron  ;  and, 

Second,  That  this  sesquioxide  in  the  presence  of  the  changing  vegetable  matter  with  which  certain  of  the 
strata  abounded,  was  converted  into  proto-carbonate,  which  remained  in  part  diffused  through  these  beds,  or  by 
processes  of  filtration  and  segregation  was  accunnilated  in  particular  layers. 

It  is  well  known  that  during  tlie  slow  chemical  changes  by  which  vegetable  matter  enclosed  in  moist  earth 
is  converted  into  lignite  or  coal,  both  light  carburetted  liydrogen  and  carbonic  acid  are  evolved,  and  that  these 
gases  are  even  eliminated  from  coal-seams  and  their  adjoining  carbonaceous  strata.  The  reducing  agency  of  the 
carbon  and  hydrogen,  as  they  separate  in  their  nascent  state  from  the  organic  matter,  is  capable,  as  we  know,  of 
converting  certain  sulphates  into  sulphurets,  and  even  more  readily  of  transforming  the  sesquioxide  of  iron  into 
protoxide.  The  latter  change  would  doubtless  be  favoured  by  the  affinity  of  the  carbonic  acid  present  in  the 
mass,  for  the  protoxide  thus  formed,  and  in  tliis  way  the  sesquioxide  would  be  entirely  converted  into  the  proto- 
carbonate  of  iron. 

Conceiving  a  like  process  to  have  operated  on  a  large  scale  in  the  Coal-measures  or  other  strata  containing, 
when  deposited,  a  mixtiire  of  sesquioxide  of  iron  and  organic  matter,  we  have  a  simjjle  exjjlanation  of  the  general 
Conversion  of  this  oxide  into  carbonate,  and  of  the  loss  of  the  reddish  colouring  in  which  these  materials  more  or 
less  participated.  As  these  actions  must  be  supposed  to  have  commenced  in  each  stratum  as  soon  as  the  organic 
matter  contained  in  it  began  to  suffer  chemical  change,  we  may  conclude  that  the  formation  of  the  proto-cai-bonate 
was  already  far  advanced  in  the  earlier  strata  when  only  beginning  in  those  deposited  at  a  later  period.  Each 
layer  of  vegetable  matter,  as  it  was  transformed  into  coal,  would  not  fail  to  impregnate  the  adjoining  beds  of  shale 
and  sandstone  with  the  proto-carbonate,  and  thus  the  development  of  this  compound  was,  as  it  were,  coeval  with 
that  of  the  coal. 

The  gathering  of  the  diffused  proto-carbonate  into  bands  and  courses  of  ore  began,  no  doubt,  as  soon  as  the 
production  of  this  compound  had  made  some  progress ;  but  it  probably  continued  until  long  after  the  completion 
of  the  chemical  changes  above  described,  and  indeed  it  is  possible  that  in  some  strata  it  is  not  yet  entirely 
finished.  In  this  process,  which  finds  a  simple  explanation  in  the  combined  action  of  infiltration  and  the  segregating 
force,  it  can  hardly  be  questioned  that  the  carbonic  acid  pervading  the  mass  of  sediment  acted  a  very  important 
part.  The  large  aniormt  of  this  gas  evolved  from  the  beds  of  vegetable  matter  irndergoing  change  would  impart 
to  the  water  of  the  adjoining  strata  the  power  of  dissolving  the  diffused  proto-carbonate,  which  being  then  carried 
by  infiltration  through  the  more  porous  beds,  would  accumulate  above  and  within  the  close  argillaceous  or  shaly 
layers,  forming  in  some  cases  bands  of  rock  ore,  in  others,  courses  of  nodular-  and  plate  ores.  Of  these,  the  former 
would  seem  to  have  resulted  from  the  accumulation  by  gravity  of  the  dissolved  carbonate  in  the  substance  of 
sandy  shales  near  the  upper  limit  of  the  more  impervious  beds,  while  we  may  regard  the  latter  as  having  been 
collected  in  all  directions  from  the  general  charge  of  proto-carbonate  accunndated  in  the  argillaceous  mass,  its 
mobility  in  the  dissolved  condition  greatly  aiding  the  gathering  process  of  the  segregating  force. 


ANALYSES  OF  THE  IKON  OEES  OF  THE  COAL-MEASURES.  739 

The  following  Table  presents,  in  a  condensed  view,  the  chemical  constitution  of  all  the  chief  varieties  of  the 
iron  ore  of  the  several  coal  regions  : — 
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Localities,  Anthracitic 

Carbonate 
of 
Iron. 

Perox- 
ide of 
Iron. 

Carbonate 
of  Man- 
ganese. 

Carbo- 
nate of 
Lime. 

Garb  of 
Miig- 
nei^ia. 

Silica  and 
Insoluble 
Matter. 

Alumi- 
na. 

Carbonaceous 
Alatter,  dec. 

Water. 

Metallic 
Iron  in 
100  Farts. 

Description  op  the  Oees. 

Tunnel  N.  of  Gate  Vein, 

Pottsville, 

80.85 

... 

1.00 

3.86 

9.08 

2.06 

1.02 

2.00 

39.09 

Close-grained,  blue,  fracture 

slightly  conchoidal. 

N.  American  Mines,  Potts- 

Sulphur, a 

ville,  .... 

39.82 

a  trace 

1.00 

2.35 

50.80 

2.80 

trace. 

2.00 

19.21 

Texture  coarse,   unctuous ; 

Below  Rabbit  -  Hole  Vein, 

Carb.  120 

spots  of  iron  pyrites. 

Pottsville, 

63.30 

a  trace 

1.50 

1.60 

25.00 

3.20 

Carb.  122 

1.50 

32.6 

Lenticular,  nodular,  blue. 

Below  a  bed  of  coal  at  Potts- 

ville, .... 

67.80 

1.00 

0.39 

a  trace 

29.00 

1.30 

.50 

33.9 

Slate-blue,  hard,  rough. 

M'Carty  s  Tunnel,  Pottsville, 

26.02 

19.36 

a  trace 

0.07 

4.04 

46.40 

2.08 

1.00 

26.39 

C11j.11                I'lil  1 

blate-blue,  slightly  unctuous, 

False  Salem   Vein,  Guinea 

micaceous. 

Hill,  Pottsville, 

56.20 

a  trace 

a  trace 

0.3 

39.30 

2.80 

.50 

.20 

32.48 

Compact,  earthy,  micaceous. 

Guinea  Hill,  Pottsville, 

63.3 

a  trace 

1.4 

32.0 

2.80 

.40 

30.66 

Externally  in  concentric  la- 

Guinea Hill,  14  inches,  Potts- 

mina}. 

ville,  .... 

67.69 

1.26 

2.0 

21.0 

1.60 

1.00 

1.40 

34.72 

Blue,  compact,  unctuous. 

Mann  and  Williams'  Tunnel, 

Pottsville, 

72.00 

a  trace 

2.08 

1.52 

21.50 

1.60 

1.00 

3.00 

36.00 

Blue,  slaty,  unctuous. 

Mann  and  Williams'  Tunnel, 

Sulphur 

Pottsville, 

79.20 

a  trace 

a  trace 

a  trace 

15.0 

2.60 

a  trace. 

1.60 

42.8 

Blue,  earthy,  unctuous. 

Carb.  1.30 

Guinea  Hill,  another  bed, 

Pottsville, 

31.53 

31.31 

a  trace 

... 

31.08 

a  trace 

... 

6.06 

37.14 

Externally  concentric,  brown; 

internally  hard,  blue,  mea^ 

gre  t  both  analysed. 

Rabbit- Hole  Vein,  Pottsville, 

48.33 

15.06 

2.03 

3.11 

511 

20.25 

1.28 

1.81 

3.02 

33.35 

Dull  bluish-black,  compact. 

St  Clair  Tract,  Pottsville,  . 

42.38 

21.32 

3.64 

27.63 

a  trace 

5.03 

34.86 

Externally  concentric,  brown; 

internally  compact  ;  blue. 

average  of  all. 

St  Clair  Tract,  Pottsville,  . 

66.67 

2.55 

a  trace 

8.25 

a  trace 

13.90 

2.25 

6.10 

33.96 

Slate-blue,  compact. 

Mount  Laffy,  Pottsville, 

39.54 

14.57 

0.50 

a  trace 

a  trace 

40.00 

4.60 

32.52 

Browui.sh,  compact,  meagre. 

Mount  Laffy,  another  bed, 

Bi-Sul- 

Pottsville, 

45.50 

1.00 

6.00 

7.50 

30.00 

2.25 

phuret  of 

7.00 

22.05 

Blue,   compact,  crystals  of 

Iron,  0.60 

yellow  iron  pyrites. 

Mount  Laffy,  another  bed. 

Pottsville, 

39.54 

15.56 

0.30 

a  trace 

a  trace 

39.00 

0.50 

4.50 

31.50 

Brown,  slaty,  slightly  unctu- 

Zachariah's Run,  Pottsville, . 

31.07 

14.37 

1.25 

2.20 

44.80 

1.00 

5.00 

25.05 

ous. 

Bluish,  slaty,  micaceous. 

Zachariah's  Run,  Pottsville, . 

35.13 

28.10 

2.39 

0.92 

8.79 

21.62 

0.91 

1.00 

41.88 

Dark  blue,  slaty,  and  com- 

pact, more  external  brown 

crust. 

Port  Carbon, 

53.56 

1.08 

36.01 

a  trace 

9.35 

37.14 

Dull  brown,  laminated,  with 

Summit  Mine  of  Lehigh, 

37.40 

a  trace 

a  trace 

45.65 

18.60 

Carb.  acid 

4.00 

22.98 

clay. 

Slate-blue,  compact,  nodu- 

Mount Eagle,  Black  Spring 

a  trace. 

lar,  conchoidal,  rusty. 

Gap,  Dauphin  County, 

73.94 

10.36 

2.95 

2.07 

6.63 

1.54 

1  99 

42.22 

Nearly  black,  slaty. 

Near  Shamokin,  .  . 

56.90 

24.90 

a  trace 

a  trace 

16.05 

1.00 

1.50 

44.87 

Dark  blue,  compact,  andslaty, 

Shamokin    Mines,  another 

surface  rusty. 

bed,  .... 

74.50 

a  trace 

5.40 

a  trace 

14.30 

2.80 

2.50 

35.98 

Bluisb-black,  close-grained, 

conchoidal. 

Shamokin  Mines,  a  third  bed, 

63.20 

1.00 

a  trace 

31.15 

1.50 

1.50 

30.52 

Blue-grey,    coarse,  subcrys- 

Shamokin  Mines,  a  fourth 

talline. 

bed,  .... 

58.00 

8.45 

4.50 

a  trace 

a  trace 

15.44 

4.50 

Org.  Matter 

7.50 

45.92 

Slate,  blue  internally,  kidney 

1.50 

ore,  compact,  surface  rusty. 

Shamokin  Big  Mountain, 

79.50 

a  trace 

4.80 

a  trace 

Org.  Matter 

12.50 

55.65 

Light  chestnut-brown,  cellu- 

2.50 

lar  ;  a  surface  specimen. 

Near  Wilkesbarre, 

37.00 

1.20 

1.00 

1.50 

0.50 

38.00 

3.00 

1.50 

4.50 

30.10 

Bluish-grey ;  externally  rusty. 

slaty. 

Lackawanna  Valley, 

39.10 

14.05 

1.00 

2.00 

1.00 

-33.10 

2.00  iCarb.  Mat- 

5.00 

32.50 

Bluish,  conchoidal,  unctuous. 

ter,  2.00 
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TABLE  OF 

ANALYSES  OF 

±  n  r. 

CARBONATES 

— Oont 

IjOCAliti e3  Bitumi nous 
Districts. 

Carbonate 
of 

Perox- 
ide of 

Peroxide 
of  Man- 

Carb. 
of 

Carb.  of 

Silica  and 
Insoluble 

Alumi 
na. 

Carbona- 
ceous Mat- 

Water. 

Metallic 
Iron  in 

Description  of  the  Ore. 

Iron. 

Iron. 

ganese. 

Lime. 

sia. 

Matter. 

ter,  &c. 

100  Parts. 

iVtirtliQ.'u.s,  defirnelu,  Oounty 

(uefl.r  the  congloiiierute),  . 

iy.oo 

o4.oU 

a  trace 

QA  Afi 

oU,4U 

1  7n 

Q  On 

Jjlottled- bro wHj  nodular  con- 

centric, crust  biematitic. 

Ptiint  Creek,  Cambria  Co.j  . 

60.90 

12.60 

... 

3.00 

14.74 

2.00 

6.50 

Qfl  OO 

Buff  and  slate-blue^  spftny^ 
compact. 

Near  Clearfield  Creek,  Clear- 

field Couutyj    ,       ,  . 
3  miles  SAY.  of  Clearfield, 

50.48 

12.7.0 

a  trace 

0.70 

0 

29.01 

A  KQ 

QO  77 

Mottled-grey,  nodular,  sparry. 

near  the  river, 

OD.OO 

1  1  Q 

l.lo 

1.26 

a  trace 

3.16 

36.11 

Dark  blue,  rusty,  compact, 

Same  as  above,  another  va- 

s em  i-c  ry  s  tal  line. 

riety,  .... 

00. o/ 

OA  (  0 

0  Of^ 

1  A7 

2.08 

1  A 

a  trace 

Sulphur,  a 
trace. 

1.04 

AK 

40.04 

Dull  blue,  compact ;  drusy 
cavities,  "with  quartz  and 

Bear  Creek  Hul,  J3Iossbu.rg, 

pyrites. 

Tioga  Comity^  .  . 

44,/  y 

0.4  1 

... 

Q*7  OQ 

A  Q  4 

6.23 

0*7  f\K 

Mottled  -  reddish  and  grey, 
compact  and  oolitic. 

JDlossburg,same  bed  as  above, 

... 

Ofi  fiCl 

A  ^0 

A  4  4 

U.44 

oy.oo 

l.Oo 

lo.ol 

Dingy  -  brown,  internally 
ochrey  in  concentric  earthy 
layers. 

aruer's,  Bennett  s  Branch, 

Clearfield  County,  , 

A  0 
o.\j 

OO.Ov 

a  trace 

2.0 

Of!  CiK 

Jjignt  grey,  ooutic. 

Bennett's  Branch,  above  War- 

ner Sj '      .        .        •  . 

/  o.oi 

A  OA 

a  trace 

a  trace 

14. 4d 

1  AA 

urg.  iviaL- 

O.OU 

i^uii  Diue^  concentric,  eartuy. 

Bennett  s  Branch,  Limestone 

ter,  0.50 

Vein,  .... 

00.  iU 

0  KCi 
v.D\J 

Fi  5?A 

5.40 

1 J3  QA 

O  1  A 

3.00 

o4.i  Z 

Blue  -  grey  :  kidney  -  shaped 

Blairsville,  Westmoreland 
County,  .... 

balls. 

0.O\J 

1 1  .DO 

O  "A 

Ql  Q7 

Bluish-grey,  compact,  coarse. 

and  semi-crystalline. 

xJlciirsville,  ti  uitiGrGnt  VtiriGty, 

/  .40 

^  01 
0.^4 

1  0 

a  trace 

ft  A 

^7  01 

Dove-colour,  smooth,  nodu-* 

Lockport  (Bog-ore),  West- 
moreland County,    .  • 

lar. 

77.00 

4.50 

4.0 

1.50 

Urg.  Mat- 

1 O  A 

f^Q  QA 

BrowUj    ochreous,  porous. 

ter,  1.22. 

(Bog- ore.) 

Lockport,  Westmoreland  Co., 

7  RA 
1  .oU 

a  trace 

on  A  1 

a  trace 

2.40 

33.32 

Dove  -  colour,  nodular,  con- 

choidal,  close-grained. 

Lockport,  Westmoreland  Co., 

45.30 

O  OA 

32.0 

A  r  A 
4.0U 

9.45 

1  o  rr 
I.Zd 

A 

u.U 

01  c*^ 

Slate-blue,  compact,  sUghtly 

conchoidal. 

Phipps'  Furnace,  Scrubgrass, 

Venango  County, 

yo.uu 

a  trace 

a  trace 

2.10 

O.oO 

a  trace 

1.0 

41.30 

Slate-blue,  externally  brown, 
compact  ball-ore* 

Kockland  r  umace,  V  enango 

County,  .... 

O  /^A 

1  4.0U 

A  f!;A 

Org.  Mat- 
ter, a  trace. 

O  A 
J.U 

Oo.UO 

Blue,  externally  brown,  no- 
dular, compacL 

Kutcher's,  Clarion  County,  . 

Tii  QA 

0.50 

6.0 

1 3.30 

i.U 

O  A 

'^Q  AQ 

Buhr-stone  ore,  bluish-grey. 

compact,  conchoidal,  spa— 
those. 

Is-utcner  s,  another  specimen, 

fi*7  A^ 
o  /  ,U4 

i<  Af: 

K  AQ 

A  A  S 

1  A^ 

f^i  1 1 

04. 1* 

Dull-red,  mottled,  sofc,  and 
porous,  outcrop-ore. 

Lucmda    r  urnacGj  Clarion 

County,  .... 

^-Q  00 

l.oU 

4.80 

U.o4 

1  4  OA 

14. .iU 

04W  0 

Chestnut  -  brown,  cellular, 

Madison    Furnace,  Clarion 

burnt-stone  ore. 

County,  .       .  , 

/  0.  i 

a  trace 

a  trace 

'I  fin 

OT 

Dull  -  brown,  cellular,  inter- 

nally compact,  burnt-stone 

Porterfield's  Furnace,  Clarion 

ore. 

County,  .... 

25.30 

45.04 

1.00 

1.78 

21.50 

0.70 

A  AA 
4.vU 

Reddish  -  brown,  oolitic,  no- 

Porterfield's Furnace,  Clarion 

dular,  concentric  crust. 

County,  .... 

79.20 

1.00 

5.30 

a  trace 

14.00 

55.44 

Brown,  slightly  cellular. 

Deal  Bank,  1  mile  S.  of  Ship- 

pensville,  Clarion  County, 

83.00 

2.00 

2.81 

a  trace 

12.50 

58.10 

Purplish  -  brown,  hsematitic. 

cellular. 

County,  .       .       •  , 

68.32 

a  trace 

15.54 

1.35 

10.58 

a  trace 

4.00 

32.95 

Internally  brownish-blue,  ex- 

ternally brown  j  nodular. 

Buffalo    Creek,  Armstrong 

compact. 

County,  .... 

54.33 

a  trace 

a  trace 

40.90 

0.50 

4.00 

25.34 

More  silicious  than  the  fore- 
going. 

Bog  Ores : 

Smuller's  Furnace,  Bog-ore, 

Venango  County, 

80.12 

0.50 

3.80 

a  trace 

Org.  Mat- 

13.00 

56.07 

Brownish  yellow,  soft  and 

Hickory    Furnace,  Butler 

ter,  2.00 

pulverulent  (bog-ore). 

County,  .... 

78.60 

0.40 

4.80 

a  trace 

Org.  Mat- 

14.00 

55.02 

Cinnamon-brown,  brittle,  with 

ter,  2.00 

plates  of  haematite  (bog-ore). 
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To  appreciate  correctly  tlie  geology  and  mineral  resources  of  Pennsylvania,  it  is  necessary  that 
we  should  estimate  them  in  their  relations  to  those  of  the  rest  of  the  great  area  of  the  middle 
zone  of  the  continent,  of  which  the  State  forms  but  a  portion.  With  a  view,  therefore,  to 
co-ordinate  it  with  the  whole,  and  with  the  geology  of  other  quarters  of  the  globe,  and  for  the  sake 
of  illustrating  local  phenomena,  which  can  only  be  rightly  understood  through  a  broad  survey  of 
the  entire  field,  I  offer  to  the  reader,  as  an  appendix  to  the  foregoing  special  description  of  the 
State,  the  following  general  sketch  of  the  Geology  of  the  United  States. 

The  geological  formations  of  the  United  States  comprehend  both  sedimentary  and  igneous 
rocks  of  all  ages,  from  the  earliest  gneissic  and  granitic  masses  of  the  primordial  crust,  to  the  latest 
depositions  and  eruptions  of  the  post-tertiary  and  existing  times.  The  sequence  of  formations  is, 
however,  not  so  full  as  in  Europe,  there  being  a  few  important  geological  periods  not  represented 
by  any  strata  hitherto  discovered  on  the  American  Continent.  This  is  a  fact  of  much  theoretical 
interest,  as  it  implies  that  the  crust  movements  were  not  always  coincident  in  time,  nor  in  the 
same  directions,  on  the  opposite  sides  of  the  Atlantic.  While  the  American  stratigraphical 
column  is  deficient  in  some  members  of  the  great  series  of  deposits  found  in  Europe,  it  is  appa- 
rently more  full  than  the  European  in  the  subordinate  formations  composing  certain  great  groups 
which  the  two  possess  in  common. 

The  comparative  geology  of  the  two  continents  will  be  learned  from  the  following  Table, 
which,  omitting  any  ultimate  analysis  of  the  rocks  into  formations,  represents  only  the  great 
natm-al  groups,  or  larger  series  of  sedimentary  deposits,  and  gives  the  co-ordination  of  these 
members  of  the  two  scales  with  each  other. 


Periods  represented  American  Equivalents, 

by  European  Strata. 

Kecent   Eepresented  on  a  grand  scale,  especially  in  the  alluvial  deposits  of  the  present  rivers. 

Quaternary...  Eepresented  by  extensive  terrestrial,  alluvial,  lacustrine,  marine,  and  volcanic  deposits. 
Pleistocene...  Represented  by  terrestrial  deposits,  with  bones  of  extinct  mammalia,  by  boulder-drift,  and  the 

Lawrentian  marine  clays  and  sands. 
Pliocene   Represented  by  shelly  sands  on  the  Atlantic  seaboard  from  Virginia  to  Texas,  and  by  similar  and 

other  manne  deposits  in  California,  and  by  fresh-water  deposits  in  Nebraska. 
Miocene   Represented  by  marine  beds  in  New  Jersey,  Delaware,  Maryland,  Virginia,  and  Carolina,  and 

extensively  in  Oregon  and  CaUfoniia  ;  also  by  fresh-water  strata  in  Nebraska. 
Eocene   Represented  by  extensive  marine  clays,  sands,  and  limestones,  along  the  seaboard  of  the  Southern 

States  ;  by  wide  fresh-water  basins  in  the  plains  E.  of  the  Rocky  Mountains  ;  and  by  marine 

deposits  in  the  Pacific  slope  in  California. 
Cretaceous  ...  Diffused  extensively  from  New  Jersey  to  Alabama,  and  thence  Westward  to  the  Rockv  Mountains, 

under  the  form  of  sands,  clays,  marls,  and  soft  grey  limestones,  layers  of  gypsum,  and  beds  of 

the  characteristic  greensand. 
Wealden   Probably  not  represented  in  North  America,  though  suspected  to  occur  near  the  Judith  River  on 

the  Missouri. 
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Periods  represented 

by  European  Strata.  American  Equivalents. 

J URAssic    Eepresented  in  Virginia  and  North  Caro- 

lina by  a  group  of  bituminous  coal- 
measures,  and  in  the  valley  of  the 
Connecticut  and  on  the  Atlantic  Slope, 
from  the  Hudson  Eiver  to  North  Caro- 
lina ;  and  again,  in  Nova  Scotia  and 
Prince  Edward  Island,  by  belts  of  a 
red  shale  and  sandstone  formation. 

Triassic   Not  represented  by  any  formations  yet 

discovered,  imless,  perhaps,  by  the 
above  supposed  Jurassic  red  sand- 
stone, &c. 

Permian   Supposed  to  be  represented  by  deposits 

overlying  Coal-measures  in  Kansas 
and  Illinois,  and  believed  to  be  in  the 
BlackHillsandGuadaloupe  Mountains. 
Carboniferous.  Eepresented  very  extensively  in  the 
United  States  by  Coal-measures  and 
other  carboniferous  strata,  from  the 
Appalachian  Mountains  to  the  Mis- 
souri Eiver,  and  within  and  W.  of 
the  Eocky  Mountains. 

Devonian   Formations   of  Devonian  date  occur, 

widely  diffused  and  under  great  de- 
velopment, from  the  Appalachians  to 
the  Eocky  Mountains,  both  as  respects 
their  thickness  and   the  variety  of 
their  organic  remains. 
Silurian   Strata  of  Silurian  age  are  found  exten- 
sively distributed  in  the  Appalachi- 
ans and  in  the  Western  States,  and 
likewise  in  the  Eocky  Mountains. 
Cambrian,  or  Older  Silurian.    Strata  of  Cambrian  or 
Older  Silurian   age  abound  in  the 
United  States,  from  the  Atlantic  Slope 
to  the  Eocky  Mountains,  and  probably 
to  the  Pacific  chain  ;  but,  like  all  the  other  older  Paljeozoic  series,  tliey  are  extensively  overlaid 
and  concealed  by  formations  of  later  date. 
Azoic,  or  Semi-Metamorphic.    Eocks  of  the  Azoic  series,  or  the  Semi-Crj-stalline  strata,  next  earlier  in  date  to 
the  first  fossiUferous  formations,  abound  in  the  Atlantic  Slope,  in  the  Eocky  Mountains,  and  in 
the  Sierra  Nevada,  and  coast-ranges  of  California. 
Hypozoic,  or  True  Metamorphic.    The  Gneissic  or  ancient  Metamoiphic  Eocks  occur  extensively  on  the  Atlantic 
Slope,  especially  in  New  England,  also  in  the  Lawrentian  water-.shed  N.  of  the  St  Lawrence  and 
Great  Lakes,  and  likewise  in  the  Eocky  Mountains,  and  in  the  great  chain  of  Calitbvnia  and 
Oregon. 

Igneous  Eocks...  The  Igneous  Eocks  of  the  United  States,  and  the  territories  adjoining,  are  recent  volcanic  erup- 
tions of  the  volcanoes  of  Oregon  and  Califomia  and  Mexico,  and  similar  volcanic  ejections  of 
various  tertiary  dates  ;  also  tertiary  and  middle  secondary  basaltic  and  trappean  emissions  in 
great  abundance  on  the  Pacific  side  of  the  continent;  and  along  the  Atlantic  Slope,  extensive  out- 
bursts of  trap,  of  apparently  Jurassic  age,  and  there  and  in  the  Eocky  Mountains  numerous 
dykes  and  outflows  of  Plutonic  rocks,  of  all  earlier  periods,  to  the  most  ancient  granites  and 
greenstones,  contemporaneous  with  the  earliest  Hypozoic  strata. 

Looking  at  the  general  features  of  the  Geological  Map  of  the  United  States,  and  the  terri- 
tories adjoining,  and  viewing  the  more  prominent  points  in  the  geological  structure  of  this  middle 
portion  of  North  America,  we  perceive  it  to  consist  of  five  great  natural  areas  :  two  of  them,  the 
largest  and  most  irregular,  include  nearly  all  the  tracts  of  the  more  ancient  or  Hypozoic  and 
Palaeozoic  rocks,  while  the  other  three  contain  the  chief  part  of  the  newer  secondary  and  tertiary, 
or  Mesozoic  and  Cainozoic  deposits.    Of  the  two  older  area?,  the  more  Eastern  embraces  all  that 
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great  division  of  the  United  States  and  the  British  Provinces  which  spreads  from  the  Atlantic 
coast,  and  S.  of  New  York  from  the  Atlantic  plain,  W.  to  the  Missouri  River,  or  approximately 
to  the  longitude  of  97°  W.,  and  which,  in  a  N.  and  S.  direction,  extends  from  the  termination  of 
the  Appalachian  Chain  in  Alabama,  and  from  the  Washita  River,  in  Northern  Texas,  to  the 
Northern  limit  of  the  United  States,  or  the  territory  of  Hudson  Bay.  Throughout  this  extensive 
district,  which  comprises  about  one-half  of  the  total  breadth  of  the  continent  in  these  middle 
latitudes,  there  are  scarcely  any  formations  of  a  later  geological  age  than  the  Upper  Coal-measures, 
if  we  except  certain  relatively  small  strips  and  patches  of  Pleistocene  tertiary  bordering  some  of 
the  Northern  lakes  and  rivers,  and  that  wide  and  general  superficial  covering,  the  Boulder-Drift, 
which  only  partially  conceals  the  more  ancient  rocky  strata,  and  which  is  therefore  not  represented 
by  any  special  colour  on  the  Map,  except  in  the  outline  of  its  lower  or  Southern  border.  The 
other,  or  more  Western  region  of  the  ancient  rocks,  includes  the  Rocky  Mountains  and  their 
spurs,  the  table-land  of  Northern  Mexico,  and  the  whole  chain  of  California,  from  the  peninsula 
of  that  name  to  the  Northern  and  Western  ridges  of  the  Sierra  Nevada  and  the  Pacific  coast  range. 
This  area  lies  approximately  between  105"  and  123°  of  W.  longitude.  It  is  far  less  compact  than 
the  Eastern  or  Atlantic  region,  being  much  subdivided  by  numerous  and  large  patches  of  the 
Cretaceous  strata,  stretching  round  the  Rocky  Mountains  into  the  desert  plateaus  W.  of  them,  and 
by  still  wider  tracts  of  modern  tertiary  deposits,  covering  the  vast  arid  plains  and  slopes  of 
Oregon,  Washington,  Utah,  and  California,  from  the  Wahsatch  Mountains  to  the  foot  of  the 
Sierra  Nevada.  This  large,  irregular,  mountainous,  and  desert  tract,  includes  rocks  of  all  ancient 
epochs,  from  the  earliest  Hypozoic  to  the  Coal-formation  inclusive,  and  abounds  in  igneous  rocks 
of  yet  more  various  ages,  from  the  earliest  Plutonic  injections  to  the  latest  erupted  sands  and 
ashes  of  recently-expired  or  still  living  volcanoes. 

Of  the  three  areas  of  the  more  modern  formations,  chiefly  Cretaceous  and  Tertiary,  the  central 
one,  immeasurably  the  largest,  may  be  defined  as  spreading  from  the  Southern  termination  of 
the  Appalachian  Hills  in  Georgia  and  Alabama,  W.  to  the  table-lands  of  Mexico,  N.W.  to  the  E. 
foot  of  the  Sierra  Nevada  of  Calif oruia,  and  the  Cascade  Chain  of  Oregon,  and  N.  by  the  broad  plain 
of  the  Upper  Missouri,  to  an  undefined  limit  in  the  N.  part  of  the  Continent,  in  the  desert  steppes 
which  lie  beyond  that  river,  and  E.  of  the  Rocky  Mountains.  The  Eastern  and  central  portions 
of  this  enormous  field  of  Tertiary  and  Cretaceous  strata,  the  sediments  of  a  great  inland  sea, 
now  for  the  most  part  a  succession  of  elevated  sterile  plains  and  high  semi-rainless  deserts,  is  only 
here  and  there  interrupted  by  the  intrusion  of  detached  patches  or  island-like  masses  of  the  older 
rocks  ;  but  the  W.  division  of  the  tract,  or  that  between  the  Rocky  Mountains  and  the  Sierra 
Nevada,  is  much  more  cut  up  and  diversified  by  mountain-spurs  and  outstanding  hills  and  ridges 
of  the  older  formations.  The  scenery  of  this  division  of  the  continent,  from  the  plains  E.  of  the 
Rocky  Mountains  to  the  great  Pacific  Sierra,  being  thus  composed  of  extensive  horizontal  table- 
lands, deeply  gashed  by  the  passage  of  ancient  waters,  and  of  high  protruding  mountains  of  every 
variety  of  contour,  embraces  landscapes  which  are,  perhaps,  the  grandest  and  most  picturesque 
to  be  found  upon  the  continent. 

The  two  remaining  natural  geological  areas  are  the  two  oceanic  belts,  chiefly  tertiary,  which 
fringe  respectively  the  Atlantic  and  the  Pacific  slopes.  The  Easternmost  of  these — an  extension, 
properly,  of  the  great  central,  Newer-Secondary,  and  Tertiary  region — stretches  from  the  S.  point 
of  the  Appalachians,  in  a  gradually-contracting  belt,  along  the  Atlantic  seaboard,  as  far  to  the  N.E. 
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as  Long  Island  and  Martha's  Vineyard.  It  embraces  the  whole  of  Florida,  and  aU  the  lower 
country  of  Georgia,  of  the  two  Carolinas,  and  of  Eastern  Virginia,  Maryland,  Delaware,  and  South- 
ern New  Jersey,  It  is  nowhere  diversified  by  outbursts  of  igneous  rocks,  or  the  protrusion  to  the 
surface  of  any  of  the  ancient  formations,  but  is  characterised  throughout  by  the  monotonous 
features  of  a  low,  very  level  plain,  intersected  by  broad  and  generally  tidal  rivers  and  estuaries, 
and  fringed  along  a  great  extent  of  its  sea  margin  by  extensive  low  swamps. 

The  other  zone  of  modern  or  Tertiary  strata,  that  of  the  narrow  Pacific  slope  of  Oregon  and 
California,  spreading  from  the  base  of  the  Sierra  Nevada  and  Cascade  Mountains  to  the  shore  of 
the  Pacific,  is  much  more  diversified  and  interrupted  in  its  physical  features  than  the  belt 
bordering  the  Atlantic.  Consisting  of  sedimentary  formations  of  geological  dates  corresponding 
to  that  belt,  excepting  that  hitherto  no  strata  of  the  Cretaceous  age  have  been  discovered  in  it,  it 
has  been  so  severely  and  frequently  invaded  by  crust  movements,  and  by  actual  volcanic  erup- 
tions, as  to  have  acquired,  over  a  large  portion  of  its  length,  an  excessively  rugged  surface  and 
diversified  structure. 

With  this  general  view  of  the  constitution  and  aspect  of  the  five  great  geological  areas  into 
which,  for  convenience  of  description,  we  have  divided  the  part  of  the  continent  occupied  by  the 
United  States,  we  shall  pass  to  a  more  detailed  account  of  the  special  geology  of  each  division. 

HYPOZOIC  AND  AZOIC  METAMORPHIO  ROCKS. 

Commencing  our  description  with  the  oldest  formations,  and  observing  the  ascending  chrono- 
logical order,  the  first  two  systems  of  rocks  recognised  are  those  known  as  the  Metamorphic 
strata.  This  large  class  includes,  in  reality,  two,  and  in  some  districts,  three  distinct  systems  of 
altered  sedimentary  rocks,  all  greatly  metamorphosed  by  igneous  action,  and  plicated  and  con- 
torted in  their  bedding,  and  therefore  difficult  of  stratigraphical  analysis.  These  several  meta- 
morphic series  are  nevertheless  distinguishable,  when  closely  investigated,  by  not  merely  their 
difierences  of  crystalline  constitution,  but  by  the  great  horizons  of  unconformable  contact  which 
separate  them,  amounting  to  breaks  of  parallelism  both  in  strike  and  dip. 

GNEISSIC  ROCKS. 

Description  of  the  Rocks. — The  oldest  of  these  systems  is  that  of  the  true  Gneissic  or  most 
ancient  Hypozoic  metamorphic  rocks.  It  consists  of  the  highly-crystallised  or  true  Gneiss  in  all 
its  varieties — quartzose,  felspathic,  micaceous,  and  hornblendic,  with  fully-developed  or  typical 
mica-schist,  talc-schist,  chlorite-schist,  and  the  other  crystalline  schists  usually  classed  with  the 
genuine  or  older  Gneiss.  Intruded  among  these  strata  are  numerous  veins  and  dykes  of  the 
true  igneous  or  Plutonic  rocks  of  various  relative  ages,  but  those  which  especially  characterise 
this  gneissic  system  are  the  Granitic  and  Sienitic  rocks,  the  most  ancient  of  the  Plutonic  class. 
Predominant  above  all  the  crystalline  strata  associated  with  it,  is  a  massive  Sienitic  gneiss,  or 
thick-bedded  gneissoid  rock,  having  in  its  composition  an  excess  of  felspar  and  quartz.  The 
more  micaceous  varieties  of  the  true  Gneiss  of  the  United  States  are  frequently  distinguished  by 
an  abundance  of  the  mineral,  garnet. 

Semi-metamorphic  or  Azoic  Strata. — There  probably  exist  more  than  one  extensive  or  at 
least  wide  break  in  the  succession  of  strata  between  the  Gneissic  series  and  the  overlying 
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Fossiliferous  PalcBOzoic  formations.  Indeed,  since  the  early  years  of  the  geological  surveys  of 
Virginia  and  Pennsylvania,  two  such  have  been  partially  recognised  on  the  Atlantic  Slope  in  those 
States,  and  subsequently  the  Canadian  geological  survey  has  brought  to  light  two  horizons  of 
discontinuity,  apparently  identical  with  these,  insulating  a  middle  metamorphic  series  of  chloritic 
and  epidotic  schists,  and  highly-altered  conglomerates,  from  the  Gneissic  rocks  below  them,  and 
from  the  Palaeozoic  strata  above.  This  intermediate  or  Azoic  semi-metamorphic  system  of  strata 
— recognised  since  1839,  E.  of  the  Blue  Ridge  in  Virginia — consists  mainly,  along  the  Atlantic 
slope  of  the  Southern  States,  of  various  coarse  talcoid  and  chloritic  schists,  semi-porphyritic 
arenaceous  grits  and  conglomerates,  and  jaspery  and  plumbaginous  slates,  all  penetrated  exten- 
sively by  metalliferous  veins  and  dykes,  particularly  of  gold-bearing  quartz,  and  by  dykes  of 
porphyritic  greenstone,  epidote,  and  other  older  Plutonic  rocks.  Nevertheless,  it  is  impossible, 
in  the  present  early  stage  of  minute  field  research,  to  define  with  any  accuracy,  over  large  spaces 
of  country,  the  upper  and  the  lower  limits  of  this  more  or  less  independent  semi-metamorphic 
system  ;  and  it  is  especially  difficult  at  present  to  separate  it  from  the  overlying  genuine  Palaeo- 
zoic formations,  into  which,  indeed,  this  series  may  probably  graduate  in  many  districts  without 
any  physical  break  at  all.  The  Azoic  sediments  were  succeeded  by  the  Palaeozoic,  in  some  quar- 
ters apparently  with,  in  some  without,  the  interruption  of  a  disturbance  of  levels,  with  undula- 
tion amounting  to  mechanical  unconformity.  In  view  of  this  uncertainty  respecting  the  true 
limits  of  the  older  groups,  no  attempt  is  here  made  to  define,  in  the  regions  of  the  Metamorphic 
rocks,  more  than  two  systems — the  genuine  or  older  gneissic,  and  the  later  or  semi-metamorphic 
strata,  the  latter  including  both  the  supposed  middle  series,  or  true  Azoic  strata,  and  the  proper 
Palaeozoic  formations  altered  in  type.  This  merging  of  these  two  latter  groups  under  one  series 
is  made  indispensable  by  the  absolute  impossibility  of  ascertaining  at  present  the  true  base  of  the 
Palaeozoic  system,  for  the  history  of  geology  forbids  us  to  believe  that  research  has  yet  detected 
the  actual  horizon  of  the  dawn  of  animal  and  vegetable  life  upon  our  globe.  The  tint  selected  to 
represent  those  Azoic  and  altered  older  Palaeozoic  rocks  on  the  Map  no  doubt  covers  likewise 
some  tracts  of  the  genuine  Hypozoic  or  Gneissic  strata,  for  nowhere,  even  along  the  Atlantic 
Slope,  have  all  the  outcrops  of  the  latter  been  as  yet  detected,  and  accurately  mapped.  As  a 
general  rule,  it  will  be  found  that  the  lower  or  non-fossiliferous  Palaeozoic  formations  occupy 
those  parts  of  the  semi-metamorphic  belts  which  lie  most  contiguous  to  the  zones  of  genuine 
fossiliferous  strata,  while  the  true  Gneissic  rocks,  involved  in  the  same  general  plicated  tracts, 
occur  on  the  side  most  remote  from  those  upper  boundaries,  namely,  for  the  Atlantic  Slope  on  the 
E.  or  S.E.  margin  of  the  semi-metamorphic  belt. 

Along  aU  the  Northern  border  of  the  Great  St  Lawrence  Basin,  there  stretches,  from  the 
Strait  of  Belle-Isle  almost  to  the  Missouri  River,  a  broad  irregular  zone  of  ancient  Gneissic  and 
granitic  rocks,  represented  in  pale  pink  upon  my  Geological  Map  of  the  United  States.  In  this 
imperfectly-explored  belt,  both  in  certain  districts  in  New  England  and  elsewhere,  the  folds  or 
troughs  of  the  Gneiss  undoubtedly  contain  many  outlying  remnants  of  semi-metamorphic  strata, 
some  pertaining  to  the  Azoic  system,  some  to  the  Palaeozoic  ;  but  no  data  at  present  exist  for  any 
definition  of  their  local  boundaries  ;  and  therefore  in  this  portion  of  the  map,  the  pink  colour 
must  be  interpreted  as  representing  all  the  metamorphic  rocks — both  those  of  the  true  Hypozoic 
and  those  of  the  Palaeozoic  classes. 

Metamorphic  Palceozoic  Strata. — The  metamorphic  and  semi-metamorphic  rocks,  w^hich  are 
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referable  with  the  least  ambiguity  to  the  true  Palaeozoic  system  of  formations,  are  the  three 
lowest  series  or  groups  of  that  system,  often  greatly  disguised  both  as  respects  their  structure  and 
their  original  composition,  by  innumerable  plications  and  cleavage-joints,  and  by  a  pervading 
condition  of  crystallisation  of  their  materials.  The  lowest  group — the  Primal  series,  so  called,  of 
the  geological  surveys  of  Pennsylvania  and  Virginia — extending  almost  the  whole  length  of  the 
Atlantic  Slope,  from  the  Blue  Ridge  of  the  Southern  States  to  the  Green  Mountains,  and  even  to 
Gaspe,  has  especially  been  subjected,  in  all  its  S.E.  outcrops,  to  thorough  metamorphism.  But 
great  alteration  from  igneous  action  has  extended  in  like  manner  to  the  two  other  series — the 
Auroral  and  Matinal  groups,  constituting  with  the  Primal  the  older  Palaeozoic  system  of  the 
country.  Under  their  more  altered  type,  some  of  the  strata  of  the  oldest  or  lowest  of  the  Primal 
slates  have  the  aspect  of  semi-talcose,  chloritic,  and  micaceous,  and  even  hornblendic  schists,  with 
porphyritic,  epidotic,  and  roofing  slates  ;  the  Primal  white  sandstone  has  the  aspect  in  some  cases 
of  vitreous  quartz  rock,  in  others  of  a  stratified  felspar  ;  the  impure  or  earthy  magnesian  lime- 
stones at  the  passage  of  the  Primal  into  the  Auroral  series,  has  the  crystalline  structure  of  coarse 
granular  yellowish  and  white  dolomite  and  marble,  with  seams  and  partings  of  crystalline  scaly 
talc ;  and  the  Auroral  blue  limestone  possesses  the  aspect  and  texture  of  white  and  mottled  crystal- 
line marble,  with  semi-plumbaginous  laminse  ;  while  the  grey  sandstone  of  the  Matinal  series  has 
that  of  a  highly-indurated  semi-porphyritic  grit,  the  more  argillaceous  Matinal  shale  being  in  the 
condition  of  indurated  semi-crystalline  clay-slate,  partially  talcose  or  nacreous,  and  intimately 
pervaded  with  cleavage.  A  characteristic  feature  of  all  these  metamorphic  deposits  is  a  close 
plication  or  compressed  undulation  of  the  strata.  This  is  seen  in  the  steep  dips,  which  agree  ap- 
proximately in  their  direction  over  wide  belts,  and  even  extensive  tracts  of  country.  The  alternate 
foldings  of  the  beds  do  not  take  place  about  axis-planes  that  are  perpendicular,  but  about  planes 
that  incline  at  angles  of  60°  or  70°  to  the  horizon.  Still  farther  to  confuse  the  true  order  of  the 
strata,  they  are  generally  pervaded  by  countless  planes  of  cleavage,  which  likewise  dip  with  the 
imaginary  axis-planes,  or  geometric  planes,  bisecting  the  anticlinal  and  synclinal  folds.  Through- 
out the  Atlantic  Slope,  in  the  chain  of  the  Green  Mountains  of  Massachusetts, Vermont,  and  Canada, 
this  plication  observes  a  remarkable  constancy  in  its  direction,  the  axis-plumes  dipping,  with  few 
exceptions,  towards  the  S.E.,  or  the  quarter  of  the  more  ancient  rocks  and  chief  igneous  disturb- 
ances and  dislocations  of  the  country.  These  close  plications,  approaching  to  parallelism,  are  only 
the  extreme  local  exhibition  of  a  great  general  undulation,  with  parallel  lines  of  elevation  and 
depression,  affecting  the  entire  Atlantic  Slope  and  Appalachian  Chain  in  a  stupendous  system  of 
waves,  which  everywhere  progressively  dilate  and  flatten  down  in  a  N.W.  dii'ection. 

In  the  great  Pacific  Chain  this  law  of  close  pHcation  has  not  yet  been  wrought  out  in  geolo- 
gical sections,  but,  judging  from  the  universal  parallelism  of  the  dip  of  the  strata,  and  its  great 
steepness,  we  doubt  not  that  a  similar  structure  will  be  found  to  exist  in  that  wide  zone  of  moun- 
tains. 

Geographical  Distrihution. — The  Metamorphic  and  Semi-metamorphic  strata,  thus  defined 
and  explained,  constitute,  it  will  be  observed,  two  great  zones,  diverging  respectively  SW.  and 
W.  from  the  Gulf  of  St  Lawrence.  One  is  a  coast  belt,  the  zone  of  the  Atlantic  Slope,  extending 
from  Newfoundland  through  Nova  Scotia,  New  Brunswick,  and  the  New  England  States,  between 
the  waters  of  the  Atlantic  and  the  St  Lawrence,  and  prolonged  more  inland  through  New  York, 
New  Jersey,  Pennsylvania,  and  the  Southern  States,  to  the  end  of  the  Appalachian  hills  in 
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Georgia  and  Alabama.  It  constitutes  a  large  irregular  tract  between  the  Atlantic  Ocean  and 
the  Connecticut  River  in  New  England — the  hills  of  Maine  and  New  Hampshire  abounding  in 
Plutonic  rocks  and  minerals.  The  main  Gneissic  zone  terminates  at  the  estuary  of  the  Hudson, 
but  its  N.W.  axes  are  prolonged  across  that  river,  forming  the  chain  of  the  Hudson  highlands, 
and,  with  diminished  breadth  and  elevation,  extending  to  the  river  Schuylkill  in  Pennsylvania. 
From  the  Delaware  River  the  great  Southern  zone  of  Gneiss  ranges  to  Baltimore,  Washington, 
Richmond,  Augusta,  and  onwards,  maintaining  its  position  on  the  S.E.  border  of  the  Atlantic  Slope 
to  Wetumpka  in  Alabama.  Parallel  belts  and  spurs  from  this  main  zone  extend,  at  various  inter- 
vals, towards  the  N.W.,  in  the  middle  of  the  Atlantic  Slope,  but  throughout  the  tract  the  typical 
Gneiss  is  subordinate  in  development  to  the  crystalline  schists  of  equivocal,  though  probably 
later  age.  The  other  more  irregular  belt  starts  from  the  N.  coast  of  the  St  Lawrence  Gulf,  runs 
S.W.  parallel  with  the  river  of  that  name,  to  the  great  lakes,  and  then,  deflecting  towards 
the  N.W.,  sweeps  the  N.  shores  of  Luke  Huron  and  Lake  Superior,  and  reaches  the  Lake  of  the 
Woods,  where  one  great  spur  of  it  runs  off  to  the  S.W.,  nearly  to  the  Missouri  River,  the  main 
zone  still  holding  on  N.  W.,  with  a  gradual  Northward  inflection  towards  the  Arctic  coasts  of  the 
continent.  The  first  of  these  we  shall  call  the  Appalachian  or  Atlantic  Metamorphic  Belt,  while 
the  other  may  claim  the  name  of  the  Lawrentian — the  Lawrentine  Mountains  constituting  a 
portion  of  this  zone  of  uplifted  rocks.  An  extensive  tract  of  Hypozoic  and  Palaeozoic  metamorphic 
rocks  occupies  the  N.  part  of  Wisconsin,  and  the  adjoining  part  of  Michigan  between  the  Mis- 
sissippi River  and  Lake  Superior.  It  seems  to  be  a  spur  from  that  portion  of  the  Lawrentian 
gneissic  zone  which  bounds  Lake  Superior  on  the  N.E. 

Standing  out  somewhat  from  the  metamorphic  region  of  the  Atlantic  slope  of  New  England, 
there  exists  in  the  N.E.  angle  of  New  York,  between  Lake  Champlain  and  Lake  Ontario,  a  broad 
rugged  district  of  these  older  crystalline  formations,  surrounded  on  all  sides  by  the  most  ancient 
of  the  fossiliferous  Palaeozoic  strata.  The  district  of  the  Adirondack  Mountains  occupies  the 
angle  at  the  forking  of  the  two  long  primary  zones  we  have  been  describing,  and  serves  in  a  mea- 
sure to  unite  them.  It  embraces  both  hypozoic  and  greatly-altered  palaeozoic  masses.  Other 
insulated  exhibitions  of  the  ancient  metamorphic  rocks  occur  to  the  West  of  the  Mississippi, 
in  three  or  more  detached  areas,  or  local  igneous  axes  ;  namely,  in  the  Ozark  Mountains  in  the 
State  of  Missouri,  in  the  Washita  Hills  W.  and  S.  of  the  Arkansas  River,  and  in  Central  Texas, 
on  the  Rio  Colorada,  S.  of  the  little  river  San  Saba.  Still  more  detached  than  the  last-named 
from  the  main  palaeozoic  region  of  Eastern  America,  is  that  of  the  Witchita  Mountains,  which 
rise  N.  of  the  Red  River  from  out  of  the  broad  cretaceous  plains  of  Northern  Texas. 

In  the  great  Primary  region  of  the  W.  half  of  the  continent,  there  exist  numerous  tracts  of 
the  metamorphic  strata,  both  Gneissic  and  altered  Palaeozoic,  with  probably  others  of  interme- 
diate age,  containing  the  Granitic  and  other  ancient  Plutonic  rocks,  which  so  invariably  accom- 
pany these  formations.  Long  and  important  outcrops  of  the  true  gneissic  strata  occur  throughout 
nearly  the  entire  range  of  the  Rocky  Mountains,  including  their  S.  spurs  in  New  Mexico.  These 
rocks  especially  abound  in  the  main  axis  of  the  chain  which  divides  the  head-waters  of  the 
Missouri  from  the  great  Columbia  of  the  Pacific  ;  also  in  the  Wind  River  Mountains,  a  prolon- 
gation of  the  same,  and  in  the  Coeur  dAlene,  or  Bitter  Root  Mountains,  W.  of  the  main  axis. 
They  prevail  likewise  in  the  Big  Horn  range  near  the  Yellowstone,  and  in  the  central  parts  of  the 
Black  Hills.    From  the  N.  fork  of  the  Nebraska,  to  the  sources  of  the  Rio  Pecos  near  Santa  Fe,  the 
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highest  serrated  crests  of  the  Eocky  Mountains,  and  the  chief  axes  of  nearly  all  the  flanking  ridges, 
exhibit,  we  believe,  the  gneissic  and  granitic  rocks  in  extensive  outcrops  ;  and  the  same  is  true  of 
the  Guadaloupe,  Christabelle,  and  other  insulated  ridges,  which  rise  out  of  the  cretaceous  plains 
near  the  Eio  del  Norte  in  New  Mexico  and  Texas.  To  the  West  of  the  Eocky  Mountains  the 
Gneissic  rocks  show  themselves  in  some  of  the  higher  axes  of  the  great  Wahsatch  range  E.  of 
the  Utah  Desert,  and  in  several  of  the  ridges  of  the  Humboldt  Mountains  in  the  centre  of  that 
vast  sterile  tract.  On  the  W.  side  of  the  continent,  these  ancient  strata  appear  extensively  at 
intervals  from  the  Columbia  Eiver  to  the  Californian  peninsula,  especially  at  the  E.  base  and  in 
the  higher  crests  of  the  Sierra  Nevada  ;  also  in  the  Coast  Mountains,  in  the  San  Barnardino 
Mountains,  in  the  chain  of  Lower  California,  in  the  Colorado  Desert,  and  in  the  Mexican  chain 
of  Sonora.  Even  in  the  volcanic  chain  of  the  Cascade  Mountains  of  Oregon,  and  in  still  more 
insulated  exposures  in  the  volcanic  desert  of  the  Columbia  Eiver,  and  in  the  Tertiary  country  of 
the  Pacific  Slope,  these  ubiquitous  rocks  peer  to  the  surface  in  numerous  locahties. 

Mine7'als. — In  the  Gneissic  belts  magnetic  iron-ore  and  sulphuret  of  iron  abound.  Magnetic 
oxide  of  iron  is  found  in  great  veins  or  dykes  in  these  districts,  especially  where  the  typical 
Gneiss  exists  in  greatest  preponderance,  and  where  it  has  been  much  convulsed,  as  in  the 
Adirondack  Hills  and  the  outlying  spurs  W.  of  Lake  Champlain,  and  in  the  Hudson  highlands, 
extending  from  Connecticut  across  New  York  and  New  Jersey  to  Eeading  on  the  Schuylkill. 
These  dykes  vary  in  length  from  100  feet  to  more  than  a  mile.  Some  have  the  form  of  huge 
flattened  oval  columns  lying  obliquely  between  the  strata,  but  not  conforming  to  their  dip.  The 
chief  portions  of  these  metalliferous  injections  actually  cut  the  strata,  though  for  long  spaces  they 
may  seem  to  conform  to  their  bedding.  The  semi-metamorphic  Azoic  rocks  are  richer  in  metallic 
ores  than  the  early  Gneissic.  In  the  Atlantic  Slope  these  ancient  crystalline  schists  contain 
numerous  veins  of  the  ores  of  lead,  copper,  zinc,  iron,  and  other  metals.  They  enclose  the  quartz 
veins  which  form  the  matrix  of  the  gold  of  California  and  the  S.  Atlantic  States,  and  embrace 
the  trappean  outbursts,  which  contain  the  great  masses  of  copper  ore  on  the  borders  of  Lake 
Superior,  which  all  ajjpear  to  have  been  injected  during  the  deposition  of  the  earlier 
Palaeozoic  strata. 

PALEOZOIC  FOKMATIONS. 

The  Palaeozoic  or  Ancient  Secondary  Formations  constitute  probably  one-half  of  the  total 
area  of  the  United  States,  and  the  bordering  possessions  of  Great  Britain  on  the  N.  They,  along 
with  the  Hypozoic  rocks,  underlie,  indeed,  so  large  a  portion  of  the  whole  surface  of  North 
America,  as  to  entitle  this  continent,  in  comparison  with  Europe,  where  they  are  very  subordinate 
in  extent  of  area  to  the  later  Secondary  and  Tertiary  deposits,  to  be  styled  geologically  the  Old 
World  rather  than  the  New.  A  Palaeozoic  sea  appears  to  have  spread  itself  from  the  Hypozoic 
belt  of  the  Atlantic  Slope,  across  the  entire  breadth  of  the  present  continent,  to  the  Eocky  and 
Californian  Mountains,  and  N.W.  over  the  region  of  the  present  basin  of  the  Mackenzie  Eiver, 
even  as  far  as  the  existing  border  of  the  Arctic  Ocean.  This  we  may  call  the  Appalachian 
Palaeozoic  basin,  from  the  mountain-chain  on  its  S.E.  border,  in  which  the  sediments  of  this 
side  of  that  ancient  sea  are  so  extensively  and  wonderfully  exposed.  It  appears  to  have  been 
separated  from  another  Palaeozoic  basin,  which  occupied  all  the  N.E.  tracts  of  the  continent,  and 
had  apparently  its  centre  in  the  great  mediterranean  sea  of  Hudson  Bay,  and  its  ancient  borders 
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in  that  long  semicircular  zone  of  Primary  or  Hypozoic  rocks  which  sweeps  from  Labrador,  N.  of 
the  St  Lawrence  and  the  Great  Lawrentian  lakes,  by  Lake  Winnipeg,  Lake  Athabasca,  and 
Great  Slave  Lake,  to  the  Arctic  coast  between  the  Coppermine  and  Great  Fish  rivers. 

The  Appalachian  Palaeozoic  deposits  of  the  E.  half  of  the  United  States  are  naturally  grouped 
by  their  organic  remains,  and  the  characters  of  their  sediments,  into  Fifteen  distinct  series  or 
sets  of  formations,  extending  from  the  deposits  which  witnessed  the  very  dawn  of  life  upon  the 
globe,  to  those  which  saw  the  close  of  the  long  American  Palseozoic  day,  or  from  the  lowest 
fossiliferous  strata  to  the  uppermost  beds  of  the  coal  series.  These  fifteen  different  compound 
formations,  the  accumulations  of  as  many  successive  sedimentary  or  formative  periods,  are 
distinguished  by  their  special  physical  comjDOsition  and  structure,  and  by  their  organic  types. 
In  the  region  of  their  thickest  development,  or  in  the  Appalachian  Mountains,  where  the  whole 
system  embraces  both  deep-sea  and  land-derived  or  shore-formed  accumulations,  the  total  thick- 
ness of  these  slowly-collected  sediments,  the  graves  of  so  many  successive  generations,  is  not  less 
than  30,000  or  35,000  feet.  The  names  we  have  assigned  to  the  fifteen  main  Palseozoic  series 
— those  which  have  been  employed  in  the  geological  surveys  of  Pennsylvania  and  Virginia — are 
terms  significant  of  the  difierent  natural  periods  into  which  the  day  divides  itself,  from  earliest 
dawn  to  latest  twilight,  and  which  are  metaphorically  expressive  of  the  relative  dates  of  produc- 
tion of  the  several  formations.  These  periods,  applicable  only  to  the  American  Palseozoic  day, 
are  the  Primal,  Auroral,  Matinal,  Levant,  Surgent,  Scalent,  Pre-Meridian,  Meridian,  Post-Meridian, 
Cadent,  Yergent,  Ponent,  Vespertine,  Umbral,  and  Serai, — signifying  the  periods,  respectively,  of 
the  Dawn,  Daybreak,  Morning,  Sunrise,  Ascending-Day,  High-Morning,  Forenoon,  Noon,  After- 
noon, Waning-Day,  Descending-Day,  Sunset,  Evening,  Dusk,  and  Nightfall.  A  nomenclature 
based  on  time  is,  for  many  reasons,  preferable  to  the  inexpressive  ones  in  vogue,  which  rest  on 
local  geographical  names,  or  narrow  and  inconstant  palseontological  characters,  and  is  certainly 
preferable  to  the  geographical  nomenclature  of  the  European  Palseozoic  formations,  which, 
devised  for  the  deposits  of  a  wholly  difierent  ancient  basin,  are  inapplicable  to  the  vsubdivisions 
of  the  American  strata,  with  which  there  is  no  such  strict  equivalency  or  co-ordination  as  to 
warrant  their  having  the  same  appellations. 

The  three  earliest  formations,  or  rather  series  of  strata — the  Primal,  Auroral,  and  Matinal — 
are  the  near  representatives  in  geological  time  of  the  European  Palseozoic  deposits,  from  the 
first-formed  fossiliferous  beds  to  the  close  of  the  Bala  group  ;  that  is  to  say,  they  are  the  proxi- 
mate representatives  of  the  Cambrian  series  of  Professor  Sedgwick.  The  formations  of  the  next 
four  periods — the  Levant,  Siirgent,  Scalent,  and  Pre-Meridian — are  the  very  near  representatives 
of  the  true  European  Silurian  deposits,  regarding  this  series  as  commencing  with  the  May  Hill 
formation — Upper  Caradoc  sandstone  of  England — or  the  horizon  which  separates  the  middle 
from  the  older  Palteozoic  divisions.  Throughout  nearly  every  explored  portion  of  the  Appalachian 
or  American  Palseozoic  basin  (certainly  from  the  Atlantic  Slope  to  the  Missouri  Eiver — that  is, 
half-way  across  the  continent)  there  exists  both  a  physical  and  a  palseontological  hreak  in  the 
succession  of  the  strata  at  the  contact  of  these  two  great  divisions  of  the  Palseozoic  system. 
This  horizon  of  discontinuity  in  the  ancient  deposits,  and  in  the  assemblages  of  the  once-living 
forms  which  they  imbed,  is  so  marked,  and  so  general,  as  to  make  it  one  of  the  two  primary 
planes  by  which  the  whole  Palseozoic  system  of  the  country  arranges  itself  into  tlu'ee  principal 
divisions.    The  other  horizon  is  one  of  somewhat  corresponding  degree  of  sharpness,  and  of  wide 
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extension.  It  is  tliat  at  the  base  of  the  carboniferous  strata.  Separated  by  these  two  breaks  or 
planes  of  interruption  into  three  h\rge  natural  divisions,  we  have  the  entire  Palaeozoic  system, 
composed  of  a  Lower  Palaeozoic  division,  comprising  the  three  oldest  series — the  Primal,  Auroral, 
and  Matinal — a  Middle  Palaeozoic  series,  consisting  of  the  rocks  of  the  nine  central  periods — the 
Levant,  Surgent,  Scalent,  Pre-jNIeridian,  Meridian,  Post-]\Ieridian,  Cadent,  Vergent,  and  Ponent 
— and  an  Upper  Palaeozoic  division,  embracing  the  true  Carboniferous  formations  of  the 
Vespertine,  Umbral,  and  Serai  series,  or  coal-rocks. 

Between  the  Silurian  and  the  Devonian  equivalents  there  is  a  much  less  abrupt  plane  of  sepa- 
ration than  the  one  which  divides  the  Silurian  from  the  Cambrian  ;  that  is  to  say,  there  exists  a 
greater  relative  interchange  of  fossils,  and  with  it,  in  many  districts,  a  closer  blending  of  the 
sedimentary  deposits  than  we  discern  crossing  the  other  platform  below.  This  causes,  indeed, 
some  ambiguity  in  the  determination  of  a  proper  horizon  for  provisionally  separating  the 
Devonian  from  the  Silurian.  Guided  by  the  general  fades  of  the  fossils — the  Mollusca 
especially — the  Meridian  or  Oriskany  sandstone  is  regarded  by  some  palaeontologists,  on  the 
original  suggestion  of  M.  de  Verneuil,  as  the  base  of  the  Appalachian-Devonian  deposits  ;  while 
other  naturalists  incline  to  begin  the  Devonian  period  at  the  commencement  of  the  Post- 
Meridian  shales  and  limestones  which  overlie  or  succeed  that  rock. 

The  Meridian  and  Post-Meridian  strata — the  first  a  coarse  sandstone,  characterised  by  very 
peculiar  brachiopodous  shells  ;  the  last  a  blue-and-yellow  limestone,  marked  by  distinctive  fossils, 
most  of  them  of  Devonian,  but  some  of  them  of  Silurian  or  Ludlow  types — are  to  be  received  as 
representing  approximately  the  older  ages  of  the  European  Devonian.  The  next  or  fourth  group 
of  formations  in  our  scale — the  uppermost  of  the  Middle  Palaeozoic — includes  the  Cadent, 
Vergent,  and  Ponent  series  :  the  Cadent,  a  mass  many  hundred  feet  in  thickness,  of  dark  bitu- 
minous shales,  with  a  few  calcareous  beds ;  the  Vergent,  a  body  of  bluish  shales  and  imbedded 
grey  argillaceous  sandstones,  in  some  districts  more  than  3000  feet  thick  :  and  the  Ponent,  a 
still  thicker  mass  of  red  shales  and  argillaceous  red  sandstones,  with  a  few  pebbly  beds,  having 
in  its  greatest  development  a  thickness  amounting  to  even  5000  feet.  This  group  of  formations 
blends  in  its  fossils  the  characters  of  the  later  Devonian  and  Carboniferous  rocks  of  Europe. 

Between  this  fourth  group  of  the  Appalachian  formations,  or  the  top  of  the  Middle  Palaeozoic 
division,  and  the  succeeding  or  Carboniferous  deposits,  it  is  easy  enough  to  trace  the  plane  of 
demarcation  throughout  the  Appalachian  basin,  as  far  W.  at  least  as  the  W.  disappearance  of 
the  older  strata  under  the  overlapping  cretaceous  ones ;  but  this  horizon  is  far  more  clearly 
defined  physically  than  palaeontologically.  A  true  break  in  the  sequence  of  actions  and  in  the 
scale  of  time — not  everywhere  marked  by  actual  unconformity  or  want  of  parallelism  of  the  dip, 
but  very  generally  indicated  in  the  discontinuity  of  the  series,  such  as  an  omission  of  one  or 
more  of  the  upper  formations  of  the  underlying  group — follows  the  base  of  the  Vespertine,  or 
lower  Carboniferous  formation,  throughout  a  very  large  area  of  the  E.  half  of  the  continent. 

Yet  notwithstanding  this  widely-extended  change  in  the  physical  geography  of  the  Appa- 
lachian sea,  afi'ecting  the  depth  of  its  waters,  changing  the  nature  of  its  sediments,  and  even 
shoaling  and  draining  large  tracts  of  its  previous  bed,  the  revolution  in  its  marine  inhabitants 
was  less  complete  than  that  which  occurred  where  the  Devonian  deposits  gave  place  to  Carbo- 
niferous ones.  Careful  and  extensive  comparisons  of  the  American  middle  and  upper  Palaeozoic 
fossils  with  the  European  organic  relics  of  the  same  periods,  made  by  the  ablest  palaeontologists, 
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demonstrate  beyond  a  doubt  that,  palseontologically,  the  Carboniferous  fauna  commences  low  in 
the  Devonian  strata  ;  and  we  have  ourselves  established  a  like  early  beginning  to  the  typical 
terrestrial  flora,  deemed  hitherto  so  characteristic  of  the  true  Carboniferous  strata.  Defined  by 
organic  remains  alone,  the  Carboniferous  formations  of  North  America  exhibit,  then,  no  very 
clear  or  recognisable  base  ;  and  our  classification  rests  mainly  on  the  suddenness  of  the  change 
from  marine  to  terrestrial  forms,  and  on  the  rapid  coming  in  for  the  first  time  of  those  remark- 
able and  distinctive  physical  conditions  of  the  surface,  especially  that  amazing  vegetation,  and 
those  vast  humid  plains,  by  whose  agency  the  characteristic  strata  of  the  period,  the  great  coal- 
seams,  were  accumulated. 

Having  thus  indicated  the  general  nature  of  the  Appalachian-Paleeozoic  deposits  ;  our  classi- 
fication and  nomenclature  of  these,  the  larger  subdivisions  of  the  system  ;  and  correlated  these 
subdivisions  with  the  great  European-Palaeozoic  series  or  systems,  so  called,  we  present  the  following 
synoptic  description  of  these  as  they  exist  in  the  Appalachian  Chain,  advancing,  as  on  all  occa- 
sions, from  the  older  to  the  more  modern. 

PRIMAL  SERIES,  or  Potsdam  Sandstone  of  New  York. 

Description. — The  Primal  series,  under  its  fullest  and  most  diversified  condition,  or  that  which  it  wears  in 
the  Appalacliiau  Chain,  in  Pennsylvania,  Virginia,  and  Tennessee,  is  a  thick  fourfold  group,  composed  of  two 
slates  and  two  great  arenaceous  rocks  in  alteiiiation — (1.)  The  highest  or  Primal  newer  slate  is  a  greenish  and 
brownish  talco-argillaceous  slate,  sometimes  very  soft  and  shaly.  In  Pennsylvania  it  lias  a  thickness  of  about 
700  feet.  (2.)  The  next,  the  Primal  white  sandstone,  is  a  compact  white  and  yellowish  fine-grained  vitreous 
sandstone,  often  contaiaiug  specks  of  kaolin.  This  rock,  which  is  of  easy  recognition  and  of  an  immense  range, 
has  a  thickness,  in  some  parts  of  the  Blue  ridge  of  Virginia,  of  at  least  300  feet.  Tliis  is  the  Potsdam  sandstone 
of  New  York.  (3.)  The  Primal  older  slate  is  a  brown  and  greenish-grey  sandy  slate,  containing  much  felspathic 
and  talcose  matter.  It  has  hitherto  disclosed  no  fossils.  The  thickness  of  this  bed,  in  the  Atlantic  slope  in 
Pennsylvania,  is  several  hundred  feet,  and  in  the  Blue  Ridge  of  Virginia  is  not  less  than  1200  feet.  (4.)  The 
Primal  conglomerate,  the  lowest  of  the  yet  distinctly-recognised  formations  of  the  Primal  series,  is  a  heterogeneous 
conglomei-ate  of  quartzose,  felspathic,  and  slaty  pebbles,  imbedded  in  a  talco-silicious  cement.  The  thickness 
of  this  rock  in  Virginia  and  Tennessee,  N.  of  which  it  has  not  been  discovered,  is  at  the  least  150  feet. 

In  New  York  and  the  North-Western  States,  this  series  presents  a  materially  different  type — the  Primal 
white  sandstone  being  almost  the  sole  representative. 

Thickness. — The  thickness  of  the  entire  series  is  considerably  more  than  2000  feet. 

Geographical  Distribution. — In  its  geographical  distribution,  this  Primal  series  ranges  coextensively,  or 
nearly  so,  with  the  other  formations  of  tlie  older  Palaeozoic  division  to  be  presently  traced  ;  that  is  to  say,  it 
shows  two  great  continuous  outcrops,  one  stretching  S.W.  along  the  Appalacliian  Chain,  and  the  other  W.  fiom 
the  St  Lawrence,  through  New  York,  Canada  West,  Northern  Michigan,  Wisconsin,  and  Minnesota,  beyond  the 
Mississippi.  It  is  probably  likewise  brought  to  the  day  in  the  anticlinals  of  Missouri,  Arkansas,  and  Texas, 
which  elevate  the  gneissic  strata  on  which  it  rests.  Besides  these,  its  more  unequivocal  exjDosures,  this  group 
possesses  extensive  outcrops  in  various  parts  of  tire  Atlantic  Slope,  from  the  British  Provinces  on  the  N.E.,  S.W. 
to  the  State  of  Georgia.  Some  of  these  have  been  already,  as  in  Pennsylvania,  regulaily  traced  and  njapped ; 
but  for  the  most  part,  these  Eastern  exhibitions  of  the  Primal  series  are  so  disguised  by  metamorphism,  so  folded, 
so  cleavage  cut,  and  so  crystalline,  as  to  be  very  difficult  of  geographical  delineation.  While,  therefore,  the 
geologists  who  have  explored  the  Atlantic  Slope  are  convinced  of  the  presence  there  of  large  tracts  of  the  above- 
described  and  of  still  inferior  Primal  rocks  not  hitherto  brought  into  the  stratigraphical  column,  their  boinidaiies 
are  not  yet  sufficiently  known  to  be  more  than  approximately  represented  on  any  Geological  Map.  A  considerable 
portion  of  the  long  belts  delineated  on  my  Map  of  the  United  States  as  semi-metamorpliic  slates  below  the  Palaeozoic 
system,  both  along  the  Atlantic  Appalachian  Slope  and  in  the  mountain  zone  of  California,  consists  undoubtedly 
of  these  Primal  strata  disguised  by  igneous  action.  The  copper-bearing  rocks  of  Lake  Superior  pertain  to  this 
series.  The  Piimal  sandstone  has  lately  been  discovered  in  the  Black  Hills,  and  doubtless  prevails  extensively 
in  the  Eocky  Mountains. 

Fossils. — Only  the  two  higher  of  the  above-described  Primal  strata  have  yet  revealed  any  fossils  :  the  Upper 
or  newer  Primal  slate,  a  peculiar  fucoid  ;  and  the  Primal  white  sandstone  a  characteristic  stem-like  perpendicular 
form  of  doubtful  affinities,  and  one  or  two  brachiopodous  molluscs,  especially  a  lingula.  In  Wisconsin  and  other 
N.W.  localities,  this  formation  contains  several  species  of  trilobites,  and  abounds  in  lingulse,  obolus,  and  an 
orbicula.    Trilobites  have  lately  been  found  in  it  on  Lake  Champlain. 
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Equivalents. — These  strata  seem  to  be  on  the  horizon  of  the  lower  Festiniog  group  or  lingula  flags  of 
England,  and  equivalent  to  the  obolus  and  lingula  sandstone  of  Sweden  and  Kussia.  They  represent,  too,  the 
primordial  zone  of  Bohemia,  and  are  therefore  on  the  hoiizou  of  the  very  dawn  of  discovered  life. 

AURORAL  SERIES,  ok  Black  River,  and  Chazy  Limestone  and  Calciferols  Sandstone  of  New  York. 

Description. — The  Auroral  limestone,  the  thickest  and  most  widely  extended  of  all  the  Appalachian  limestones, 
is  a  light-blue  and  bluish-grey  comjjact  limestone,  usually  containing,  with  the  carbonate  of  lime,  from  10  to  30 
per  cent  of  the  carbonate  of  magnesia.  In  many  parts  of  the  great  Appalachian  valley,  especially  in  Virginia, 
it  possesses  thick  beds  of  chert.  The  whole  mass  has  a  thickness  of  not  less  than  2500  feet  in  the  central  part 
of  the  Appalachian  chain,  but  it  is  much  thinner  in  the  N.W.  States,  being  at  several  points  not  more  than  100 
feet  tliick. 

The  Auroral  calciferous  sandstone  of  New  York  is  a  coarse  grey  calcareous  sandstone,  frequently  containing 
small  drusy  cavities  holding  crystals  of  quartz  and  of  calc-spar.  Tliis  is  a  much  tlunner  formation  than  the  main 
limestone  which  it  supports,  being  in  few  places  more  than  80  or  100  feet  tliick. 

Thickness. — The  thickness  of  the  entire  series  is  not  less  than  2600  feet. 

Geographical  Distribution. — In  its  geographical  distribution  this  calcareous  group  follows  closely  the 
Matinal  series,  Avith  which  it  is  in  contact,  extending  quite  as  far  as  it  to  the  S.W.,  and  ranging  beyond  it  in 
the  region  of  the  Upper  Mississippi.  It  is  traceable  even  more  continuously  from  the  valley  of  the  St  Lawrence 
by  both  its  great  zones  of  outcrop,  which  mark  respectively  the  S.E.  and  the  N.  shores  of  the  Old  Appalachian 
sea,  than  the  series  whicli  overlies  it.  This  latter  has  in  pai-t  been  washed  away  from  certain  synclinal  troughs, 
as  that  of  the  St  Lawrence,  where  the  deeper  Auroral  series  has  been  protected  and  preserved.  The  formation 
dipping  W.  from  the  Appalachians  beneath  the  great  coal-field  just  reappears  in  the  Ohio  and  Tennessee  great 
anticlinal,  and  shows  itself  again  widely  in  Missouri  on  some  of  the  uplifts  to  the  W.  of  the  Mississippi. 

Fossils  and  Equivalents. — This  great  limestone  group  is  less  abundant  in  organic  remains  than  the  series 
which  succeeds  it,  though  it  has  already  furnished  nearly  100  species,  a  large  proportion  of  which  are  restricted 
to  the  formation,  only  five  or  six  being  common  to  it  and  the  Matinal  rocks  above.  Only  one  or  two  of  these 
species  being  identical  with  any  European  Palaiozoic  forms,  the  group  cannot  strictly  be  said  to  have  any 
European  palfeontological  equivalent.  Yet  we  are  entitled,  from  its  place  in  the  system,  and  from  the  general 
facies  of  the  organic  remains,  to  place  it  upon  the  horizon  of  the  Festiniog  group,  or  Middle  Cambrian  of  Sedgwick, 
a  part  of  Murchison's  Lower  Silurian. 

MATINAL  SERIES,  or  Trenton  Limestone  and  Hudson  River  Slate  Group  of  New  York. 

Description. — We  come  now  to  the  uppermost  of  the  three  great  formations  or  series  constituting  the  older 
or  lower  division  of  the  Appalachian  Palaeozoic  rocks.  The  Matinal  slate  formation,  or  upper  diA-ision  of  the 
series,  is  a  very  thick  groujj  of  argillaceous  strata,  which  have  the  form  of  bluish-grey  shales,  imbedding  in  their 
higher  portion  many  strata  of  argillaceous  sandstone,  and  even  some  layers  of  dark-grey  silicious  conglomerate, 
and  containing  in  many  places,  as  the  lowest  member,  a  dark-blue  and  even  black  carbonaceous  fissile  slate.  In 
some  parts  of  the  great  Appalachian  valley,  both  in  Pennsylvania  and  Virginia,  much  red  and  brown  slate 
alternates  with  yellow  shale  in  the  central  and  higher  parts  of  the  formation.  Near  the  Delaware  Water  Gap 
and  elsewhere,  this  middle  portion,  much  metamorphosed  and  intersected  with  cleavage-planes,  yields  a  very 
excellent  roofing-slate.  In  Pennsylvania  and  Virginia,  where  this  mass  appears  to  be  in  greatest  strength,  its 
maximum  total  thickness  is  perhaps  2000  feet. 

The  Matinal  limestone, — the  Trenton  limestone  of  New  York, — the  lower  division  of  the  series,  is  a  dark-blue 
soft  argillaceous  limestone,  containing  interposed  layers  of  blue  calcareous  shale.  Many  of  the  limestone  bands 
are  excessively  fossiliferous.  The  thickness  of  this  formation  in  Pennsylvania  and  New  York  amounts  in  some 
localities  to  500  feet,  though  generally  it  is  less. 

These  two  very  distinct  divisions  of  the  series  maintain  their  independent  types  throughout  the  whole  of 
the  Appalachian  Chain,  where  the  one  appears  to  have  been  for  countless  ages  the  muddy  bottom  of  a  continually- 
shoaling  sea,  and  the  other,  which  preceded  it,  the  limestone  bed  of  the  same  ocean,  while  it  was  deeper  and 
less  invaded  by  land-derived  sediments.  In  the  great  anticlinal,  which  brings  the  Matinal  strata  to  the  day  on 
the  Ohio  River,  they  consist  of  alternating  fossiliferous  shales  and  flaggy  limestones.  This  blue-limestone 
formation  of  Ohio  represents  the  Matinal  slate  group. 

From  Wisconsin  W.  and  S.,  another  limestone  formation,  the  Lead-bearing  or  Galena  limestone  of  the 
Mississippi,  is  intercalated  between  the  Matinal  limestone  and  the  Matinal  slate  of  this  series. 

Thickness. — The  maximum  thickness  of  the  whole  series  is  upwards  of  2500  feet. 

Geographical  Distribution. — This  widespread  formation  extends  the  entire  length  of  the  Appalachian  Chain, 
from  the  estuary  of  the  St  Lawrence  by  the  valley  of  Lake  Champlain  and  the  Hudson  River,  and  thence  by  the 
same  Appalachian  valley,  prolonged  through  New  Jersey,  Pennsylvania,  Maryland,  Virginia,  Tennessee,  into  the 
interior  of  Alabama.  To  the  N.W.  of  this  great  line  of  outcrop  it  reappears  in  several  beautiful  anticUnals 
in  the  Appalachians  of  Pennsylvania  and  Virginia.  On  the  St  Lawrence,  above  Montreal,  the  main  trough  of 
the  formation  forks,  and  another  outcrop  starts  off  towards  the  W.,  ascending  the  St  Lawrence,  skirting  the 
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N.  shore  of  Lake  Ontario,  passing  through  Georgian  Bay  of  Lake  Huron,  and  the  more  Northern  of  the  Manitoulin 
Islands,  and  sweeping  round  the  N.  and  W.  sides  of  Lake  Michigan,  through  Green  Bay  and  Winnebago  Lake, 
and  thence  W.  through  Wisconsin,  until  it  reaches  the  Mississippi  River.  A  connecting  trough  unites  the  two 
main  zones  through  the  valley  of  the  Mohawk  and  E.  shore  of  Lake  Ontario,  so  that  the  gneissic  and  granitic 
mountain  region  of  northern  New  York  is  entirely  encircled  by  this  and  the  other  formations  of  the  older  Pala?ozoic 
division.  Besides  these  two  main  outcrops,  the  series  jiresents  itself,  in  other  more  local  ones,  more  centrally 
in  the  Appalachian  basin.  It  appears  in  two  large  patches  on  the  great  anticlinal  which  traverses  Middle  Ohio, 
Kentucky,  and  Tennessee,  and  shows  itself  still  farther  W.  on  the  Missouri,  and  encu-cling  the  anticlinals  of  the 
older  metamorj)hic  rocks,  the  Ozark  Mountains  in  Missouri,  the  Wasliita  Hills  in  Arkansas,  and  the  San-Saba 
granitic  hills  in  Central  Texas.  The  Matinal  limestone  does  not  everywhere  accompany  the  Matinal  shale 
formation  along  its  great  S.E.  outcrop ;  but  to  the  W.  of  the  Appalachian  valley  it  is  the  more  persistent  rock 
of  the  two,  extending  into  Iowa,  beyond  the  Mississippi,  and  constituting,  indeed,  in  many  parts  of  the  West,  the 
sole  representative  of  the  Matinal  series.  In  the  large  hydrograjilric  basin  of  Hudson  Bay,  N.  of  the  Lawrentian 
Primary  or  Gneissic  zone,  this  group  of  older  Palaeozoic  rocks  does  not  reappear,  but  it  shows  itself  farther  W. 
in  the  pateozoic  basin  between  Lake  Winnipeg  and  the  Rocky  Mountains,  especially  on  its  E.  side. 

Fossils. — All  the  formations  of  this  series  are  rich  in  organic  remains,  some  of  which  are  common  to  the 
upper  and  lower  strata,  but  the  greater  number  of  the  species  are  restricted  to  their  own  deposits.  It  is  remark- 
able that  very  few,  probably  not  three  per  cent,  are  common  to  these  formations,  and  to  any  of  the  strata  which 
overlie  them.  The  highest  organisms  hitherto  found  in  these  widely-extended  rocks  are  some  trilobites,  cephalo- 
pods,  and  molluscs ;  no  fishes,  nor  remains  of  any  vertebrate  animals,  having  ever  been  detected. 

Eurujjean  Equivalents. — The  nearest  British  rejjresentatives  of  these  Matinal  strata  seem  clearly  to  be  the 
Llandeilo  and  Bala  rocks — Lower  Silurian  of  Murchison,  or  Upper  Cambrian  group  of  Sedgwick — the  Orthoce- 
ratite  limestone  of  Sweden  and  Russia  representing  them  in  Northern  Europe. 

LEVANT  SERIES,  or  Medina  Group  of  New  York. 

Description. — Succeeding  the  Matinal,  and  preceding  the  Surgent  in  order  of  time,  is  another  trijile  forma- 
tion, here  called  the  Levant  series.  The  upper  member  of  this  consists  of  white  and  light-grey  fine-gi-ained 
hard  sandstone,  alternating  near  its  upper  limit  with  beds  of  red  and  greenish  shale,  the  sandstone  covered  with 
peculiar  fucoids  in  great  profusion.  This  division,  in  Pennsylvania,  measures  between  400  and  500  feet.  The 
middle  member  is  a  soft  argillaceous  brown  sandstone  and  red  shale.  Its  greatest  development  is  in  the 
mountains  which  cross  the  Juniata  River,  where  its  thickness  is  from  500  to  1000  feet.  The  third,  or  lower 
member,  is  a  hard  greenish-grey  massive  sandstone,  embracing  in  its  E.  outcrops,  as  in  the  Kittatinny  and 
Shawungunk  Mountains,  thick  beds  of  siUcious  conglomerate,  made  up  chiefly  of  the  wreck  of  the  previously- 
formed  and  disturbed  older  Palseozoic  rocks.  This  division  varies  in  thickness,  in  Pennsylvania,  from  200  to 
700  feet.    The  uppermost  and  middle  of  these  is  the  Medina  sandstone  of  the  New  York  Survey. 

Thickness. — The  maximum  thickness  of  the  whole  series  is  about  2200  feet. 

Geographical  Distributhm. — Tracing  them  in  their  geographical  distribution,  the  Levant  rocks  follow  the 
outcrop  of  the  Surgent  series,  next  to  be  indicated,  W.  to  Lake  Michigan,  and  S.W.,  along  the  Ai^palachian 
chain.  But  in  the  latter  direction,  the  Levant  white  sandstone  prolongs  itself  beyond  the  tennination  of  the 
Surgent  shales,  displaying  itself  in  great  force  in  the  Clinch  Mountain  of  Tennessee,  and  other  Appalachian 
ridges,  as  far  as  Alabama.  The  Levant  red  shale,  or  middle  member,  is  in  fidl  dimensions  on  the  Niagara  River, 
and  crosses  the  peninsula  of  Canada  West.  Some  of  these  rocks  occur  in  the  Green  Mountain  chain,  and  nearer 
the  Atlantic,  in  the  State  of  Maine,  and  Province  of  New  Brunswick. 

Fossils. — Very  few  organic  remains  occur  in  this  group,  but  those  which  do  are  characteristic.  The  chief 
marine  forms  are  shells,  conspicuous  among  which  is  a  lingula.  But  more  instructive  still  are  the  strange  fiicoids, 
forms  of  an  ancient  marine  vegetation,  which  invariably  accompany  the  upper  strata. 

European  Equivalents. — The  Mayhill  sandstone,  or  upper  Caradoc,  the  terminal  or  lower  member  of  the 
Wenlock  group  of  England,  seems  to  be  on  the  parallel  of  this  Appalachian  Levant  series,  which  is  therefore 
the  equivalent  of  the  base  of  the  European  Silurian  system,  if  we  accept  Professor  Sedgwick's  classification  ;  or 
the  Upper  Silurian,  if  we  embrace  Murchison's.  That  it  is  the  base  of  the  American  middle  pateozoic  formations, 
appears  from  many  considerations,  physical  and  pateontological.  The  conglomerates  mark  an  ancient  shore,  and 
indicate  a  period  of  great  disturbance  and  uplift  of  the  earlier  Palaeozoic  strata,  accompanied  by  an  almost  total 
change  in  the  organic  forms. 


SURGENT  SERIES,  or  Clinton  Group  of  New  York. 

Description. — The  next  natural  group  of  strata,  ascending,  the  Surgent  series  of  the  Pennsylvania  Survey,  or 
Clinton  group  of  the  New  York,  is  a  diversified  formation,  composed,  when  fully  expanded,  of  three  groups — an 
upper  one,  consisting  of  variegated  red  marls  or  calcareous  shales  ;  a  middle  one,  of  an  alternation  of  shales  and 
argillaceous  fossiliferous  limestones  and  calcareous  sandstones,  with  one  or  two  remarkable  seams  of  fossUiferous 
iron  ore ;  and  a  lower  group,  composed  of  greenish  and  yellowish  fissile  slates,  weathering  olive  and  claret-coloured, 
VOL.  II.  '  5  C 


7oi 


GEOLOGY  OF  THE  UNITED  STATES. 


and  including  in  its  central  part  beds  of  red,  very  ponderous,  ferruginous  sandstone,  usually  containing  two  or 
three  thin  layers,  suflioiently  rich  in  the  peroxide  of  iron  to  be  extensively  available  as  an  iron  ore. 

Fossils  and  Equivalents. — The  more  calcareous  middle  member  abounds  in  organic  remains,  shells,  corals, 
ecliinoderms,  trilobites,  &c.,  all  of  them  of  forms  significant  of  an  eqiuvalency  in  age  to  the  Wenlock  and  other 
formations  at  the  base  of  the  Upper  Silurian  series  of  Europe. 

Geographical  Distribution. — Tliis  series  exhibits  its  maximum  thickness  and  complexity  in  the  central  parts 
of  the  Appalachian  chain  in  Pennsylvania,  gradually  diminishing  S.W.  through  Virginia  to  Eastern  Tennessee,  where 
it  seems  to  expire.  Traced  W.,  it  crosses  New  York  from  the  neighbourhood  of  the  Helderberg  Momitains  to  the 
Niagara  River  ;  thence  sweeps  N.W.  across  Canada  West  to  the  Manitoulin  Islands  of  Lake  Huron ;  thence  W.,  by 
Mackinaw,  bythe  N.  shore  of  Lake  Micliigan,  to  GreenBay,  and  Southward  down  the  Lake  Coast  inWiscousin,  where 
it  appears  to  thin  out,  no  part  of  the  formation  having  been  discovered  to  cross  the  Mississippi.  This  N.  outcrop, 
in  ranging  thus  towards  the  W.,  displays,  what  so  many  of  the  other  formations  exhibit,  a  gradual  change  from  a 
shore  to  a  mid-sea  type,  the  shales  and  sandstones  becoming  progressively  less  in  volume,  and  the  limestone  rela- 
tively augmenting.  A  bed  of  limestone,  and  another  of  calcareous  shale,  are  all  that  represent  it  on  the  Niagara 
River ;  and  in  Wisconsin  it  is  comj)osed  of  little  else  than  a  thin  stratum  of  fossiliferous  limestone,  which  is  there 
in  contact  with  the  Niagara  limestone,  with  which  it  has  been  conioiinded.  It  is  barely  traceable  on  the  borders 
of  the  dome-shaped  anticlinal  of  the  older  paleozoic  rocks  in  S.  Ohio  and  N.  Kentucky,  and  does  not  appear  in 
that  of  Middle  Tennessee.  In  the  N.E.  part  of  the  Atlantic  slope  and  Appalachian  chain,  the  formation  presents 
itself  in  some  outcrops  in  the  Green  Mountains,  and  in  the  basin  S.E.  of  them  in  New  Bninswick  and  the  State  of 
Maine,  but  under  a  less  expanded  type  than  that  which  it  assumes  in  Pennsylvania  and  New  York. 

Thickness. — On  the  Juniata  River,  in  Pennsylvania,  the  whole  series  has  a  thickness  approaching  2400  feet, 
which  is  probably  its  maximum  in  the  country. 

SCALENT  SERIES,  or  Onoxdago  Salt  and  Niagara  Limestone  Groups  of  Xew  York. 

Description. — The  series  next  in  order  consists  strictly  of  two  fonnations — the  upper  one  a  group  of  gypseous 
marls  and  shales,  the  lower  one  a  compact  limestone  surmounting  grey  calcareous  shales.  The  gj^pseous  marls, 
or  Onondago  salt  group  of  New  York,  is  a  mass  of  grey  or  ash-coloured  calcareous  shale,  alternating  in  its  upper 
part  with  beds  of  argillaceous  and  silicious  limestone,  some  layers  of  which  are  curiously  pitted  with  small  angular 
cavities,  the  nests  of  solitary  crystals  of  sulphate  of  lime  and  carbonate  of  strontia.  G}^sum  abounds  in  this 
formation,  both  diffused  and  in  thin  seams,  and  near  the  surface,  in  large  insulated  lenticular  masses  or  cakes. 

Geographical  Distribution. — The  stratum  is  imperfectly  re^iresented  in  the  Appalachian  chain  S.W.  of  New 
York ;  but  it  ranges  tlrrough  that  State,  through  Canada  West,  and  through  the  Western  and  Northern  States 
almost  as  far  as  the  Mississippi. 

Equivalent. — This  formation  appears  to  possess  no  true  equivalent  among  the  rocks  of  Europe  ;  but  as  the 
Scalent  limestone  below  it,  and  the  Pre-Meridian  limestone  above  it,  are  both  on  the  parallel  of  the  Wenlock  group 
of  Great  Britain,  it  is  obvious  that  it  belongs  to  the  Wenlock  period. 

Description. — The  other  or  lower  division  of  the  series,  the  Scalent  limestone — the  Niagara  limestone  of  New 
York — is  a  double  formation  of  limestone  and  shale,  consisting,  in  its  upper  diAasion,  of  a  sparry  very  compact  gi'ey 
limestone,  some  bands  of  which  are  extremely  fossiliferous.  In  its  lower  portion  it  is  a  bluish  calcareous  shale, 
somewhat  pyiitous,  and  containing  a  few  fossils.  The  great  difference  in  the  susceptibility  to  erosion  of  these 
two  strata  is  the  cause  of  the  remarkable  terrace  and  cataract  of  the  Niagara  River. 

Thickness. — The  thickness  of  the  Niagara  limestone  gradually  augments  fi-om  E.  to  W. :  its  maximum  is  in 
the  region  of  the  Mississippi,  being  there,  it  is  believed,  nearly  1000  feet  thick. 

Geographical  Distribution. — It  ranges  W.  from  near  the  Hudson.  The  formation  traverses  the  lake  peninsiila 
of  Canada  West,  the  N.  and  W.  shores  of  Lake  Michigan,  the  S.  part  of  Wisconsin,  and  N.  pai't  of  Illinois,  the 
whole  breadth  of  Iowa,  and  only  disappears  where  it  is  overlapped  near  the  Missouri  by  the  Western  cretaceous 
deposits.  It  rises  in  the  Ohio  anticlinal,  at  the  Falls  of  the  Ohio,  and  ajjpears  in  Kentucky  and  Tennessee.  It  has 
but  little  development  anywhere  in  the  Appallachian  Mountains. 

Equivalent. — The  Scalent  series  is  on  the  parallel  of  the  Wenlock  formations  of  Great  Britain. 

PRE-MERIDIAN  SERIES,  or  Lower  Helderberg  Limestone  of  New  York. 

Description. — The  formation  which  holds  the  next  position  in  the  ascending  order  is  a  somewhat  diversified 
limestone  formation,  consisting  usually,  in  its  lower  portion,  of  shales  and  thin  flaggy  layers  of  limestone  ;  in  its 
middle  member,  of  a  fossiliferous  and  sometimes  sparry  compact  grey  and  blue  limestone,  containing  layers  and 
nodules  of  chert ;  and  in  its  upper  division,  of  a  dark  ash-coloured  calcareoiis  sandy  shale. 

Geographical  Distribution. — In  the  Appalachian  chain  this  rock  ranges  from  near  the  Hudson  S.W.  to  Ten- 
nessee. Its  N.  outcrop  stretches  from  the  same  neighbourhood  Westward,  expiring  within  100  miles  W.  of  the 
River  Hudson. 

Thickness. — The  thickness  of  the  entire  formation  seldom  exceeds  300  feet,  and  throughout  long  tracks  the 
rock  is  very  thin. 

Fossils  and  Equivalents. — These  marine  limestones  and  shales  abound  in  characteristic  organic  remains,  many 
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of  them  generically  and  even  specifically  identical  with  the  shells,  corals,  trilobites,  and  other  fossils  distinctive  of 
the  Wenlock  formation  of  Great  Britain,  evidently  their  nearest  equivalent  in  the  European  system.  No  remains 
of  fishes,  nor  vestiges  of  any  vertebrate  animal,  have  ever  been  discovered  either  in  this  formation  or  in  any  of  the 
strata  beneath  it.    It  may  be  regarded  as  the  uppermost  deposit  of  the  Silurian  ages  in  the  Appalachian  sea. 

MERIDIAN  SERIES,  or  Oriskany  Sandstone  op  New  York. 

Description. — This  is  a  remarkable  arenaceous  formation,  interposed  between  the  Post-Meridian  and  Pre- 
Meridian  limestones.  The  upper  member  of  the  series,  a  rock  of  rather  restricted  range  in  New  York  and  New 
Jersey,  is  a  calcareous  and  argillaceous  thin-bedded  sandstone  or  grit,  characterised  in  its  lower  layers  by  a  pecu- 
liar fucoid,  resembling  somewhat  a  cock's  tail.  Its  thickness,  on  the  Delaware  Eiver  in  New  Jersey,  is  about  300 
feet.  The  sandstone,  the  principal  member — called  in  the  New  York  Survey  the  Oriskany  sandstone — is  a  coarse 
yellowish  calcareous  sandstone,  graduating  near  its  upper  limit  into  a  fine-grained  cpiartzose  conglomerate,  and 
becoming  in  its  lower  beds  a  coarse  arenaceous  limestone. 

Fossils. — Its  distinctive  fossils  are  large  brachiopodous  bivalves. 

Thickness. — The  greatest  thickness  of  this  sandstone  in  New  York  and  Pennsylvania  is  less  than  200  feet. 

Geographical  Distribution. — This  formation  ranges  through  the  Appalachian  chain,  is  exposed  in  many  out- 
crops from  New  York  to  E.  Tennessee,  and  extends  W.  from  near  the  Hudson  through  New  York,  a  distance  of 
about  300  miles.  There  is  no  exact  equivalent  for  this  stratum  among  the  formations  of  Europe,  though  its  nearest 
place  in  the  scale  of  strata  is  probably  tliat  of  the  lower  Ludlow  rocks  of  England. 

POST-MERIDIAN  SERIES,  or  Upper  Helderberg  Limestone  of  New  York. 

Description. — Beneath  the  Cadent  older  black  slate  there  lies,  throughout  the  N.  States,  from  near  the  Hudson, 
W.  through  New  York,  New  Jersey,  Pennsylvania,  Ohio,  Upper  Canada,  Michigan,  Indiana,  Illinois,  Kentucky, 
Missouri,  and  Iowa,  a  widely-expanded  marine  limestone,  the  Upper  Helderberg,  or  Corniferous  and  Onondaga 
limestone  of  New  York.  In  Canada  and  the  Western  States  it  is  a  straw-coloured  and  light-grey  rock,  often  sparry 
and  sometimes  oolitic.  It  is  the  upper  part  of  the  cliff  limestone  of  the  West.  In  its  more  Eastern  exposures  it 
is  generally  bluish.    It  contains  nodular  chert. 

Fossils. — This  rock  contains  many  fossils,  and  some  beds  of  it  consist  almost  enthely  of  corals  and  shells, 
and  it  is  evidently  the  product  of  an  immensely-extended  coral  reef.  It  is  the  lowest  American  formation  in 
which  there  are  any  remains  of  fishes  :  these  are  large  ganoid  species,  resembling  those  of  the  European  Devonian 
rocks. 

Thickness. — Its  maximum  thickness,  which  is  in  the  Western  States,  is  about  350  feet ;  but  its  average  depth 
does  not  exceed  one-third  of  this. 

Equivalents. — The  nearest  European  representative  of  this  rock  is  the  English  Ludlow  formation ;  but  it 
contains  numerous  Devonian  fossils,  and  even  some  carboniferous  ones.  It  is  thei-efore  not  exclusively  a  Silurian 
equivalent.  The  occurrence  of  Productus  and  Pentramites  shows  that  even  carboniferous  races  tenanted  the  waters 
of  the  Appalachian  sea  of  the  Post-Meridian  period. 

CADENT  SERIES,  or  Genessee,  Hamilton,  and  Marcellus  Groups  of  New  York. 

Description. — This  series,  like  the  succeeding  one,  has  its  greatest  expansion  in  the  Appalachian  chain  and  in 
Southern  New  York,  and  declines  steadily  in  thickness  in  spreading  into  the  Western  States.  From  New  York  to 
Eastern  Tennessee  it  is  a  group  of  three  formations.  The  upper  or  later,  the  Cadent  newer  black  slate  (Genessee  slate 
of  New  York),  is  a  brownish-black,  and  in  some  regions  a  bluish-black  very  fissile  slate,  characterised  by  numerous 
small  and  delicate  molluscs,  chiefly  of  Devonian,  but  some  of  them  of  Carboniferous  genera,  and  likewise  by  remains 
of  a  true  terrestrial  vegetation,  generically  identical  with  that  of  the  Coal-measures.  This  rock  has  a  thickness,  in 
some  parts  of  Pennsylvania,  of  300  feet.  The  middle  member  or  formation,  the  Cadent  shales,  the  Hamilton  grouj) 
of  New  York,  is  a  bluish-grey,  brownish  and  olive-coloured  clay  shale,  with  thin  beds  of  dark-grey  sandstone, 
sometimes  calcareous.  It  abounds  in  fossils,  especially  bivalve  shells  and  corals.  Its  greatest  thickness  in  Penn- 
sylvania is  about  600  feet.  The  lowest  or  Cadent  older  black  slate  (Marcellus  shale  of  New  York)  is  a  black  and 
highly-bituminous  slate,  graduating  upwards  into  a  dark-blue  argillaceous  shale,  surmounted,  in  some  districts,  by 
greenish  sandy  shales.  A  thin  argillaceous  limestone  generally  occurs  near  the  bottom  of  the  black  slate  in  Penn- 
sylvania, Virginia,  and  Tennessee.  The  fossils  of  the  formation  are  some  of  them  identical  with  those  of  the  Cadent 
newer  black  slate.  Many  of  them  are  diminutive,  and  some  miimte  vegetable  forms  are  possibly  terrestrial.  In 
Pennsylvania  the  thickest  exposures  of  this  member  of  the  formation  measure  nearly  300  feet. 

Geographical  Distribution. — These  Cadent  strata  have  their  greatest  development  in  the  valleys  of  the  Appa- 
lachian chain  in  Pennsylvania  and  Virginia.  Like  so  many  of  the  other  shore-formed  deposits  of  this  part  of  the 
Appalachian  sea,  they  manifest  a  gradual  reduction  of  thickness  in  the  S.W.  direction,  becoming  much  attenuated  be- 
fore they  reach  Eastern  Tennessee,  but,  unhke  others,  one  member  at  least  of  the  series  stretches  to  the  W.  and  N.W. 
over  an  enormous  distance.  The  black  slate  of  the  Western  States  shows  a  continuous  outcrop  the  ^^•hole  way  W. 
across  New  York  to  Lake  Erie,  and  thence  S.  across  Ohio  and  Kentucky  to  the  anticlinal  of  Middle  Tennessee, 
wliicli  it  everywhere  fringes.  It  encompasses,  on  the  E.,  in  like  manner,  the  wide  basin  of  carboniferous  strata 
encircling  the  Indiana  and  Illinois  coalfield,  and,  in  another  belt,  crosses  the  peninsula  of  Michigan,  from  the  lake 
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of  that  name  to  Lake  Huron.  It  seems  to  thin  away  by  the  time  it  reaches  the  Kankakee  River,  on  the  X.  edge 
of  the  Illinois  coalfield,  and  in  a  more  Southern  latitude  in  the  neighbourhood  of  the  Tennessee  Kiver.  Rocks 
of  this  age  are  believed  to  occur  in  a  narrow  outcrop  bordering  the  carboniferous  basin  of  New  Brunswick. 

Fossils. — The  Cadent  strata  are  the  oldest  American  formations  in  which  remains  of  a  true  terrestrial  vege- 
tation have  as  yet  been  discovered.  Besides  these,  which  are  rare,  they  contain  numerous  species  of  moUusca 
and  other  marine  forms,  several  of  which  are  identical  with  European  Devonian  and  Carboniferous  species,  many 
being  found  in  no  other  rock.  Goniatites  and  other  carboniferous  genera  characterise  the  Cadent  black  slate  both 
in  Pennsylvania  and  the  Western  States. 

Thickness. — The  entire  Cadent  series  is  about  1200  feet  thick. 

These  Cadent  strata  are  represented  in  the  Western  States,  from  Southern  Ohio  both  S.W.  and  N.W.,  by  only 
one  rock,  a  fissile  black  slate,  which  may  represent  either  the  upper  or  lower  Cadent  formations,  but  which  is  gene- 
rally regarded  as  the  Cadent  newer  black  slate,  or  Genessee  slate  of  New  York.  Reposing  immediately  upon  the 
Postmeridian  limestones,  and  surmounted  in  turn  by  the  Vergent  strata,  and  W.  of  the  Ohio  anticlinal  by  the  Older 
Carboniferous  or  Vespertine,  and  having  a  very  extensive  distribution,  it  constitutes  an  important  stratigraphical 
horizon.  If  this  black  slate  be  the  oldest  of  the  Cadent  rocks,  the  absence  of  the  others  establishes  an  extensive 
hiatus  between  it  and  the  Vergent.  If,  on  the  other  hand,  it  represents  the  Cadent  newer  black  slate,  a  like 
hiatiis  exists  in  the  absence  of  the  middle  and  lower  Cadent  formations. 

Equivalents. — The  nearest  equivalent  of  these  Cadent  strata  among  the  European  formations  would  appear  to 
be  the  Older  Devonian  rocks  of  the  Eifel,  but,  as  presently  to  be  intimated  of  the  Vergent,  these  Cadent  strata  all 
contain  some  carboniferous  forms. 

VERGENT  SERIES,  or  Chemung  and  Poetage  Groups  op  New  York. 

Description. — This  formation  is  in  two  divisions,  the  upper  called,  in  the  New  York  Survey,  the  Chemung 
Group,  a  thick  mass  of  grey,  blue,  and  olive-coloured  shales,  and  grey  and  brow^l  sandstones,  the  sandstones  pre- 
ilominating  in  the  ujjper  part,  and  the  shales  aboimding  in  fossils,  especially  Brachiopoda  The  lower  division, 
the  Portage  group  of  New  York  consists  of  a  rather  fine-grained  grey  sandstone,  in  thin  layers  or  flags,  parted  by 
thin  bands  of  soft  blue  shale.    Its  characteristic  fossils  are  Fucoids,  or  ancient  sea-weeds. 

Thickness. — On  the  Juniata  River,  in  Pennsylvania,  the  upper  rock  has  a  thickness  of  3200  feet,  while  that  of 
the  lower  amounts  to  1700. 

Geographical  Distribution. — These  strata  extend  South-westward  as  far  as  Tennessee,  and  probably  Alabama, 
and  Westward  to  Ohio,  Kentucky,  Middle  Tennessee,  and  Missouri.  But  their  equivalents,  if  they  have  any 
farther  West  in  the  Appalachian  palaeozoic  basin,  have  not  been  ascertained.  Vague  indications  of  this  series  appear 
in  the  Rocky  Mountains. 

Equivalents. — A  comparison  of  their  organic  remains  teaches  us  that  these  strata  are  most  nearly  represented 
in  Europe  by  the  Eifel  strata  of  the  Devonian  series.    They  possess  several  true  Carboniferous  species. 

PONENT  SERIES,  or  Catskill  Group  of  New  York. 

Description. — In  its  fullest  development — viz.  in  Pennsylvania  and  New  York — tliis  is  a  thick  mass  of  alternat- 
ing red  shales,  and  red  and  grey  argillaceous  sandstones,  some  of  wliich,  in  the  upper  strata,  are  sparsely  sprinkled 
with  white  quartz  pebbles. 

Geographical  Distribution. — This  rock  steadily  declines  in  thickness  towards  the  W.,  and  thins  down  entirely 
upon  reaching  the  Alleghany  River.  South-westward,  it  extends  in  several  interrupted  outcrops  along  the  Appa- 
lachian chain  as  far  as  Eastern  Tennessee,  but  under  a  gradually  declining  thickness.  It  is  absent  throughout  all 
the  Western  States,  and  even  along  the  Western  outcrop  of  the  Appalachian  coal-field  on  the  AUeghany  River,  and 
South-westward.  Nowhere  throughout  the  Western  States  has  any  true  equivalent  or  representative  of  it  been 
discovered ;  and  we  are  forced  to  the  conclusion,  therefore,  that  a  movement  of  the  bed  of  the  Appalachian  sea  took 
place  at  the  close  of  the  middle  palajozoic  periods,  preventing  a  deposition  of  Ponent  strata,  and  causing  here  a 
break  in  the  sedimentary  succession,  or  scale  of  geological  time. 

Thickness. — The  maximum  thickness  of  the  Ponent  beds  in  Eastern  Pennsylvania  is  not  less  than  5000  feet, 
and  they  thin  to  nothing  in  a  distance  of  200  miles. 

Fossils  and  Equivalents. — Few  organic  remains  exist  in  this  formation  ;  but  those  few,  such  as  the  IMoptychius, 
are  eminently  distinctive  of  the  age  of  the  European  Devonian,  especially  of  the  Old  Red  Sandstone  of  Great 
Britain.    No  remains  nor  footprints  of  reptiles  have  ever  been  discovered  in  the  Ponent  strata. 

VESPERTINE  SERIES,  or  Lower  Carboniferous  Strata. 

Description. — In  its  South-eastern  outcrops  in  Pennsylvania  and  Virginia,  this  series  is  a  thick  mass  of  white, 
grey,  and  yellow  sandstones,  alternating  with  coarse  silicious  conglomerates,  and  dark-blue  and  olive-coloured 
slates.    In  some  localities  it  includes  beds  of  black  carbonaceous  slate,  and  one  or  more  thin  beds  of  coal. 

Geographical  Distribution. — The  Vespertine,  or  Lower  Carboniferous  series,  has  apparently  a  much  less 
extensive  distribution  Westward,  from  its  E.  outcrops  in  the  Appalachian  chain,  than  the  Umbral  series 
which  rests  upon  it.    From  the  district  of  its  maximum  development  around  the  anthracite  coal-basins  of  Penn- 
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sylvania,  we  trace  it  with  a  rapidly-diminishing  bulk  duly  JT.W.,  until  it  thins  away  altogether  upon  reaching  the 
Alleghany  Eiver.  Upon  the  N.W.  border  of  the  great  Appalachian  coal-field  it  has  no  existence  whatever ; 
but  it  ranges  S.W.  from  the  anthracite  country  to  a  far  greater  distance,  following  especially  the  E.  margin 
of  the  general  coal-field,  maintaining  more  nearly  its  thickness  across  Virginia  and  Tennessee.  Passing 
beneath  the  Cumberland  Mountain  and  its  spurs  in  Alabama,  this  stratum  takes  on,  like  so  many  others,  a  less 
littoral  or  sandstone  type  for  a  more  marine  or  limestone  one  ;  and  emerging  to  the  day  once  more  in  central  Ken- 
tucky and  Tennessee,  it  begins  to  assume  the  characters  of  a  fossiliferous,  sandy,  and  argillaceous  limestone. 
Under  this  form  it  underlies  the  Umbral  limestone  in  Indiana  and  Western  Kentucky,  and  on  the  Mississippi  and 
Missouri  rivers.  In  its  W.  outcrops  the  stratum  is  apparently  much  thinner  than  the  purer  limestone  group 
above.  How  far  it  spreads  to  the  W.  of  the  Mississippi  River  has  not  yet  been  ascertained.  Possibly  this  forma- 
tion, and  not  the  Umbral  limestone,  is  the  equivalent  of  the  lower  Carboniferous  group,  or  gypseous  red  sandstone 
of  Nova  Scotia  and  Cape  Breton.  In  the  absence  of  more  distinctive  proofs  of  equivalency  from  organic  remains, 
we  are  entitled  to  infer  that  the  lower  carboniferous  strata  of  the  Provinces  represent  both  the  Umbral  and  the 
Vespertine  rocks  of  the  Ai^palachian  basin. 

Fossils. — Where  it  has  its  E.  or  ancient  shore  type,  the  only  organic  remains  are  fragments  of  coal  plants, 
for  the  most  part  specifically  different  from  those  of  the  upper  or  true  Coal-measures.  In  the  Western 
States  it  abounds  in  crinoids  and  molluscs.  To  the  N.W.  of  the  Appalachian  chain,  in  Northern  Pennsylvania 
and  Ohio,  this  formation  grows  more  argillaceous,  and  gradually  thins  away  ;  and  on  the  S.W.  outcrop  of  the 
great  Appalachian  coal-field  in  Kentucky  and  Tennessee,  and  in  its  outcrops  circling  the  great  Western 
coal-fields,  the  whole  mass  exhibits  a  more  marine  type,  its  material  being  chiefly  a  fossiliferous  limestone,  filled 
with  oceanic  forms,  and  a  grey  and  yellow  sandstone.  In  the  Western  States  this  rock  is  called  the  sub-carboni- 
ferous limestone. 

Thickness. — In  Pennsylvania  its  maximum  thickness  exceeds  2000  feet. 

Equivalents. — This  formation  belongs  to  the  same  period,  apparently,  as  the  oldest  carboniferous  slates  of 
Ireland,  or  the  lowest  carboniferous  rocks  of  Europe. 

UMBRAL  SERIES,  or  Middle  Caeboniferous  Strata. 

Description. — Along  the  Appalachian  chain,  this  series,  in  its  fullest  development,  is  a  triple  group,  the 
lowest  members  consisting  of  buff,  greenish,  and  red  shales,  with  some  sandstone  ;  the  middle  of  a  thick  mass  of 
light-blue  limestone,  sometimes  oolitic  ;  and  the  upper  of  blue,  olive,  and  red  calcareous  shales,  containing  massive 
strata  of  grey  and  brownish  sandstone.  This  is  the  type  in  Virginia.  In  Pennsylvania  the  whole  stratum  con- 
sists of  soft  red  shales  and  argillaceous  red  sandstones.  In  the  Western  States  the  principal  formations  are  a 
light-blue  and  yellowish  limestone,  replete  in  marine  organisms,  and  a  grey  and  yellow  sandstone. 

Geographical  Distribution. — Tracing  the  Umbral  series  through  its  principal  outcrops,  we  find  it  bordering  the 
several  coal-fields  of  the  Eastern  British  Provinces,  under  the  type  of  a  very  diversified  group  of  red  shales  and 
sandstones,  with  conglomerates,  calcareous  and  gypseous  marls,  and  thick  beds  of  limestone,  and  layers  of  gypsum ; 
the  whole  having  a  maximum  thickness  of  about  6000  feet.  Entering  the  true  Appalachian  region,  we  meet  the 
Umbral  red  shale  first  in  Pennsylvania,  and  trace  it  with  a  gradually  declining  thickness  from  its  maximum  of 
3000  feet  on  the  SchuylkUl,  Southward  to  the  borders  of  Maryland,  where  it  becomes  more  calcareous  and  varie- 
gated and  fossiliferous,  and  receives  as  a  middle  member  the  Carboniferous  limestone.  Advancing  in  this  direc- 
tion, the  limestone  gradually  augments  in  thiclaiess,  while  the  upper  and  lower  groups  of  shale  as  gradually  thin 
down.  But  far  to  the  S.W.,  on  the  Green  Briar  Eiver  of  Virginia,  each  of  the  three  divisions  has  a  thickness 
exceeding  1000  feet.  The  N.  outcrop,  on  the  other  hand,  consisting  alone  of  the  red  shale  and  sandstone, 
grows  rapidly  thinner  as  it  ranges  Westward  under  the  successive  anthracite  and  semi-bituminous  coal-basins  of 
Pennsylvania,  thinning  away  entirely  at  the  sources  of  the  W.  Branch  of  the  Susquehanna.  The  Umbral  or 
Carboniferous  limestone,  if  followed  as  a  single  formation,  first  shows  its  extremely  attenuated  feathered  edge  on 
the  Alleghany  Mountain,  at  the  sources  of  the  Conemaugh  in  Pennsylvania.  Thence,  augmenting  Southward,  as 
already  said,  through  Maryland  and  Pennsylvania,  it  ranges  in  great  force,  though  in  a  narrow  outcrop,  along  the 
S.E.  border  of  the  great  coal-field  through  the  latter  State,  Virginia,  Eastern  Tennessee,  and  Northern  Ala- 
bama, to  the  termination  of  the  mountains.  This  rock  does  not  exist  at  the  W.  margin  of  the  Ajjpalachian 
coal-field  anywhere  in  Northern  Pennsylvania,  or  in  Ohio  ;  but  when  we  enter  Kentucky  it  gradually  developes 
itself  between  the  Serai  and  Vespertine  strata,  and  soon  becomes  a  conspicuous  formation  in  the  W.  escarpment 
of  the  Cumberland  Mountain,  the  whole  way  across  Kentucky,  Tennessee,  and  Northern  Alabama,  expanding 
widely  to  the  W.  in  the  latter  State. 

Passing  to  the  other  carboniferous  districts  farther  W.,  this  limestone,  divided  from  the  broad  intervening 
region,  reappears  first  to  the  N.  in  a  slender  outcrop,  encircling  the  S.  half  of  the  coal-field  of  central  Michigan. 
Leaping  a  second  wide  interval,  it  again  shows  itself,  enclosing  the  whole  of  the  great  coal-field  of  Illinois, 
Indiana,  and  Western  Kentucky.  There  it  is  comparatively  thin  at  its  N.  outcrop,  but  along  the  E.  margin  of 
the  coal-field  it  gradually  thickens,  and  widens  its  area  as  it  advances  S.,  until,  on  the  Ohio  River,  and  round  the 
S.  side  of  the  basin,  it  acquires  a  great  development.  We  may  next  trace  it  along  the  S.W.  and  W.  borders  of 
this  coal-field,  from  the  Ohio  River  along  both  sides  of  the  Mississippi,  past  the  mouth  of  the  Missouri,  and  sldrting 
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the  iippei-  Mississippi  as  far  N.  as  the  Eed  Cedar  River  of  Iowa,  near  which  the  anticlinal  belt  divides,  one 
outcrop  turning  E.  round  the  Illinois  coal-field,  the  other  W.  to  enclose  that  of  Iowa.  From  the  Mississippi 
River,  between  the  Ohio  and  the  Missouri,  it  spreads  largely  through  Southern  Missouri,  encircling  the  ^"ide  ellip- 
tical anticlinal  district  of  the  Ozark  Mountains,  and  older  Paleozoic  rocks  at  theii-  base.  On  the  W.  side  of  the 
great  W.  coal-field  of  Iowa,  Missouri,  and  Arkansas,  this  formation  once  more  emerges  from  under  the  coal 
strata,  and  spreads  over  a  wide  belt  from  their  W.  border  to  the  E.  margin  of  the  unconformably  overlying  creta- 
ceous deposits  of  the  plains  of  Nebraska  and  Kansas.  Thickest  towards  the  S.,  this  great  marine  stratum  covers 
almost  continuously  the  wide  district  which  separates  the  S.  termination  of  the  Appalachian  coal-field  in  North 
Alabama,  from  the  S.  border  of  the  Illinois  coal-field  in  Western  Kentucky*.  Throughout  the  whole  broad  area 
over  which  we  have  thus  far  traced  it,  we  \vitness  a  thinning-off  in  a  N.E.  direction.  While  its  thickness,  on  its 
S.  and  S.W.  outcrops,  is  in  several  places  from  1000  to  1200  feet,  it  is  no  more  than  390  feet  in  Iowa,  is  much 
less  than  this  in  Northern  Illinois,  and  fines  away  entirely,  in  passing  under  the  Michigan  coal-field,  from  its 
attenuated  AV.  outcrop  ;  and  we  have  seen  that  in  Ohio  and  Pennsylvania  it  has  no  existence. 

This  widely-diffused  formation  is  not  restricted  to  the  E.  palaeozoic  region  of  the  continent,  but  exists  largely 
developed  in  the  other  more  insulated  ancient  tracts  of  the  W.  side.  It  occurs  in  the  Black  Hills,  in  the  Rockj- 
Mountains,  and  in  many  of  the  isolated  ridges  of  New  Mexico,  in  which  that  great  chain  dies  down,  and  it  has 
been  met  with  extensively  in  several  of  the  mountain  systems  still  farther  W.,  as  in  the  Wahsatch  chain  of  Utah 
in  the  Humboldt  Mountains  of  the  Salt  Desert,  extensively  on  the  Rio  Gila,  and  in  the  table-lands  of  Sonora ;  and 
it  has  been  detected  even  in  the  Sierra  Nevada  of  California.  Too  little  is  at  present  known  of  the  Rocky  Moun- 
tains and  the  country  W.  of  them,  to  permit  that  detailed  separation  of  the  paleozoic  system  there,  which  is  prac- 
ticable for  the  Appalachian  basin  E.  of  the  central  prairies.  Recent  researches  indicate  a  carboniferous  limestone 
near  Fort  Laramie,  and  in  the  Black  Hills  ;  but  whether  it  belongs  to  the  Umbral  Series  or  to  the  Coal-measures 
is  doubtful. 

Thickness. — The  maximum  thickness  of  the  whole  series  in  Pennsylvania  and  Virginia  is  about  3000  feet.  In 
the  Western  States  the  limestone  exceeds  1000  feet. 

Fossils. — Eveiywhere  the  fossils  are  generically  identical  with  those  of  the  great  carboniferous  Limestone  of 
Europe.  The  Umbral  red  shale  of  Pennsylvania  contains  almost  no  animal  remains,  and  very  few  vegetable.  It 
does,  however,  present,  on  some  of  the  ancient  shore-surfaces,  beautifully-distinct  footprints  of  ichthyoid  reptiles, 
and  trails  of  brachiopodous  molluscs,  and  also  impressions  of  a  few  peculiar  aquatic  plants.  The  Umbral  lime- 
stone, and  the  variegated  shales  into  which  the  red  shale  graduates  towards  the  S.W.,  abound,  on  the  contrary, 
in  organic  remains,  corals,  crinoidese,  brachiopods,  and  other  molluscs.  In  Nova  Scotia  the  marine  beds  contain 
likewise  remains  of  ganoid  fishes. 

SERAL  SERIES,  or  Coal-Measures. 
Description. — The  Coal-measures  of  the  United  States  and  the  N.E.  British  Provinces  consist  of  argillaceous 
and  silicious  sandstones  and  quartzose  conglomerates,  of  clay  shales  of  nearly  every  colour  and  texture,  of  fire-clays 
and  coal-slates,  of  argillaceous  Limestones,  chiefly  of  marine  origin,  and  of  numerous  seams  of  coal.  This  coal- 
bearing  group  is  underlaid  throughout  nearly  all  the  coal-fields  of  the  country,  from  Pennsylvania  to  Alabama  and 
Missouri,  by  a  coarse  silicious  conglomerate  or  millstone  grit,  which  also  in  some  localities  contains  thin  seams 
of  poor  coal. 

Geographical  Distribution. — The  E.  half  of  the  continent  contains  five  great  coal-fields,  distriliuted  at  intervals 
from  Newfoundland  to  Arkansas.  1.  The  first,  or  most  Easterly,  is  that  of  the  E.  British  provinces — Newfoimdland, 
Nova  Scotia,  Cape  Breton,  and  New  Bnmsmck — originally  a  wide  coal-field  broken  into  patches  by  uphfts  of  the 
older  strata,  and  by  the  waters  of  the  St  La\\Tence  Gulf.  The  surface,  covered  by  the  coal-measure  of  the  Pro- 
vinces, is  probably  about  9000  square  miles  ;  but  apparently  only  one-tenth  of  this  area  is  productive  in  coal.  2. 
The  second,  which  I  have  called  elsewhere  the  great  Appalachian  Coal-field,  commences  in  Pennsylvania,  and 
extends  S.W.  to  near  Tuscaloosa  in  Alabama.  This  includes  several  outlying  lesser  basins — those,  for  example, 
of  anthracite  coal  in  Eastern  Pennsylvania.  It  has  a  total  area  of  about  70,000  square  miles.  3.  The  third  is 
the  smaller  coal-field  of  the  centre  of  Michigan,  equidistant  from  Lake  Hiu-on  and  Lake  Michigan.  The  area  of 
this  may  be  given  at  about  15,000  square  miles.  It  is  very  deficient  in  coal.  4.  The  foiu-th  is  the  great  coal- 
field lying  between  the  Ohio  and  Mississippi  anticlinals,  and  spreading  in  the  form  of  a  wide  elliptical  flat  basin, 
from  Kentucky  N.  through  Indiana  and  Illinois,  to  Rock  River.  This  possesses  an  estimated  area  of  50,000  square 
miles.  5.  The  fifth,  and  most  W.,  is  a  long  and  large  coal-field  occupying  the  centre  of  the  great  basin  of  carboni- 
ferous rocks,  which  spreads  from  the  Mississippi  and  Ozark  anticlinals  W.  to  the  visible  limit  of  the  Palgeozoic 
region,  where  it  is  overlapped  by  the  Middle  Secondary  and  Cretaceous  deposits  of  the  prairies.  The  N.  limit  of 
this  coal-field  is  in  Iowa,  on  the  Iowa  River  ;  the  S.  is  near  the  Red  River,  on  the  W.  confines  of  Ai-kansas  ;  and 
the  total  area  of  the  great  in-egular  basin  is  not  less  than  57,000  square  miles.  In  a  S.W.  direction  from  the 
S.  point  of  this  last  coal-field,  are  three  or  more  small  detached  patches  of  coal-bearing  strata,  suiTounded  by  the 
superficial  cretaceous  deposits.  These  are  probably  only  the  denuded  outcrops  of  one  long  subterranean  basin, 
prolonged  from  the  main  one  tlu-ough  Western  Arkansas  and  Northern  Texas.  Besides  these  chief  areas  of  coal 
belonging  to  the  E.  half  of  the  continent,  there  would  seem  to  be  some  localities  of  this  formation  bordering  the 
Rocky  Mountains,  and  in  the  region  of  the  Wahsatch  chain  of  Utah.    But  so  many  of  the  reputed  cases  of  coal 
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discovered  in  tlie  interior  of  tlie  continent  have  proved,  upon  a  geological  scrutiny,  to  be  deposits  of  lignite  of 
the  cretaceous  and  even  the  tertiary  age,  that  we  are  cautious,  in  the  present  imperfect  stage  of  the  evidence,  about 
assigning  any  of  these  to  the  true  Carboniferous  formation. 

Suuiming  up  the  several  areas  here  defined,  we  perceive  that  the  broad  coal-fields  of  North  America  occupy 
the  enormous  space  of  at  least  200,000  square  miles,  or  more  than  twenty  times  as  large  a  suiface  as  that  which 
includes  all  the  known  coal-deposits  of  Europe,  or  probably  of  the  E.  continent. 

Thickness. — Comi^arative  measurements  of  the  thickness  of  these  several  deposits  of  the  American  Coal- 
measures,  indicate  a  marked  reduction  from  the  E.  towards  the  W.  Those  of  the  Nova  Scotia  field,  as  measured 
at  the  South  Joggins,  Bay  of  Fuudy,  show  a  thickness  of  nearly  3000  feet ;  those  of  the  S.E.  anthracite  basin  of 
Pennsylvania  an  average  thickness  about  as  great ;  while  the  central  portion  of  the  great  Appalachian  bitinni- 
nous  basin  has  a  depth  not  exceeding  2500  feet.  Those,  again,  of  the  Illinois  basin  are  probably  not  thicker  than 
1500  feet ;  while  the  last,  the  Iowa  and  Missouri  basin,  is  evidently  much  shallower,  its  total  depth  not  surpassing 
probably  1000  feet. 

In  Nova  Scotia,  the  coal-fields  contain,  in  the  Joggins  section,  in  all  about  fifty  seams  of  coal,  only  five  of 
which,  however,  are  of  workable  dimensions  :  these  are  equivalent  to  about  20  feet  of  coal.  In  the  deepest 
anthracite  basin  of  Pennsylvania,  that  of  the  Schuylkill,  there  are,  where  the  formation  is  thickest,  about  50  seams 
in  all ;  but  25  of  these  have  a  diameter  exceeding  3  feet,  and  are  available  for  mining.  In  the  great  Appalachian 
coal-field  there  appear  to  be  about  20  beds  in  all,  and  9  or  10  of  these  are  of  workable  size.  Again,  in  the  broad 
basin  of  Illinois,  Indiana,  and  Kentucky,  the  total  number  amounts  to  18  ;  and  it  is  believed  that  17  of  these  are 
of  a  size  and  quaUty  suitable  for  mining.  Only  2  or  3  such  are  believed  to  exist  in  the  shallow  and  much-denuded 
basin  of  Michigan.  Still  farther  W.,  the  coal-fields  of  Iowa  and  Missouri  contain,  it  is  believed,  only  2  or  3  beds 
thick  enough  to  be  profitable,  while  the  total  number  of  seams  of  all  sizes  is  probably  not  more  than  12  or  13. 

Fossils. — The  organic  remains  of  the  American  coal  strata  belong  to  the  same  forms  of  vegetation  which  are 
typical  of  the  coal-rocks  of  other  countries.  Many  of  the  species,  however,  are  local  or  peculiar.  The  strata  of 
marine  origin  contain  corals,  shells,  and  remains  of  fishes  ;  while  others  formed  at  the  sea-level  show  the  imprints 
of  shore  reptiles  and  molluscs. 

European  Equivalency. — It  is  obvious,  from  the  very  general  accordance  between  the  fossils  of  the  American 
and  the  European  coal  strata,  that  the  former  were  produced  during  the  age  of  the  upper  or  main  coal-measures 
of  the  European  carboniferous  series. 

UPPER  COAL-MEASURES;  supposed  Permian  Formation. 

West  of  the  Coal-bearing  rocks  of  Iowa,  Missouri,  and  Arkansas,  there  ranges  a  belt  of  overlying  deposits 
through  the  E.  borders  of  Kansas,  from  near  the  mouth  of  the  Platte  River  to  the  Canadian,  which  by  some  Ameri- 
can geologists  are  regarded  as  representing  the  Permian  division  of  the  Palaeozoic  system  of  Europe.  They  repose 
conformably  upon  the  Coal-measures,  from  which  they  are  not  separated  by  any  stratigraphical  or  physical  break. 
The  group  consists  of  a  reddish-biovvu  shale,  alternating  with  beds  of  fossiliferous  magnesian  limestone.  The 
organic  remains,  chiefly  mollusca,  belong  in  part  to  sjiecies  abounding  in  the  Coal-measures  beneath,  in  part  to 
other  species  here  for  the  first  time  recognised,  which  Mr  Meek,  an  able  American  palaeontologist,  has  discovered 
to  be  of  Permian  genera  ;  but  these  newly-introduced  forms  are  not  specifically  identical  with  their  Euroj^ean 
analogues,  and  they  are  sparsely  represented,  whereas  the  familiar  carboniferous  species  among  which  they  are 
dispersed  are  comparatively  very  populous.  In  the  absence  of  any  higher  organisms  decisive  of  a  Permian  age 
and  in  view  of  the  above  facts,  showing  an  intimate  relation,  physical  and  pala?ontological,  between  these  strata 
and  the  Coal-measures,  it  seems  inexpedient  to  give  them  a  separate  recognition,  such  as  an  independent  forma- 
tion would  be  entitled  to.  The  deposit  may  be  styled,  provisionally  at  least,  the  Upper  or  Newer  Carboniferous 
formation.  Its  exact  age  is  probably  that  of  the  interval  or  break  which  separates  the  Ernopean  Coal-measui'es 
from  the  Permian  deposits  which  rest  unconformably  upon  them,  or  it  may  even  overlap  the  beginning  of  the 
Permian  period.    It  was  nevertheless  essentially  a  prolongation  of  the  Carboniferous  age  of  North  America. 

MESOZOIC  FORMATIONS,  or  Middle  Secondary  Strata. 

Older  Mesozoic. — It  is  remarkable  that  while  the  middle  latitudes  of  North  America  contain  very  extensive 
districts  of  Palaeozoic  strata,  and  others  almost  as  wide  of  the  Newer  Mesozoic  or  Cretaceous,  and  extensive  regions 
of  Tertiary  or  Cainozoic  deposits,  the  Continent  embraces  an  extremely  small  extent  of  the  Older  Mesozoic  or 
Triassic  and  Jurassic  formations.  Along  the  Atlantic  Slope  these  strata  exist  in  narrow  detached  belts  of  comjia- 
ratively  restricted  length,  in  situations  which  indicate  tLat  they  were  accumulated  in  local  estuaries  and  small 
basins,  and  not  upon  the  general  oceanic  border  of  the  land  as  it  then  existed. 

Two  independent  formations  or  groups  of  strata  of  very  nearly  the  same  geological  age  comprise  all  the  older 
Mesozoic  deposits  of  the  Atlantic  Slope  hitherto  ascertained.  Possibly  the  oldest  and  certainly  the  most  extensive 
of  these  is  a  Red  Shale  and  Sandstone  group,  distributed  in  a  series  of  detached  basins  from  Prince  Edward 
Island  in  the  Gulf  of  St  Lawrence  to  the  Atlantic  Slope  of  North  Carolina.  The  other,  a  Coal  formation  of  verv 
limited  area,  occurs  in  three  or  four  small  and  narrow  basins  in  Eastern  Virginia  and  North  Carolina,  and  South 
Carolina,  immediately  W.  of  the  West  margin  of  the  Atlantic  Tertiary  deposits. 
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Other  tracts  of  Mesozoic  strata  exist,  but  farther  in  the  interior  of  the  Continent.  One  of  these,  of  Jurassic 
age,  occurs  in  Kansas  ;  another  of  simiLar  date  encircles  the  Black  Hills. 

Mesozoic  Red  Sandstone. — Notwithstanding  their  insulated  position  with  respect  to  each  other,  the  several 
masses  of  Middle  Secondaiy  red  sandstone  exhibit  a  remarkable  general  agreement  as  regards  their  composition. 
Argillaceous  red  sandstone,  red  shale  sometimes  slightly  calcareous,  grey  carbonaceous  shales  in  small  amount, 
and  coarse  silicious  and  other  conglomerates,  are  the  prevailing  sedimentary  rocks.  Verv-  generally,  the  whole 
deposit,  especially  that  belt  which  extends  continuously  from  the  Hudson  to  the  James  River  in  Virginia,  consists 
of  three  members,  the  lowest  being  a  conglomerate  formed  of  pebbles  of  the  adjacent  older  strata,  imbedded  in  a 
cement  of  red  shale ;  the  middle,  an  extensive  alternation  of  red  shale  and  argillaceous  red  sandstone  ;  and  the 
uppermost,  often  absent,  and  always  of  moderate  thickness,  another  conglomerate  similar  in  composition  and  in 
origin  to  the  lowest. 

That  portion  of  the  formation  which  occupies  the  S.  half  of  the  valley  of  the  Connecticut  Eiver  consists 
chiefly  of  argillaceous  sandstone,  with  beds  of  red  silicious  conglomerate,  and  some  partial  layers  of  grey 
carbonaceous  shale,  but,  on  the  whole,  is  much  less  shaly  or  argillaceous  than  the  belt  which  traverses  the 
middle  States. 

Those  patches  of  the  deposit  which  cover  Prince  Edward  Island  and  the  shores  of  Cobequid  Bay  in  Nova 
Scotia,  differ  chiefly  from  the  others  in  containing  more  calcareous  cement  in  the  soft  red  sandstones.  The 
principal  strata  are  coarse  red  sandstone,  coarse  heterogeneous  conglomerates  in  the  lower  part,  and  soft 
calcareous  red  shales. 

Geographical  Distribution. — Commencing  at  the  N.E.,  the  first  tract  of  Triassic  or  Jurassic  red  sandstone  is 
that  which  skirts  the  N.  shore  of  Chaleurs  Bay  in  New  Bnmswick  from  the  neighbourhood  of  Gaspe  Bay  S.W. 

The  next  area  is  Prince  Edward  Island,  almost  the  whole  of  which  consists  of  a  red  sandstone,  which  some 
geologists  refer  to  this  formation.  A  third  tract  is  the  deposit  already  referred  to  as  lining  the  shore  of  Cobequid 
Bay,  or  E.  head  of  Minas  Basin  in  Nova  Scotia.    This  reaches  only  as  far  E.  as  Truro. 

In  the  United  States  we  meet  with  the  next  belt  in  the  A'alley  of  the  Connecticut,  where  the  rock  covers  an 
area  nearly  155  miles  long,  by  from  7  to  10  miles  wide,  extending  from  near  the  N.  line  of  Massachusetts  S.  to 
Long  Island  Sound. 

The  largest  belt  of  all,  or  that  of  the  Middle  and  Southern  States,  stretches  from  the  W.  bank  of  the  Hudson 
River,  where  it  is  upon  the  level  of  the  ocean,  inland  in  a  S.W.  direction  along  the  S.E.  side  of  the  South 
Mountain  and  Blue  Ridge,  gradually  contracting  in  breadth,  and  ascending  in  level  through  the  States  of  New 
Jersey,  Pennsylvania,  Maryland,  and  Vii-ginia,  to  near  the  centre  of  the  latter,  where  it  terminates. 

Another  narrow  strip  of  the  same  rocks  nins  from  a  little  N.  of  the  Roanoke  River  S.W.  almost  to  the 
Yadkin  in  North  Carolina ;  and  between  the  main  belt  and  tliis  one  there  occurs  a  small  patch  on  the  James 
River,  in  a  position  which  indicates  that  originally  they  were  all  three  connected.  Some  miles  to  the  E.  of 
this  principal  belt  there  is  another  still  smaller  j^atch  on  Willis  River,  a  tributary  of  the  James,  which,  with  one 
or  two  other  stiU  more  trivial  outlying  masses,  implies  that  there  has  been  an  extensive  denudation  of  the 
original  shallow  deposit. 

The  most  Southern  tract  hitherto  brought  to  light  lies  to  the  S.E.  and  S.  of  the  Roanoke  belt,  and  extends 
from  the  Tar  River,  North  Carolina,  S.W.  to  a  point  8  or  10  miles  within  the  State  of  South  Carolina.  This  belt 
passes  a  few  miles  to  the  W.  of  the  city  of  Raleigh. 

Organic  Remains  and  Geological  Age. — None  of  the  deposits  of  the  Middle  Secondary  or  Mesozoic  red  sandstone 
formation  of  the  Atlantic  border  abound  in  fossils,  but  the  vestiges  of  organic  life  which  they  do  contain  are 
remarkable.  These  consist  of  plants,  chiefly  terrestrial,  of  two  or  three  shells,  and  simple  crastaceans,  of  several 
fishes,  chiefly  species  of  the  germs  Catopteris,  of  two  or  tlu-ee  Thecodontoid  Saurians,  and  of  the  footpiints  of  some 
twelve  or  fifteen  species  of  quadrupedal  animals  believed  to  be  reptiles,  and  of  tlie  tracks  of  between  thirty  and 
forty  varieties  of  birds. 

The  red  rocks  of  Prince  Edward  Island  pertain  probably  both  to  the  coal  period  and  to  that  of  the  other  red 
sandstones  farther  S.,  or  the  earliest  Jurassic ;  some  of  these  strata  on  the  S.  side  of  the  island  imbed  what 
seem  to  be  carboniferous  plants,  while  others,  on  the  N.  side,  have  yielded  a  fossil  reptile,  the  Bathygnathus 
borealis,  the  affinities  of  which  point  to  a  Middle  Secondary  epoch.  No  fossils  have  been  discovered  as  yet  in  the 
Nova  Scotian  Mesozoic  basin ;  but  as  it  evidently  lies  unconfomiably  in  a  trough  of  the  carboniferous 
and  other  Palaeozoic  rocks,  formed  at  the  close  of  the  coal  period,  we  have  the  same  evidence  for  its  post-carbo- 
niferous age  which  was  formerly  accepted  before  the  discovery  of  any  fossils  in  the  red  sandstone  of  New  Jersey 
and  Pennsylvania,  as  a  sufficient  proof  of  the  Middle  Secondary  date  of  that  deposit.  But  besides  this  stratigra- 
phical  fact,  there  are  many  circumstances  of  close  identity  to  connect  this  formation  with  those  of  the  great 
Mesozoic  estuaries  of  Connecticut  and  the  Atlantic  Slope.  Chief  among  these  is  a  close  correspondence 
in  the  nature  of  the  sedimentary  materials,  Avasliings  into  shallow  bays  of  the  soils  of  the  adjacent  older  rocks  ; 
and,  secondly,  a  remarkable  analogy  in  aU  the  phenomena  of  the  trappean  rocks  which  contain  native  copper  and 
its  ores,  and  wliich  penetrate  alike  these  several  formations.  These  trappean  outbursts,  closely  linked  in  time 
with  the  strata  which  they  penetrate,  are  so  ruilike  in  lithological  constitution,  in  the  minerals  which  they  enclose, 
and  in  the  constant  presence  of  copper,  especially  in  the  native  state,  that  we  are  compelled  to  regard  them  as 
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the  products  of  one  period — the  eriiptions,  indeed,  of  one  crisis  in  the  disturbances  of  the  Atlantic  front  of  the 
continent. 

The  vegetable  fossils  in  the  Connecticut  sandstone,  consisting  chiefly  of  Ci/cadites,  Lycopodites,  a  fern, 
Clathoptenis  vieniscoides,  and  a  few  equisetacea?,  display  such  alliances  with  those  of  the  Jurassic  coal-rocks  of 
Eastern  Virginia  as  to  place  the  early  Jurassic  or  late  Triassic  age  of  the  deposit  beyond  a  question. 

The  fossil  fishes  of  the  Connecticut  Valley,  once  referred  to  the  genus  Palceoniscus,  but  since  to  a  separate 
genus  by  Kedfield  and  Sir  P.  Edgerton,  have  less  heterocercal  tails  than  that  Palosozoic  family,  and  plainly 
indicate  a  Middle  Secondary  age.  These  fossils,  occurring  both  in  the  Connecticut  and  the  New  Jersey  deposits, 
serve  to  identify  these  two  formations  in  time,  while  the  occurrence  of  other  species  very  nearly  of  the  same  type 
in  the  Liassic  coal-rocks  of  Eastern  Virginia  siipplies  a  further  link  to  associate  these  latter  with  the  several 
different  red-sandstone  formations  which  we  are  describing.  Eedfield  has  called  one  genus  Catopteris  ;  the  name 
Ischypterus  has  been  proposed  for  another  by  Sir  Philip  Edgerton.  But  the  most  interesting  of  all  the  organic 
remains  in  the  Connecticut  red  sandstone  are  the  quadruped  and  biped  footprints  above  referred  to.  The  former, 
it  is  believed,  were  left  by  different  species  of  lizards,  turtles,  and  frog-like  or  Batracliian  reptiles ;  the  latter  by 
various  species  of  wading-birds,  some  of  them  of  very  colossal  size.  Cojjrolites,  or  specimens  of  the  dung  of  these 
creatures,  have  also  been  occasionally  met  with.  The  tracks  occur  at  intervals  throughout  a  distance  of  more  than 
80  miles  from  Turner's  Falls  in  Massachusetts  southward,  and  are  repeated  on  successive  surfaces  through  a  thickness 
of  more  than  1000  feet  of  strata,  measuring  this  by  the  usual  rule  of  the  dip.  This,  as  will  presently  appear,  does 
not,  however,  necessarily  prove  a  subsidence  of  the  bed  of  the  red  sandstone  estuary  through  so  great  a  space. 
No  actual  remains  of  birds,  recognised  as  such,  have  hitherto  been  brought  to  light ;  though  a  few  obscure  bones, 
believed  to  be  reptilian,  have,  it  is  said,  been  discovered.  As  the  bird-tracks  liere  spoken  of  are  the  earliest 
vestiges  of  this  higli  class  of  creatures  yet  met  with  in  any  country,  an  especial  interest  attaches  to  the  determi- 
nation of  the  true  age  of  the  rocks,  of  so  remote  an  anticj^uity,  which  contain  them. 

Of  the  fossils  of  the  Middle  Secondary  belt  of  the  Middle  and  Southern  States,  one  of  the  most  significant  is  a 
small  crustacean  form,  a  Posidonia  very  similar  to  the  P.  minuta  of  the  European  Trias,  but  believed  to  be  a 
species  of  Estherea — not  a  shell,  but  a  crustacean.  This  occurs  associated  with  countless  multitudes  of  two 
minute  species  of  cr/pris,  another  small  crustacean.  They  are  met  with  abundantly  in  the  thinly-laminated  carbo- 
naceous shales  of  the  formation  in  the  interior  of  Virginia,  and  as  far  to  the  N.E.  as  the  Schuylkill  River  in 
Pennsylvania.  Being  indicative  of  fresh  waters,  their  presence  is  expressive  of  an  ancient  river  flowing  into  a 
tidal  estuary,  debouching  where  the  Hudson  now  opens  towards  the  sea,  Coprolites,  probably  reptilian,  occur 
with  them  near  the  Schuylldll.  Still  farther  to  the  N.E.,  but  towards  the  upper  or  N.W.  margin  of  the  formation, 
near  Momstown,  and  near  Pompton,  New  Jersey,  the  remains  of  fishes  and  a  few  bird-tracks  have  been  found, 
identifying,  as  already  stated,  this  dej^osit  with  that  of  the  Connecticut  Valley,  Besides  these,  the  actual  bones 
and  teeth  of  a  saurian  reptile  [Clepsisaurus  Pennsylvaniensis)  have  been  recovered  from  the  upper  beds  of  these 
red  sandstones  in  Leliigh  County,  Pennsylvania. 

In  the  Eastern  Mesozoic  belt  of  North  Carolina,  conjectured  by  Professor  Emmons  to  contain  deposits  of  both 
the  Permian  and  Triassic  age,  the  lower  or  supposed  Permian  group  has  afforded  to  that  observer  several  thecodont 
saurians,  and  an  interesting  mammalian  relic,  the  Dromatherium  Sylvestre  of  Emmons.  It  is  supposed,  from  its 
dentition,  to  have  belonged  to  an  insectivorous  marsupial  mammal.  As  liitherto  no  mammalian  remains  have 
anywhere  been  met  with  in  deposits  older  than  the  Trias,  the  occurrence  of  this  fossil  in  the  Mesozoic  coal  strata 
of  North  Carolina  miUtates  strongly  against  the  hypothesis  of  their  Permian  age,  and,  as  Professor  Emmons 
admits,  indicates  rather  an  Oolitic  or  Jurassic  date. 

Dip  of  the  Red  Sandstone,  and  Physical  Conditions  attending  its  Origin. — Some  of  the  features  of  tedding  of  the 
Middle  Secondary  red  sandstones  are  sufficiently  remarkable  to  claim  special  mention  here.  In  Prince  Edward 
Island,  and  in  the  Nova  Scotia  basin,  the  stratigraphical  conditions  are  not  peculiar,  the  rocks  in  the  first-named 
district  being  disposed  in  low  and  broad  midulations,  but  with  a  prevailing  dip  to  the  N.E.,  and  those  in  the 
latter  having  the  form  of  a  regular  trough,  one  side  or  outcroi>  reposing  with  a  N.W.  dip  on  the  Palaeozoic  rocks 
of  the  S.  side  of  the  Bay  of  Fundy  and  basin  of  Minas  ;  the  other  side  with  a  S.E.  dip,  skirting  the  S.  base  of  the 
Cobequid  Mountains,  and  fringing  the  N.  shore  of  the  same  waters.  But  in  the  deposit  of  the  Connecticut  Valley, 
and  that  of  the  Middle  and  Southern  States,  the  stratification  is  decidedly  abnormal.  Throughout  the  former 
there  prevails  only  one  direction  of  the  dip,  which  is  a  little  to  the  South  of  East,  the  average  inclination  being 
about  20°,  though  in  some  places  it  is  as  low  as  7°  or  10°,  and  in  other  places  as  steep  as  40°  and  50°.  What 
renders  this  prevalence  of  one  dip  the  more  remarkable  is  the  absence  of  any  external  marks  of  great  faults  or 
dislocations,  or  of  any  repetition  of  the  same  strata  on  a  section  transverse  to  the  strike,  the  whole  formation 
appearing  to  be  one  unbroken  sequence  of  deposits.  Over  a  large  part  of  the  tract  the  beds  seem,  indeed,  to  hold 
the  very  attitudes  or  inclinations  under  which  they  were  formed,  though  in  certain  localities,  especially  towards 
the  W.  margin,  and  adjacent  to  the  larger  outbursts  of  trap-rock,  they  appear  to  have  been  uplifted,  or  laterally 
squeezed  into  steeper  inclinations  than  originally  belonged  to  them. 

Throughout  the  great  S.  belt,  from  the  Hudson  to  Virginia,  a  similar  phenomenon  of  the  dip  presents  itself 
under  circumstances  still  more  striking.    Without  exception  the  strata  dip  in  only  one  direction,  but  they  descend 
towards  the  N.  and  N.W.,  and  not,  as  in  the  Connecticut  Valley,  towards  the  E,    In  each  instance  they  dip  from 
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one  shore  towards  the  opposite,  across  the  entire  breadth  of  the  basin  or  estuary  which  originally  received  them. 
In  tliis  longer  tract  the  prevailing  slope  is  15°  or  20°,  and  it  nowhere  exceeds  about  30°.  Eveiy thing  in  the 
constitution  of  these  strata  in  both  belts — their  materials,  the  direction  of  their  dip,  and  their  oblique  bedding — 
indicate  that  they  were  deposited  slopingly  from  one  side  only  of  their  respective  estuaries ;  and  we  may  see,  in 
the  positions  of  the  respective  water-sheds  which  fed  them,  the  features  of  the  physical  geograj^hy  which  caused 
this  mode  of  origin.  In  the  case  of  the  Connecticut  estuary,  we  have  merely  to  suppose  that  its  greatest  depth, 
or  its  channel,  was  near  its  E.  shore,  and  that  it  was  fed  by  lateral  rivers  descending  E.  from  the  water-shed  of 
metamorpliic  strata  which  even  now  divides  the  plain  of  the  Connecticut  from  that  of  the  Hudson  River.  In  the 
other  instance  we  find,  in  the  existing  physical  and  geological  structure  of  the  two  borders  of  this  greater  estuary, 
an  equally  ready  explanation  of  the  monoclinal  dip  and  the  origin  of  the  materials.  The  bold  features  of  the 
mountain-chain  which  formed  the  N.W.  shore  of  this  great  bay  and  river  imply  that  its  deepest  channel  lay  close 
upon  that  side  ;  and  in  the  talcose  and  other  metamorphic  rocks  of  the  region  bordering  the  estuary  on  the  S.E., 
which  even  at  this  day  are  remarkable  for  the  red  soils  they  produce,  we  see  the  source  from  whence  the  materials 
were  derived.  The  original  obliquity  of  the  deposition  of  the  red  shales  and  sandstones  is  not  a  matter  of  hj-po- 
thesis,  but  a  necessary  inference  from  observed  facts  of  superposition ;  for  in  some  places,  several  miles  to  the  N. 
of  the  S.  border  of  the  belt  in  Pennsylvania,  where — measured  by  the  ordinary  trigonometrical  rule,  which  assumes 
that  the  strata  were  originally  horizontal,  and  were  afterwards  uphfted — the  thickness  of  the  deposit  should  be 
many  thousand  feet,  we  discover  it  to  be  actually  extremely  shallow,  denudation  having  cut  entirely  through  it, 
and  exposed  the  older  system  of  rocks  which  constitute  its  floor. 

Interpreting,  then,  from  the  facts  presented,  the  physical  conditions  which  attended  the  beginning,  progress, 
and  close  of  these  Middle  Secondary  deposits,  we  are  entitled  to  assert  that  their  period  was  ushered  in  by  a 
sudden  agitation  of  the  region,  resulting  in  an  abnipt  depression  of  the  tidal  portions  of  each  tract  below  the 
general  ocean-level,  or,  in  other  words,  in  the  creation  of  broad  and  shallow  river-valleys  lunning  longitudinally 
with  the  mountains,  and  opening  to  the  sea.  Into  these  newly-created  depressions  the  suddenly-displaced 
drainage  of  the  bordering  tracts  would  introduce  a  load  of  fragmentary  matter  for  the  production  of  those  conglo- 
merates which  almost  everywhere  constitute  the  lower  strata  of  the  formation.  After  the  first  con^-ulsions  were 
over,  a  permanent  drainage,  in  the  one  case  from  the  W.,  in  the  other  from  the  S.E.  and  S.,  woidd  supply  the 
softer  and  finer  materials  of  the  gi-eat  body  of  the  deposit.  The  oblicpie  deposition  of  these  materials  would 
result  from  their  lateral  introduction  and  the  scouring  action  of  a  strong  tidal  or  river  current  in  the  channel, 
sweeping  out  all  sedimentary  matter  from  the  middle  and  far  side  of  the  estuaiy,  and  permitting  only  that  to 
collect  which  was  piled  forward,  layer  upon  layer,  by  muddy  tributary  streams  frequently  swollen  by  rains. 

If,  in  connection  with  these  views  of  the  physical  geography  of  the  period,  we  people  the  borders  of  each 
estuary  with  tlie  wading-birds  and  water-frequenting  reptiles  whose  vestiges  are  impressed  upon  the  once  soft 
strata,  and  admit  the  natural  assumption  that  the  tracts  in  wdiich  they  delighted  were  the  tidal  portions  of  these 
estuaries,  we  may  readily  conceive  how  the  footjiriiits  of  these  animals  were  buried  up  and  presei-ved.  At  each 
recession  of  the  tide  they  would  go  down  to  feed  upon  the  last  newly-deposited  silts  of  the  sloping  shore,  and 
retiring  would  leave  their  footmai-ks,  and  then  each  returning  or  flood  tide,  backing  the  turbid  waters  descending 
from  the  hills,  would  throw  down  a  fresh  layer  of  sediment  to  fill  these  imprints,  and  preserve  them  unaltered  for 
an  indefinite  time. 

To  account  for  the  very  heterogeneous  conglomerates  which  constitute  the  uppermost  or  final  stratum  in  so 
many  localities,  it  is  merely  necessary  to  consider  what  would  take  place  at  the  first  coming  on  of  that  series  of 
volcanic  actions  which  produced  the  great  dykes  and  outflows  of  trappean  lava  that  occur  so  extensively  in  aU 
these  Middle  Secondary  belts.  These  conglomerates  consist  almost  exclusively  of  the  fragments,  imperfectly 
rounded,  of  the  older  rocks  of  the  immediately  adjoining  hills,  imbedded  in  a  paste  of  the  red  shaly  matter  of  the 
waters  of  the  estuary ;  and  it  is  a  significant  fact  that  they  include  no  pebbles  of  the  trappean  rocks.  The  erup- 
tion of  the  trap  rocks  was  therefore  posterior  to  the  formation  of  the  conglomerates.  Let  us,  then,  sujjpose  that  just 
prior  to  the  actual  eruption  of  the  igneous  rocks,  these  Middle  Secondary  tracts  were  violently  convulsed  and  par- 
tially or  even  entirely  uplifted  by  vehement  earthquakes,  and  we  have  at  once  a  sufficient  cause  for  the  formation 
of  the  conglomerates  and  the  drainage  of  the  basins.  The  waters  of  those  estuaries  containing  these  tenninal 
breccias  must  have  been  lashed  violently  against  the  base  of  the  steep  bordering  hills.  In  their  agitation  they 
would  tear  off,  partially  round,  and  strew  the  fragmentary  materials  wiihin  their  reach,  imbedding  these  in  the 
paste  of  sand  and  mud  with  which  they  were  already  charged.  The  draining-off  of  the  estuary  waters  towards 
the  side  of  the  ancient  channel  would  naturally  produce  that  oblique  dip  of  the  conglomerates  under  which  tliey 
seem  to  have  been  formed,  and  by  which  they  abut  against  the  rocks  of  whose  fragments  they  consist.  Further 
and  stiU  more  energetic  convulsions,  with  uprising  of  the  land,  would  complete  the  desiccation  of  those  tracts 
which  became  permanently  dry,  and  residt  in  that  extensive  mpturing  of  the  crust  which  gave  birth  to  the  dykes 
and  the  plateaus  of  trap-rock  that  now  so  extensively  intersect  these  deposits.  In  certain  cases  the  entire  length 
of  each  Middle  Secondary  belt  seems  not  to  have  been  uplifted  to  the  sea-level  before  the  commencement  of  the 
trappean  eruptions  ;  and  those  tracts  which  remained  thus  submerged  are  seen  to  contain,  interstratified,  as  it 
were,  with  the  later  sedimentary  deposits,  those  sandy  volcanic  tuff's  or  subaqueous  sedimentary  forms  of  trappean 
matter  which  constitute  the  link  between  the  exclusively  aqueous  and  igneous  masses.  These  aqueo-igneous 
rocks  or  trap  shales  abound  more  in  the  even  now  not  entirely  uplifted  basin  of  Nova  Scotia  ;  and  they  occm- 
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to  some  extent  in  the  lower  or  more  oceanic  parts  of  the  other  two  great  estuary  tracts — that  of  the  Connecticut 
Eiver,  and  that  of  the  Middle  States. 

Trap-Rocks. — The  igneous  rocks  of  these  Middle  Secondary  belts  of  the  Atlantic  seaboard  constitute  one 
of  the  remarkable  features  in  the  geology  of  the  country.  With  very  few  exceptions,  they  are  restricted  to  tlie 
limits  of  the  Red  Sandstone  deposits,  there  being  obviously  some  law  of  connection  between  their  geographical 
distribution  and  that  of  the  rocks  which  they  invade.  For  the  most  part  they  occur  in  great  dykes  and  ridges, 
ranging  longitudinally  with  the  strike  of  the  strata  they  intersect,  or  approximately  parallel  witli  the  borders  of 
the  Middle  Secondary  basin.  They  are  of  all  dimensions,  from  ridges  and  even  plateaus  many  miles  in  length 
and  several  hundred  feet  in  altitude,  to  short  and  naiTow  dykes  of  the  length  of  a  few  hundred  feet  and  the  width  of 
a  few  feet  or  inches.  Some  of  them  are  approximately  straight,  but  by  far  the  greater  number  show  a  curved  or 
crescent  shape  ;  and  some  of  them  are  even  hooked  at  their  ends  until  their  points  range  at  right  angles  to  their 
main  portions.  With  a  few  exceptions  the  ends  or  horns  of  these  crescent-shaped  dykes  and  ridges  point  in  the 
direction  of  the  dip  of  the  red  sandstone  strata  which  they  intersect ;  and  this  law  of  their  direction  is  not  con- 
fined to  the  gi'eat  Middle  Secondary  deposit  of  the  Middle  States,  but  prevails  quite  as  conspicuously  in  that  of 
the  valley  of  the  Connecticut.  What  makes  this  the  more  striking  is,  that  as  the  strata  in  these  two  estuary- 
deposits  dip  towards  nearly  contrary  quarters — in  the  former  towards  the  N.W.,  in  the  latter  towards  the  E. — the 
points  of  the  trappean  ridges  in  the  two  instances  observe  corresponding  differences  of  direction.  This  remarkable 
relation  of  the  form  of  the  dykes  to  the  dip  of  the  strata  enclosing  them,  has  its  probable  solution  in  the  fact  that 
the  trappean  matter  was  extruded  partly  up  the  previously  established  slopes  of  the  obliquely  deposited  red  sand- 
stone, and  partly  perpendicularly  through  the  transverse  breaks  in  the  strata  occasioned  by  the  stretching  of  the 
crust,  and  the  lifting,  as  on  a  hinge,  of  the  outcrop  part  of  the  strata  borne  up  by  the  rising  trap. 

These  rocks  consist  for  the  most  part  of  coarsely-crystallised  greenstone  trap  and  dykes  of  more  compact 
basalt.  Sometimes  the  rock  is  a  true  dolorite ;  amygdaloids,  or  vesicular  traps  and  toadstone,  are  not  unfre- 
quent ;  and  the  trap  shale  or  sedimentary  aqueo-plutouic  variety  is  also,  as  already  stated,  met  with. 

Of  the  minerals  associated  with  the  trap,  the  most  distinctive  are  metallic  copper  and  its  ores,  especially  the 
red  oxide  of  copper,  green  carbonate,  and  grey  sulphuret ;  but  these  do  not  occur  in  regular  lodes.  Specular  iron- 
ore,  in  small  tabular  crystals,  is  also  common,  and  magnetic  iron-ore.  All  these  are  most  apt  to  occur  next  the 
outer  walls  of  the  dykes,  or  in  the  fissures  of  the  sedimentary  rocks  immediately  contiguous.  Many  attempts 
have  been  made  to  mine  the  copper  at  a  profit,  but  hitherto  invariably  without  success.  Other  characteristic 
minerals  are — agates,  stilbite,  laumonite,  chabasite,  analcime,  phrenite,  epidote,  and  occasionally  datholite,  &c. 

MeAalliferous  Veins. — In  two  or  three  dictricts  true  metalliferous  lodes  occur  within  the  limits  of  the  middle 
Secondary  red  sandstones.  And  in  one  locality — that  of  Montgomery  and  Chester  counties,  Pennsylvania — 
some  of  these  veins  have  been  experimentally  mined,  and  with  partial  success.  These  veins  are  not  associated 
with  dykes  of  trap-rock,  but  are  independent  metalliferous  injections,  consisting  of  some  of  the  ores  of  lead,  zinc, 
and  copper,  involved  in  various  gangue-stones,  as  quartz,  felspar,  oxide  of  iron,  &c.  The  chief  ores  are  sulphuret 
and  phosphate  of  lead,  carbonate  and  sulphate  of  copper,  and  the  sulphuret  and  carbonate  of  zinc.  The  Wheatly 
lode,  the  most  promising  of  this  group,  penetrates  both  the  gneissic  rocks  and  the  red  sandstones.  It  has  already 
furnished  neai'ly  thirty  mineral  species ;  among  these,  some  rare  crystalline  combinations  or  salts  of  the  metals 
above  named. 

Jurassic  Coal-Formation. — The  Jurassic  coal-formation,  apparently  identical  in  age,  or  nearly  so,  with  the 
Jurassic  or  Middle  Secondary  red  sandstone,  occupies  a  much  more  restricted  area  than  that  other  rock  on  the 
Atlantic  slope.  It  is  limited,  indeed,  to  a  series  of  small  basins  strung  at  intervals  along  the  E.  border  of  the 
great  zone  of  metamorphic  strata,  a  little  West  of  the  Western  boundary  of  the  tide-water  tertiaiy  plain,  from  the 
Potomac  to  near  the  Wateree  River,  in  South  Carolina.  One  strip  stretches  from  the  W.  bank  of  the  Potomac, 
some  miles  S.  of  Washington,  in  a  narrow  interrupted  outcrop,  as  far  as  the  James  or  Powhattan  River,  obscured 
for  the  most  part,  except  where  it  is  intersected  by  the  Chesapeake  rivers,  by  the  overlapping  lower  beds  of  the 
Eocene  and  Miocene  tertiaries.  This  long  narrow  zone  consists  chiefly  of  a  soft  pebbly  imperfectly-cohering  rock, 
a  whitish-grey  argillaceous  sandstone,  in  which  the  cementing  material  of  the  sand  is  frequently  a  white  kaolin. 
Though  it  contains  numerous  fi-agments  of  an  oolitic  vegetation,  it  appears  to  possess  no  regular  seams  of 
coal.    Its  position  and  composition  indicate  it  to  have  been  formed  on  a  line  of  coast  rather  than  in  an  estuary. 

The  next  patch,  a  genuine  coal-basin,  occurs  on  a  line  a  little  west  of  the  above  described,  and  seems  to  have 
been  originally  more  inland.  It  extends  from  a  few  miles  N.  of  the  James  River  to  the  S.  side  of  the  Ajipamat- 
tox  River,  a  length  of  about  25  miles,  with  a  mean  width  of  8  or  10  miles,  the  centre  of  the  trough  lying  about 
12  miles  W.  of  the  city  of  Richmond. 

The  materials  of  wliich  this  coal-basin  consists  are  principally  coarse  grey  micaceous  sandstone,  ^vith  com- 
paratively little  trae  shale  or  slate,  and  they  seem  to  have  been  derived  from  the  subjacent  granitoid  gneiss,  upon 
which  they  immediately  repose,  in  a  wide  deep  trough.  These  Coal-measures  have  been  penetrated  on  their 
E.  margin,  by  mining,  to  a  depth  of  nearly  900  feet,  and  a  section  across  the  basin  shows  that  they  probablv 
have  a  total  thickness  in  the  centre  of  1500  or  2000  feet.  Only  the  very  lowest  portion  of  the  formation  is  pro- 
ductive in  coal :  the  two,  and  sometimes  three,  distinct  known  seams  being  all  comprised  within  the  lowest, 
150  feet.    One  of  these  beds,  the  very  lowest,  is  in  some  places  of  enormous  size,  being  as  much  as  30  feet  or 


761 


GEOLOGY  OF  THE  UNITED  STATES. 


even  40  feet  thick.  It  is  very  variable,  however,  being  in  other  spots  not  more  than  4  or  5  feet,  and  appears  to 
have  been  formed  in  hollows  on  an  irregular  floor  of  the  older  rocks,  for  the  bottom  of  the  seam  is  in  some  places 
within  a  few  feet  or  even  inches  of  gneiss.  The  coal  is  a  highly  bituminous  fusible  gas-making  variety  of  the 
species  called  cherry  coal,  of  a  low  specific  gravity,  and  a  brown  streak  or  powder.  The  mines  are  wet  and  deep, 
and  are  not  prosecuted  with  much  activity,  the  total  jaeld  of  the  basin  in  1854  being  about  150,000  tons. 

Fossil  Vegetable  and  Animal  Remains. — These  coal-bearing  strata  contain  several  interesting  species  of  extinct 
plants,  some  or  all  of  which  have  evidently  contributed  to  form  the  beds  of  peat  out  of  which  the  coal-seams  were 
derived  ;  but  none  of  them  pertain  to  the  vegetable  forms  found  in  the  ancient  carboniferous  strata,  or  tnie  Coal- 
measures.  Nothing  like  the  old  Stigmarise,  Sigillarife,  or  Lepidodendra,  nor  any  species  of  the  numerous  herbace- 
ous and  tree  ferns  of  the  older  coal  have  been  seen.  The  distinctive  forms  are — Z.  tenuistriatus,  Zamites  obtusifolius, 
and  Equisetum  columnare,  Lycopodites  Williamsonis,  with  a  noble  fem,  Tceniopteris  7naffnifolia,  and  Fecopteris 
Whitbi/ensis.  Several  of  these  forms  appear  to  be  identical  with  the  well-known  fossils  of  the  lower  oolitic  sand- 
stones of  Yorkshire.  It  is  probable  that  the  carbonaceous  matter  of  the  coal  was  largely  derived  fi-om  the  fleshy 
cellular  stems  of  the  gigantic  Zauiias. 

Of  the  animal  remains,  the  most  significant  relics  yet  discovered  are  a  few  teeth,  which  seem  to  have  belonged  . 
to  some  saurian,  and  numerous  specimens  of  two  or  three  genera  of  very  slightly  heterocercal  fishes,  one  of  which 
is  the  Catopterus  Macrarus.  True  mollusca  are  rare  ;  but  a  shell-like  form,  the  Fosidonia  or  Fosidonomia,  once 
before  spoken  of,  and  recently  suspected  to  belong  to  the  crustacean  genus  Estheria,  is  occasionally  found,  and 
is  one  of  the  interesting  fossil  links  which  connect  this  oolitic  coal-formation  with  the  adjacent  Jurassic  red 
sandstones. 

Like  the  red-sandstone  basins,  this  coal-field  seems  to  have  been  invaded  at  the  date  of  its  elevation  by  great 
crust-disturbances,  lifting  it  from  the  water,  faulting  its  rocks,  and  injecting  it  with  dykes  of  trap.  Some  of  these 
trajipean  injections  appear  not  to  have  reached  the  surface,  for  they  lose  themselves  between  the  strata ;  and  in 
one  remarkable  case,  the  igneous  rock,  traversing  or  rather  resting  on  one  of  the  coal-seams,  has  converted  it  by 
slow  heat  and  pressure  into  a  natural  coke  of  a  dull  lustre  and  great  compactness.  It  is  not  a  true  anthracite, 
but  a  real  coke  ;  and  it  is  doubtful  if  anthracite  on  the  large  scale  has  ever  been  jiroduced  fi-om  bituminous  coal 
through  the  contact  or  jaroximity  of  igneous  rocks  merely.  The  coal-field  of  Eastern  Virginia  is  excessively  fiery, 
and  many  disastrous  explosions  have  arisen  in  the  mines  from  the  copiousness  of  the  fire-damp. 

The  coal-field  of  Eastern  Virginia  would  appear  to  have  been,  at  the  date  of  its  formation,  a  fresh-water 
swamp  at  the  head  of  a  bay  penetrating  the  land  from  the  N.,  and  it  is  j^robable  that  the  non-coal-bearing  sand- 
stones of  the  same  age  in  the  belts  adjoining  were  deposited  on  the  Western  coast  of  this  bay,  or  the  main  shore 
of  the  continent  just  outside  of  it.* 

Oolitic  Basin,  North  Carolina.- — The  third,  principal,  and  by  far  the  largest  tract  of  the  Jurassic  coal-fonnation 
of  the  Atlantic  slope  occurs  in  North  Carolina,  extending  from  the  Tar  River,  in  a  somewhat  irregular  belt.  South- 
westward,  a  distance  of  150  miles,  to  Lynche's  Creek,  or  possibly  the  Wateree  Eiver,  in  the  North-eastern  corner 
of  South  Carolina.  Of  the  geology  of  this  belt  less  is  at  present  known  than  of  the  Virginian  belts.  The  rocks  are 
chiefly  argillaceous  sandstones ;  and  on  the  Deep  River  of  North  Carolina  they  contain  one  or  two  thin  seams  of 
bituminous  coal.  The  principal,  and  apparently  only  valuable  coal-bed,  has  nowhere,  it  is  believed,  a  thickness 
of  more  than  4  feet ;  but  it  has  been  detected  at  intervals  along  an  outcrop  of  12  miles,  and  possibly,  therefore,  it 
may  one  day  become  of  commercial  imjjortance.  It  occurs  near  the  Eastern  side  of  the  formation,  dipping,  with 
all  the  rocks  yet  examined,  gently  to  the  Westward  ;  but  its  opposite  dip  has  never  been  discovered,  and  it  is 
not  yet  ascertained  that  the  strata  themselves  have  the  trough-like  form,  though  the  occurrence  of  a  continuous 
seam  of  coal,  which  can  only  have  originated  when  at  least  its  own  part  of  the  formation  was  horizontal,  is 
evidence  of  a  more  or  less  extensive  uplifting  or  basining  movement  of  the  cmst. 

Fossils. — The  few  organic  remains  hitherto  prociued  from  this  Carolina  coal-field  are  in  part  identical  with 
forms  found  either  in  the  Virginian  Jurassic  coal  strata,  or  in  the  Vu-ginian  Middle  Secondary  red  sandstone,  of  nearly 
coincident  Jurassic  date.  They  are  chiefly  two  or  three  coal  plants,  and  the  characteristic  animal  remains,  Fosi- 
donia  and  Cypris.  With  these  are  the  mammalian  animal  and  the  Thecodont  saurians  already  mentioned,  and 
remains  of  fishes. 

Besides  tliese  Jurassic  deposits  of  the  Atlantic  slope,  there  occur  other  tracts  of  strata  of  the  oolitic  age 
farther  in  the  interior  of  the  continent.  The  largest  belt  there  known,  outcrops,  according  to  Professor  Swallow, 
the  State  Geologist  of  Missoiui,  between  the  E.  margin  of  the  cretaceoiis  strata  and  the  W.  border  of  the  upper 
carboniferous  group,  suspected  to  be  Permian,  in  the  E.  part  of  Kansas,  nmning  in  a  slender  but  expanding  zone 
from  a  little  South  of  the  Nebraska  River  to  the  Arkansas  River,  where  the  cretaceous  formation  hides  it.  But  the 
most  satisfactory  evidence  of  the  existence  of  this  system  of  strata  in  the  central  tracts  of  the  continent  is,  accord- 
ing to  Dr  Hayden,  the  intrepid  explorer  of  the  Neobrara,  in  the  Black  Hills  of  the  Rocky  Mountains.  The  forma- 
tion there  constitutes  an  elhptical  zone  from  5  to  15  miles  broad,  encircling  the  older  rocks  which  enclose  the 
principal  axis  of  elevation  of  these  hills.  Dr  Hayden  states,  that  "  although  it  is  not  yet  known  to  occupy  a  large 
geographical  area,  we  have  indications  that  it  will  be  found  to  be  extensively  developed  on  the  E.  slope  of  the 
Rocky  Mountains ;"  and  he  adds,  "  that  he  does  not  doubt  that  it  exists  towards  the  head-waters  of  the  Yellow 
Stone  around  Panther  and  Big  Horn  mountains."  None  of  the  organic  remains,  it  should  be  mentioned,  though 
the  species  are  numerous,  are  kno^\^l  to  be  jjositively  identical  with  any  of  the  Jurassic  fossils  of  Em-ope,  but  so 

*  For  fuller  details  on  this  subject,  consult  Reports  and  Essays  of  Professor  W.  B.  Rogers. 
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mauv  are  closely  allied  to  European  Jurassic  forms,  that  Mr  Meek  and  Dr  Hay  den,  wlio  have  studied  them,  do 
not  hesitate  to  pronounce  them  of  that  age. 

NEWER  MESOZOIC. 

Cretaceous  Deposits. — One  of  the'most  widely-expanded  of  all  the  groups  of  strata  in  the  United  States  is  the 
cretaceous.  Unhke  the  corresponding  series  in  Europe,  it  embraces  no  formation  of  genuine  chalk,  though  in  the 
S.W.  and  far  West  it  includes  important  strata  of  Hmestone.  Along  the  Atlantic  seaboard,  and  as  fiir  as  the 
Mississippi,  the  chief  materials  are  beds  of  sand  and  sandy  clay,  with  thin  layers  of  argillaceous  limestone  or 
calcareous  shale  ;  but  the  arenaceous  character  generally  predominates.  A  characteristic  constituent,  especially 
in  the  N.E.  portion  of  the  Atlantic  belt,  is  green  sand  or  green  earth  in  an  arenaceous  or  granular  form — this 
material  existing  in  thick  deposits  20  or  30  feet  deep  in  the  lower  part  of  the  formation  in  New  Jersey  and 
Delaware.  In  these  States  the  whole  series  comprises  five  separate  beds,  which,  in  the  ascending  order,  are : — 
I.  A  group  of  sands  and  clays,  some  of  which  are  extremely  pure  and  white,  affording  excellent  potter's 
clay. 

II.  A  mixed  alternating  group  of  beds  of  dark-blue  sandy  clay,  with  beds  of  nearly  pure  greensand,  unce- 
mented  or  arenaceous,  wliich,  being  endowed  with  highly  fertilising  qualities,  is  ordinarily  called  the 
greensand  marl. 

III.  A  thin  bed,  seldom  more  than  a  few  feet  thick,  of  a  porous  yellowish  or  straw-coloured  limestone,  fre- 

quently silicious,  and  always  containing  scattered  specks  of  greensand. 

IV.  A  very  ferruginous,  coarse,  yellowish  sand,  occasionally  containing  a  small  amount  of  a  green  mineral. 

This  deposit,  generally,  does  not  cohere,  but  near  the  Raiiton  Bay  some  of  its  layers  possess  the 
cohesion  of  a  soft  sandstone. 
V.  A  coarse  brown  ferruginous  sandstone,  sometimes  passing  into  a  conglomerate,  forming  the  fifth  and 
apparently  uppermost  member  of  the  group.    This  likewise  contains  the  greensand  in  minute  granules. 

The  total  thickness  of  the  series  here  described  cannot  be  less  than  a  thousand  feet,  for  it  occupies  in  New 
Jersey  an  outcrop  several  miles  in  width,  with  few  or  no  perceptible  undulations.  Throughout  its  S.  development, 
in  Georgia,  Alabama,  Mississippi,  and  Arkansas,  the  cretaceous  series  preserves  its  general  arenaceous  type, 
though  it  is  more  calcareous  than  in  New  Jersey,  some  of  the  calcareo-argillaceous  beds  resembling  the  European 
Lias.  Advancing  W.  through  Texas  and  New  Mexico,  certain  members  at  least  of  the  formation  have  a  more 
essential  marine  or  deep-sea  type,  consisting  in  larger  proportion  of  pure  limestones.  And  this  composition  would 
seem  to  belong  to  them  also  farther  North,  where  they  spread  through  the  high  planes  E.  of  the  Eocky  Mountains, 
and  lap  round  the  S.  spurs  of  that  great  chain.  Still  farther  to  the  N.,  or  along  the  Missouri  and  its  upper  tribu- 
taries, where  the  formation  is  very  widely  exposed,  the  series  consists  in  like  manner  of  limestones,  clays,  and 
sands;  but  it  would  appear  tliat  the  latter  are  relatively  more  prevalent  than  farther  S.  An  interesting  constituent 
of  the  formation  is  the  sulphate  of  lime  or  gypsum,  which  belongs  to  it  more  or  less  throughoiit  its  whole  wide 
distribution.  It  is  insignificant  in  amount  in  New  Jersey  and  the  Atlantic  Southern  States,  but  is  more  abundant 
in  the  States  north  of  the  Gulf  of  Mexico.  In  Texas  and  in  New  Mexico  this  valuable  ujaterial  exists  consolidated 
in  beds  of  great  thickness  and  prodigious  expansion,  one  stratum  ranging  continuously  from  the  S.  tributaries  of  the 
Arkansas  S.W.  to  the  Rio  Picos,  and  probably  to  the  Rio  Grande.  Wide  beds  of  gypsum  are  likewise  known  W. 
of  the  S.  spurs  of  the  Rocky  Mountains. 

Geographical  Distribution. — The  cretaceous  formation  would  appear  to  constitute,  throughout  the  middle 
latitudes  of  North  America,  a  far  wider  area  than  any  other  group  of  strata,  for  it  extends  continuously  from  the 
very  shore  of  the  Atlantic  in  New  Jersey,  in  lat.  41°  N.,  S.W.  to  Mexico,  W.  beyond  the  Rocky  Mountains,  and 
N.W.  to  the  sources  of  the  Missouri,  covering  as  much  as  40°  of  longitude,  and  in  the  central  tracts  of  the 
continent  more  than  30°  of  latitude.  In  this  amazing  geographical  distribution,  it  rivals  the  great  cretaceous 
deposits  of  Europe  and  Northern  Africa,  compared  with  which  it  forms  a  much  more  continuous  area.  Along  the 
seaboard  of  the  Southern  Atlantic  States  it  is  partially  concealed  by  a  sujierficial  covering  of  the  tertiary  strata  ; 
but  from  Georgia  to  New  Mexico  and  the  Upper  Missouri  it  spreads  in  one  unbroken  tract,  suggesting  its  deposi- 
tion in  a  great  continental  or  mediterranean  sea.  Commencing  at  the  coast  in  New  Jersey,  the  cretaceous  series 
ranges  thence  in  a  contracting  belt  nearly  to  the  Chesapeake  Bay,  where,  encroached  upon  by  the  tertiary,  it 
disappears.  But  we  have  indications  of  its  passing  under  the  tertiary  plain  of  Maryland  and  Virginia,  from  the 
frequent  occurrence  of  its  characteristic  constituent,  the  greensand,  in  both  the  Eocene  and  Miocene  strata  of 
those  States.  Farther  South,  the  cretaceous  formation  emerges  to  the  day  in  a  succession  of  narrow  exposm-es 
along  the  seaboard  of  North  and  South  Carolina,  where  denuding  action,  sweeping  away  the  tertiary,  has  laid  it 
naked  in  the  valleys  of  all  the  principal  rivers  from  the  Neiise  to  the  great  Pedee  inclusive.  Disappearing  again 
below  the  tertiary,  it  emerges  a  second  time  in  Georgia,  on  the  Savannah  and  Ogeechee  rivers.  The  great 
continuous  Southern  belt  commences  in  Georgia  near  the  Oconee  River,  south  of  Milledgeville,  and  quickly 
expanding  to  a  width  of  60  or  80  miles,  extends  W.  from  the  Flint  River  of  that  State  through  Alabama,  where 
it  sweeps  round  the  S.  promontory  of  the  Appalachain  chain  and  the  Palseozic  formations,  and  stretches  North- 
ward, holding  about  the  same  breadth,  through  Mississippi  and  Western  Tennesse  as  far  as  the  W.  corner  of 
Kentucky.  There  it  crosses  the  Mississippi,  and  bending  abruptly  S.  it  ranges  in  a  S.W.  course,  gradually 
expanding  in  breadth  into  the  State  of  Arkansas,  where,  deflected  by  the  Washita  Hills,  it  once  moi-e  changes  its 
direction  and  sweeps  W.  on  the  S.  side  of  that  axis  of  older  rocks  until  it  enters  the  broad  plains  of  Texas,  where 
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this  fringing  zone  now  merges  into  the  broad  expanse  of  the  central  cretaceous  basin  of  the  continent,  the  wide 
general  limits  of  which  have  been  already  indicated.  This  central  basin,  bounded  on  the  E.  by  the  Palaeozoic 
formations  of  Minnesota,  Iowa,  Missouri,  Arkansas,  and  Texas,  and  on  the  W.  by  the  Eocky  Mountains,  has  the 
shape  and  structure  of  a  prodigious  valley,  between  300  and  400  miles  broad,  stretching  from  the  Gulf  of  Mexico 
N.  into  the  British  territory.  Between  the  Arkansas  Eiver  and  the  N.  line  of  the  United  States,  its  middle  tracts 
are  very  extensively  overspread  with  tertiary  deposits  of  marine  and  fresh-water  origin,  to  be  presently  defined. 
According  to  Messrs  Meek  and  Hayden,  the  cretaceous  deposits  of  Nebraska  are  divisible  into  five  groups. 

1.  A  reddish  and  yellowish  friable  sandstone,  alternating  with  dark  and  whitish  clays.  The  organic  remains 
are — layers  of  impin-e  lignite,  fossil  wood,  and  impressions  of  dicotoledonous  leaves  ;  also  Solen,  Pectunculus,  Cyprina, 
&c.  Some  doubt  exists  as  to  the  cretaceous  age  of  tliis  member.  Between  Council  Bluffs  and  the  mouth  of  the 
Big  Sioux  Eiver.    Thickness,  100  feet. 

2.  A  dark-grey  laminated  clay  ;  its  fossils  are  scales  and  other  parts  of  fishes,  small  Ammonites,  Inoceramus 
prolematicus  (?)  Serpula,  Ostrea  congesta  (?),  &c.  &c.  Along  the  Missouri,  from  near  James's  Eiver  to  Big  Sioux 
Eiver.    Thickness,  90  feet. 

3.  A  triple  group,  consisting  of  a  light  yellowish-grey  limestone  below,  with  Inoceramus  prolematicus, 
Ostrea  congesta,  and  fish-scales;  30  feet  thick;  a  grey  calcareous  marl  in  the  middle,  weathering  yellow,  with 
fish  remains,  and  Ostrea  congesta,  100  feet  thick  ;  a  dark,  smooth,  unctuous  clay  above,  containing  much  carbo- 
naceous matter,  with  seams  of  sulphate  of  lime,  and  scattered  sulphuret  of  iron,  fish-scales,  &c.  Thickness,  20 
feet.  These  three  members  are  visible  in  the  Bluffs  of  the  Missouri  below  the  Great  Bend,  and  thence  to  the  Big 
Sioux  Eiver. 

The  2d  and  3d  groups  are  thought  to  be  absent  in  New  Jersey  and  Alabama. 

4.  A  bluish  and  dark-grey  plastic  clay,  containing  Nautilus  Dekaye,  Ammonites  placenta,  Baculites  ovatus, 
B.  compressus,  and  many  other  marine  moUusca,  and  also  remains  of  Mosasaurus,  occurs  along  the  Missomi  Eiver 
below  Fort  Pierre  ;  also  at  Sage  and  Bear  creeks,  and  at  the  Gi'eat  Bend,  and  near  Milk  and  Muscle  Shell  rivers. 
Thickness,  350  feet. 

5.  Grey  and  yellow  sandy  clays  and  sandstones,  containing  Belemnitella  hulbosa,  Nautilus  Dehaye,  Ammonites 
placenta,  A.  lohatas,  Scaphites  Conradi,  Baculites  ovatus,  and  many  other  marine  shells,  found  at  Morean  trading- 
post,  and  beneath  the  tertiary  at  Sage  and  Bear  creeks.    In  the  Fox  Hills.    Thickness,  130  feet. 

Gi'oup  No.  5,  or  the  uppermost  of  Nebraska,  is  believed  to  represent  the  Fourth  Group,  or  next  to  the  upper- 
most of  New  Jersey;  while  the  main  marl-deposit,  or  next  to  the  lowest  group  of  New  Jersey,  is  the  equivalent  of 
the  Nebraska  Bed  No.  4, 

Some  uncertainty  yet  prevails  respecting  the  N.  limit  of  the  cretaceous  rocks  in  the  central  plains 
N.  of  the  Missouri ;  nor  can  vre  trace  at  present  with  any  precision  the  W.  boundary  of  the  formation  where  it 
finally  outcrops  against  the  older  rocks  of  Mexico,  or  is  lost  to  view  under  the  newer  teiiiaries  and  volcanic 
accumulations  of  the  desert  plains  of  Utah  and  Oregon.  The  limits  assigned  show,  however,  the  existing  state 
of  information  derivable  from  a  careful  stirdy  of  authentic  documents  and  specimens. 

Organic  Remains  and  Equivalents. — The  fossils  of  the  North  American  cretaceous  deposits  pertain  to  species 
and  genera  which  represent  those  of  the  cretaceous  strata  of  Europe,  more  especially  those  which  characterise 
the  upper  or  chalk  division  of  that  series.  Though  the  number  of  species  common  to  the  American  and  European 
basins  is  small  compared  with  the  whole  number  discovered,  not  exceeding  probably  about  10  per  cent,  yet  25 
or  30  per  cent  of  the  known  shells  of  the  American  group,  now  amounting  to  more  than  one  hundred  species,  are 
representatives  of  European  up^Der  cretaceous  forms  ;  and  this  may  be  considered  as  exhibiting  as  close  an  identity 
in  the  fauna  of  that  period  as  prevails  between  those  of  the  different  oceans  of  the  present  day. 

No  mammalian  remains  have  ever  hitherto  come  to  light,  unless  a  species  referred  to  the  family  of  Seals,  and 
called  Sternorinchus,  found  in  the  lower  greensands  of  New  Jersey,  be  really  a  specimen  of  that  high  class  ;  but 
one  or  two  relics  of  wading  birds  have  been  discovered  in  the  greensand  marl-pits  of  New  Jersey.  The  remains  of 
fossil  reptiHa  are  much  more  abundant.  One  of  these  belongs  to  the  remarkable  saurian  genus  Mosasaurus,  others  to 
two  or  three  species  of  Teleosaurus,  and  as  many  to  crocodiles,  and  one  or  two  other  saiuian  genera.  More  than  one 
species  of  tortoise  or  Chelonian  reptiles  have  been  found.  Fossil  fishes  are  also  met  with,  especially  of  the  genera 
Carcharodon,  Lamna,  and  Galeus.  Of  upwards  of  sixty  molluscous  forms  from  New  Jersey,  not  more  than  five  or 
six  are  actually  identical  with  European  species  ;  among  these  are  the  Gryphea  costata,  Pecten  quinquecostatus, 
and  Belemnites  mucronatus  ;  but  all  of  them  have  a  great  vertical  range  through  the  cretaceous  rocks  of  both 
Europe  and  America,  and  are  therefore  not  expressive  of  very  exact  equivalency.  The  thin  yellow  limestone  of 
New  Jersey  has  furnished  several  corals,  sponges,  and  other  forms  which  seem  to  relate  it  very  closely  to  the 
upper  chalk  of  Europe,  or  the  limestone  beds  of  Faxoe.  More  than  ten  European  species  have  been  discovered 
in  the  cretaceous  strata  of  Texas  out  of  less  than  one  hundred  forms.  It  is  worthy  of  note  that  the  organic 
remains  from  the  W.  side  of  the  Eocky  Mountains  agree  specifically  with  those  of  the  cretaceous  of  the 
Atlantic  States,  as  suites  of  specimens  from  the  Eio  Puerco,  and  other  localities  W.  of  the  Eio  del  Norte,  satisfac- 
torily show. 

Lignites  and  fossil  plants,  though  generally  in  an  obscure  and  fragmentary  condition,  are  frequently  found  in 
the  more  littoral  or  lower  strata  of  the  cretaceous  formation  in  New  Jersey,  and  the  States  fuiiher  S. ;  and  on  the 
Missouri,  and  especially  on  the  Yellowstone,  one  of  its  great  Eocky  Mountain  tribiitaries,  large  deposits  of  lignite 
have  been  met  with,  having  the  aspect  and  extended  stratification  of  beds  of  coal.    But  it  is  now  perfectly 
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certain  that  some  of  these  pertain  to  a  lacustrine  Tertiary  formation,  which  is  known  to  occur  in  wide  tracts  upon 
the  cretaceous  strata  E.  of  the  Kocky  Mountains.  As  far  as  the  lignites  of  New  Jersey  have  been  examined, 
they  exhibit  a  vegetation  closely  agreeing  with  those  of  the  cretaceous  period  of  Eiu-ope. 

Physical  Geography  of  the  Cretaceous  Era. — An  examination  of  the  wide  cretaceous  deposits  of  the  United 
States  indicates  a  striking  difference  between  the  physical  geography  of  this  period  and  that  now  prevailing.  It 
shows  us,  as  a  glance  at  the  Geological  Map  of  the  country  will  prove,  that,  whatever  may  have  been  the  area  of 
diy  land  occupied  by  the  ancient  Palaeozoic  formations  in  the  long  interval  which  elapsed  between  the  first  eleva- 
tion of  those  strata  and  the  establishment  of  the  boundaries  of  the  cr'etaceous  seas,  the  boundary  or  true  shore  of 
North  America  at  the  beginning  of  the  Cjetaceous  deposits  was  that  long  undulating  line  which  marks  the  inner 
or  continental  margin  of  the  Atlantic  and  Gulf  of  Mexico  plain,  stretching  from  New  Jersey  along  the  foot  of  the 
Atlantic  slope  to  the  end  of  the  Appalachians,  thence  N.  to  the  mouth  of  the  Ohio,  then  S.W.  to  the  Eed  Eiver, 
and  N.  from  that  to  the  Upper  Missouri.  Inside,  or  N.  of  this  winding  shore,  lay  the  smaller  North  American 
continent  while  the  cretaceous  rocks  were  forming  ;  and  E.,  S.,  and  W.  of  it  spread  the  Atlantic  Ocean,  unbroken 
by  masses  of  land  as  far  as  to  where  the  Rocky  Mountains  and  the  chains  farther  to  the  W.  lifted  themselves  in 
the  form  of  a  great  oceanic  archipelago,  and  to  where  the  great  Pacific  chain  bounded  that  sea,  and  either  entirely 
or  partially  confined  it  from  the  ocean  to  the  W.  The  cessation  W.  of  the  cretaceous  dei^osits  seems  to  imply 
that  the  now  central  plain  of  the  continent  was  in  the  Cretaceous  era  occupied  by  a  huge  arm  of  the  ocean,  or  great 
N.  elongation  of  the  present  Gulf  of  Mexico,  which  washed  the  base  of  the  western  Cordillera,  as  far  towards 
the  North,  or  farther  than  the  upper  waters  of  the  Missouri,  just  as  the  Mexican  Gulf  now  washes  it  in  the  tropical 
latitudes.  The  gigantic  scale  of  the  actions  which  accumulated  the  cretaceous  sediments  over  this  vast  inland 
sea,  and  those  which  uplifted  it,  and  drained  and  denuded  its  sediments,  may  be  conceived  from  the  simple  facts 
that  these  deposits  possess  in  the  interior  of  the  continent  the  thickness  of  nearly  one  thousand  feet,  and  that 
vast  tracts  of  them  now  constitute  the  great  plateaus  of  the  country  lifted  from  2000  to  6000  feet  above  the  level 
of  the  sea. 

CAINOZOIC,  OR  Tertiary  Formations. 

Applying  the  term  Tertiary  or  Cainozoic  to  all  those  deposits  which  intervene  between  the  Cretaceous  series 
and  the  accumulations  which  are  now  in  progress, — deposits  entombing  the  relics  of  races  more  or  less  analogous 
to  the  forms  which  now  people  the  globe,  but  not  identical  with  them, — I  shall  proceed  to  describe  the  several 
subdivisions  of  the  series  in  conformity  with  the  classification  which  the  phenomena  require.  The  American 
Tertiary  strata  are  separated  by  nature  into  foui"  distinct  groups,  equivalent,  approximately,  to  the  Eocene, 
Miocene,  Pliocene,  and  Pleistocene  groups  of  Europe.  These  tertiary  divisions  of  the  two  continents  are  co- 
ordinated with  each  other,  tlirough  a  sufficient  number  of  identical  organic  remains,  and  through  such  a  general 
analogy  in  their  types,  or  correspondence  in  the  fades  of  the  fossils,  as  to  justify  the  application,  in  the  absence  of 
a  more  philosopliical  nomenclature  based  on  distinctions  of  time,  of  the  same  names  to  the  corresponding  divisions 
of  the  two  series. 

The  Tertiary  deposits  of  the  United  States — omitting  for  the  present  the  latest  member  of  them,  or  the 
Boulder-drift  and  the  Pleistocene  sediments  associated  with  it — occupy,  as  will  be  seen  by  a  glance  at  the  Geolo- 
gical Map,  three  wide  areas,  the  two  oceanic  slopes  or  borders  of  the  continent,  and  a  broad  belt  E.  of  the  Eocky 
Mountains. 

Atlantic  Belt. — The  Atlantic  or  E.  belt  commences  at  the  N.  in  the  islands  of  the  S.  coast  of  New  England 
and  New  York.  Entering  the  main  land  in  the  E.  coast  of  New  Jersey,  it  stretches  thence,  in  a  long  zone,  of 
an  average  vddth  of  about  100  miles,  constituting  the  Atlantic  tide-water  plain,  through  all  the  seaboard  States 
to  Florida,  nearly  the  whole  surface  of  which  it  seems  to  cover.  From  Florida  it  ranges  W.  to  the  Mississij^pi, 
the  valley  of  which  it  ascends  for  several  hundred  miles,  beyond  which  it  ranges,  again  contracting  in  breadth 
through  Louisiana  and  S.  Texas,  until  it  crosses  the  Eio  del  Norte,  and,  trenchng  S.,  skirts  the  W.  coast  of  the 
Gulf  of  Mexico.  It  is  a  very  well  defined  undulating  zone,  fringing  the  present  continent  in  the  form  of  a  very 
level  low  plain,  which  scarcely  anywhere  rises  to  100  feet  above  the  level  of  the  sea.  This  plain  has  a  sandy 
surface,  contains  the  tidal  estuaries  of  aU  the  Atlantic  rivers  between  the  Hudson  and  those  of  Mexico,  and  is 
intersected  with  inniuneiable  sluggish  creeks,  and  on  its  oceanic  margin,  with  a  network  of  low  swamps  and 
tidal  meadows,  particularly  through  the  Southern  and  Gulf  States.  Within  the  territory  of  the  United  States  alone, 
the  length  of  this  belt,  including  Florida,  exceeds  2400  miles  ;  and  if  we  add  the  portion  in  Mexico,  its  length 
from  Cape  Cod  to  Vera  Cruz  is  not  less  than  3000  miles.  All  the  four  divisions  of  the  tertiary,  excepting  the 
drift  and  its  accompaniments,  are  included  in  this  long  zone  of  marine  deposits. 

Pacific  Slope. — The  Pacific  slope  of  the  continent,  from  the  Rocky  Mountains  to  the  sea,  is  extensively 
covered  with  tertiary  deposits  of  both  marine  and  volcanic  origin,  the  whole  being  divided  into  two  great  zones 
by  the  Pacific  range  of  mountains,  or  the  Sien-a  Nevada  and  Cascade  chains.  The  broadest  and  most  irregular 
of  these  Western  tertiary  areas  covers  apparently  the  entire  breadth  of  the  W.  desert  table-land,  including  the 
Utah  salt  desert,  and  the  volcanic  desert  of  Oregon  and  Washington ;  occupying,  in  other  words,  nearly  the 
whole  space  between  the  Wahsatch  and  Eocky  Mountains  on  the  E.,  and  the  Sierra  Nevada  and  Cascade 
chains  on  the  W.,  and  stretching  longitudinally  northward  a  little  west,  from  the  CordiUeras  of  Mexico  into 
British  and  Russian  America.  In  its  S.  prolongation,  this  great  tertiary  tract  declines  from  its  average  high 
level  of  more  than  4000  feet  to  the  sea-level,  and  even  below  it,  at  the  Gulf  of  California ;  for,  N.  of  that  arm 
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of  the  sea,  a  portion  of  the  Colorado  desert  is  depressed  below  the  oceanic  plain,  in  one  place,  to  the  amount  of 
nearly  300  feet. 

The  other,  or  western  Pacific  belt  of  Tertiary,  fringes  the  continent  in  a  long  and  narrow  strij),  confined 
between  the  W,  base  of  the  great  Pacific  mountain-chain  and  the  actual  coast.  This  naiTOw  zone  is  traceable 
from  the  S.  end  of  the  peninsula  of  California,  N.W.  or  N.,  along  the  whole  border  of  the  continent,  as  far  as 
Kussian  America,  over  a  distance  quite  as  great  as  the  Eastern  or  Atlantic  zone.  These  Western  tertiary  areas 
include  the  same  four  great  divisions  of  the  Cainozoic  strata  found  on  the  Atlantic  side  of  the  continent ;  and, 
what  is  very  interesting,  they  exhibit,  in  the  organic  remains,  not  only  the  general  type  or  distinctive  fades, 
significant  of  the  jieriod  of  their  foi'mation,  but  in  each  case  the  ordinary  proportion  of  now  existing  species.  This 
occurrence  of  the  same  succession  of  tertiary  formations  on  the  two  great  ocean-fronts  of  the  continent,  is 
indicative  of  the  amazingly  wide  areas  over  which  even  the  later  crust-movements  of  the  globe  have  extended. 
For  there  can  be  but  little  doubt  that  the  disturbance  which  changed  the  Eocene  and  other  waters  on  the 
Atlantic  side,  were  contemporaneous  with  those  which  altered  their  sediments  and  their  Living  races,  on  the 
opposite  oceanic  slope. 

Central  Tertiary  Tracts. — Besides  the  two  grand  continuous  oceanic  areas  of  tertiarv'  strata,  the  continent 
contains,  in  its  more  central  districts,  a  number  of  wide  tertiaiy  deposits  of  more  than  one  epoch.  A  glance  at 
the  Map  will  inthcate  the  position  of  several  of  the  more  important  of  these  along  the  W.  side  of  the  high  plains 
E.  of  the  Rocky  Mountains.  These,  which  for  the  most  part  are  Miocene  fresh-water  basins,  seem  to  belong  to 
a  great  central  or  continental  zone  of  tertiary  deposits,  which  extends  from  the  Arkansas  Eiver  across  the  E.  and 
W.  water-shed  of  the  continent,  and  Northward,  in  a  long  and  narrow  tract,  parallel  with  the  Rocky  Mountains, 
to  the  valley  of  the  Mackenzie  River,  and  by  it  to  the  shores  of  the  Arctic  Sea.  Other  more  or  less  insulated 
deposits  of  the  tertiary  strata  occur  on  the  opposite  or  W.  side  of  the  Rocky  Mountains,  between  them  and  the 
Wahsatch  chains.  That  on  the  upper  waters  of  the  Green  Eiver,  between  the  S.  pass  and  Fort  Bridger,  would 
appear,  like  others  of  the  interior  basins,  to  be  of  Eocene  age.  There  are  numerous  and  very  extensive  patches 
of  tertiary  strata  capping  the  wide  cretaceous  deposits  in  Kansas,  New  Mexico,  and  Texas,  of  which  we  have 
at  present  some  specific  information. 

Eocene  Formations^  Atlantic  Slope. — No  strata  of  Eocene  age  have  been  discovered  in  North  America,  to 
the  E.  of  the  meridian  of  the  Cliesajieake  Bay,  either  in  the  Atlantic  coast  or  in  the  interior.  But  from  the 
Potomac  River,  S.  and  W.,  the  beds  occur  in  numerous  localities,  so  scattered  as  to  give  the  impression  that  the 
whole  of  the  Atlantic  tide-water  tertiary  plain,  as  far  at  least  as  Texas,  is  continuously  imderlaid  by  the  fomiation. 
Throughout  this  zone,  wherever  Eocene  beds  apjxiar,  they  present  an  extremely  gentle  inclination  towards  the 
Atlantic  and  Gulf  of  Mexico,  not  greater  than  belongs  to  the  shelving  bottom  of  those  waters  at  the  present  time, 
for  an  equal  distance  from  the  coast.  Their  very  slight  seaward  dip  is  not  the  result,  therefore,  of  any  uphfting 
action  in  the  earth's  crust,  but  a  consequence  of  an  original  trivial  obliquity  of  theii"  planes  of  stratification  ;  the 
whole  Atlantic  front  of  the  continent,  and  probably  the  entire  continent  itself,  having  been  lifted  out  of  the  sea  at 
the  successive  tertiary  epochs,  either  horizontally,  or  with  extremely  low  crust-undulations. 

Tracing  the  individual  outcrops  of  the  Eocene  group  upon  this  plain,  the  first  which  we  encounter,  going 
S.,  is  a  long  narrow  belt,  extending  from  the  Potomac,  near  Washington,  across  Virginia  and  North  Carolina,  to  a 
point  beyond  the  Cajje  Fear  River.  Throughout  this  line  those  strata  he,  in  almost  horizontal  position,  against 
the  older  upturned  gneissic  rocks  of  the  Atlantic  slope,  and  in  some  places  in  Virginia  against  the  nearly 
horizontal  beds  of  the  Jurassic  coal-formation.  They  are  overlaid  by  a  parallel  thin  deposit  of  the  Miocene 
tertiary  strata,  which,  on  the  more  upland  tracts  between  the  river-valleys,  themselves  also  abut  against  the 
older  formations,  hiding  the  Eocene  from  view.  The  latter  are  therefore  chiefly  exposed  in  the  ravines  and  river 
sections.  All  along  the  line  of  outcrop,  the  proper  Atlantic  slope  meets  the  level  Atlantic  tertiary  plain  hy  an 
abrupt  change  in  the  surface,  suggesting  an  ancient  shore  ;  and  the  line  of  junction  is  everywhere  marked  by  a 
sudden  change  in  the  rivers,  from  the  condition  of  running  streams  to  that  of  tidal  estuaries,  each  river  usually 
having  rapids  of  considerable  extent  before  it  falls  into  the  tertiary  plain. 

This  important  physical  feature,  which  prevails,  indeed,  from  the  Delaware,  at  Trenton,  to  North  Carolina, 
has  determined  in  a  striking  manner  tlie  sites  of  the  principal  cities  of  the  whole  seaboard  of  the  Middle  and 
Southern  States.  The  upper  limit  of  the  tide  in  the  Atlantic  rivers  being  the  limit  of  free  navigation,  it 
became  the  natural  place  for  the  transhipment  of  commodities.  This  circumstance,  and  the  presence  of  the  water- 
power  of  the  streams,  determined  the  selection  of  this  boundary  for  the  chief  commercial  towns  in  the  first 
settlement  of  the  country  ;  and  thus  it  is  that  Trenton,  Havre  de  Grace,  Philadelphia,  Baltimore,  Washington, 
Fredericksburg,  Richmond,  Petersburgh,  Halifax,  Raleigh,  Colombia,  Augusta,  Ma^on,  Columbus,  and  Montgomeiy 
in  Alabama,  are  all  seated  upon  this  great  natui-al  ancient  shore. 

Another  belt  of  the  Eocene  deposits  stretches  from  the  Cape  Fear  River  nearly  to  the  Altamaha  in  Georgia, 
holding  a  more  central  position  in  the  Atlantic  plain  between  the  sea  and  the  upper  country  than  the  previously 
described  outcrop,  and  being  more  interrupted  by  the  overlapping  of  the  newer  strata  on  the  water-sheds  between 
the  rivers.  From  the  place  occupied  by  this  line  of  exposures,  we  are  entitled  to  infer  something  like  a  very 
slight  arching  of  the  surface  at  the  time  of  the  uplifting  and  denuding  of  this  part  of  the  Atlantic  plain. 

Another  still  larger  patch  of  the  Eocene  formation  extends  from  near  Milledgeville  on  the  Oconee  Eiver  in 
Georgia,  W.  in  a  narrow  belt,  across  that  State,  and  across  Alabama,  to  the  Alabama  River,  where  it  commences 
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to  expand  rapidly,  its  S.  border  separating  it  from  the  Upper  Tertiary  formations,  ranging  nearly  W.  to  the 
Mississippi  at  Grand-Gulf,  and  its  N.  one  turning  N.,  and  running  through  the  States  of  Mississippi  and  Tennessee, 
till  it  meets  the  Mississippi  only  a  short  distance  below  New  Madrid.  In  the  immediate  valley  of  the  Mississippi, 
the  W.  margin  of  this  broad  Eocene  tract  is  formed  by  the  overlapping  of  the  newer  alluvium  of  that  mighty 
river.  In  Louisiana  and  Texas  there  are  only  two  at  present  distinctly-known  patches  of  the  Eocene  strata — one 
on  the  Nueces  River,  W.  of  Nacogdoches,  the  other  on  the  Rio  Brazos,  South  of  Franklin.  Nearly  all  the  other 
portions  of  the  extensive  Tertiary  plain  of  these  States  expose  only  the  Pliocene  and  Pleistocene  beds,  and  the 
wide  modem  alluviums  of  the  existing  rivers,  though  there  can  be  but  little  doubt  that  the  Eocene  underlies  the 
whole.    No  Eocene  strata  have  hitherto  been  discovered  in  the  interior  of  the  continent. 

We  know  too  little  as  yet  of  the  Tertiary  rocks  of  the  high  central  table-lands  between  the  Rocky  Mountains 
and  the  Sierra  Nevada  to  pronounce  upon  the  age  of  the  widespread  Tertiary  strata  which  cover  them,  but  certain 
considerations  connected  with  the  physical  geography  suggest  that  these  desert  plains  must  contain  many  fresh- 
water sediments,  and  make  it  probable  that  among  them  are  some  of  Eocene  age.  To  the  W,  of  the  great  Cali- 
fomian  chain,  by  far  the  larger  portion  of  the  Tertiary  strata  occupying  the  Pacific  Slope  appears  to  be  of  Miocene 
date ;  but  some  genuine  Eocene  rocks  are  known  to  exist  there,  though  covering  comparatively  very  limited 
tracts.  The  principal  localities  of  these  are  in  Southern  California,  N.  of  the  Los  Angelos  Mountains,  or  on  the 
verge  of  the  Colorado  Desert. 

Description  of  Eocene  Strata. — A  considerable  diversity  of  composition  prevails  in  the  North-American  Eocene 
strata.  Those  of  the  Atlantic  seaboard,  exclusively  marine  in  their  origin,  are  very  arenaceous  in  their  more 
Northern  development,  but  become  more  calcareous  as  we  trace  them  S.  and  W,  through  the  Southern  States.  In 
the  Virginian  outcrop  the  materials  are  chiefly  argillo  -  micaceous  sands  and  sandy  blue  clays,  sometimes 
slightly  calcareous  and  a  little  gyj^seotis,  and  freqttentiy  possessing  a  minute  quantity  of  the  green  granules  so 
characteristic  of  the  cretaceous  formation  scattered  through  them.  Throughout  this  belt  there  is  very  little 
limestone. 

The  middle  Atlantic  belt,  or  that  exposed  upon  the  rivers  of  North  Carolina,  South  Carolina,  and  Georgia, 
is  a  miich  more  calcareous  formation,  consisting  of  fei-ruginous  and  siUcious  sands,  lead-coloured  sandy  clays,  and 
whitish  and  bluish  friable  limestones,  with  one  or  more  beds  of  porous  chert  or  bvirrstone,  employed  in  some 
localities  for  millstones.    All  of  these  beds  are  more  or  less  fossiliferous,  and  some  of  them  excessively  so. 

The  third  and  next  great  belt,  or  that  which  extends  from  the  Ocmulgee  River  in  Georgia  to  the  Mississippi, 
may  be  described  as  a  great  triple  formation.  The  upper  member  consists  of  two  limestone  strata,  the  higher 
composed  largely  of  that  singular  foraminiferons  fossil,  the  nummulite,  or  Orbitoides,  whence  it  has  been  called 
the  nummulitic  limestone ;  and  the  lower,  of  a  white  porous  limestone  called  commonly  the  rotten  limestone, 
remarkable  for  containing  the  bones  of  a  gigantic  but  slender  whale -like  creature,  the  Zeuglodon  cetoicles. 

This  division  considerably  exceeds  100  feet  in  thickness  in  some  localities.  The  middle  member  is  a  ferra- 
ginous  silicious  sand  and  sandy  marl,  with  a  thickness  of  usually  more  than  100  feet.  It  abounds  in  the  well- 
known  Eocene  shell,  the  Cardita  planicosta,  and  contains  the  curious  Ostrea  sellieformis,  a  fossil  which  equally 
characterises  the  Eocene  beds  of  Georgia  and  Virginia.  The  lowest  member  is  a  complex  limestone  and  marly 
deposit  of  undetermined  thickness,  but  exceeding  considerably  100  feet.  In  this  bed  occur  the  above-named  and 
many  other  shells  of  characteristic  Eocene  types.  Such  is  the  general  aspect  of  the  strata  in  Alabama  and 
Mississippi. 

In  Texas  the  Eocene  deposits  are  likewise  both  arenaceous  and  calcareous,  the  sands  being  some  of  them 
very  ferruginous  and  red.    Some  of  the  limestone  beds  abound  in  fossils. 

Of  the  Eocene  deposits  W.  of  the  Rocky  Mountains  we  possess  too  little  information  at  present  to  describe 
their  composition  with  accuracy,  further  than  that  some  of  them  contain  shales  and  marls,  abounding  in  lignites 
and  in  lacustrine  shells  and  other  fresh-water  remains. 

Fossils  and  Geological  Equivalents. — Throughout  the  Atlantic  seaboard  plain — intending  this  expression  to 
include  the  Tertiary  plain  fringing  the  Gulf  of  Mexico — the  Eocene  strata  possess  certain  characteristic  fossils, 
particularly  many  species  of  shells  which  are  common  to  all  the  districts.  Some  of  these,  and  a  few  corals  and 
fishes,  are  identical  with  European  Eocene  forms,  while  many  others  are  only  genericaUy  representative  of 
European  species.  There  can  be  httle  doubt,  therefore,  that  the  Eocene  strata  of  the  two  continents  are  co-ordinate 
in  age.  Nevertheless,  it  is  not  a  little  remarkable  that  the  two  formations  are  connected  by  a  very  small 
proportion  of  strictly  identical  or  common  organisms.  Thus,  while  more  than  four  hundred  species  of  marine 
shells,  and  many  echinoderms  and  remains  of  fishes,  have  been  procured  from  the  very  fossiliferous  locality  of 
Clayborne,  Alabama,  not  more  than  eight  or  ten  of  these,  or  only  two  or  three  per  cent,  prove,  upon  comparison, 
to  belong  to  known  European  types.  Notwithstanding,  this  whole  extensive  group  of  organic  remains  has  an 
unequivocally  Eocene  facies.  Of  the  remains  of  fishes  the  most  abundant  are  the  teeth  of  several  genera  of  sharks 
— Carcharodon,  Otodis,  Lamna,  and  others — belonging  to  races  still  higher  in  the  scale.  The  Atlantic  Eocene 
beds  of  North  America  contain  several  very  interesting  reptilian  forms,  among  them  some  species  of  crocodiles, 
gavials,  and  turtles.  No  terrestrial  mammalia,  or  land  quadrupeds,  have  hitherto  been  discovered,  nor  from  the 
marine  origin  of  the  beds  are  such  likely  to  be  readily  found  ;  but  cetacean  or  oceanic  mammalia,  as  already 
intimated,  do  freqtiently  occur,  as  the  zeuglodon  of  the  rotten  limestone  of  Alabama  shows.  This  creature  was  a 
kind  of  slender  whale,  with  yoke-shaped  teeth  not  unlike  those  of  the  seal ;  its  vertebra?,  as  thick  as  those  of 
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the  largest  whale,  were  twice  as  long,  and  the  entire  animal  had  a  length,  as  shown  by  some  specimens,  of 
70  or  80  feet. 

rhysical  Geographij  of  the  Eocene  Era. — It  is  obvious,  from  the  relations  of  the  Eocene  and  other  later 
Tertiaries  to  the  cretaceous  strata  upon  which  they  repose,  that,  however  extensively  these  latter  were  laid  dry 
at  the  epoch  of  the  drainage  of  the  great  basin  in  which  tliey  were  formed,  those  parts  of  that  basin  now  overlaid 
by  the  Tertiaries  must  have  remained  under  water,  or,  if  lifted,  must  have  been  immediately  depressed  again  to 
the  limit  of  that  great  Tertiary  shore-line  already  traced  as  the  inner  boundary  of  the  Atlantic  plain.  Throughout 
this  plain  the  Eocene  strata  was  quietly  deposited  in  what  was  evidently  a  very  shallow  sea,  their  materials  being 
derived  from  the  sediments  of  the  rivers  descending  the  Atlantic  Slope,  and  the  Great  Gulf  Slope  or  S.  part  of  the 
interior  continental  table-land.  It  is  worthy  of  note  that  opposite  the  Atlantic  Slope  and  Appalachian  Mountains, 
where  so  large  a  proportion  of  the  rocks  are  of  a  composition  to  furnish  only  sandy  and  clayey  sediments,  the 
Eocene  deposits  of  the  Atlantic  plain  are  chiefly  arenaceous  and  argillaceous  in  their  composition,  and  that  farther 
West,  where  there  is  a  wide  expanse  of  limestones  occupying  the  great  hydrographic  basin  of  the  Mississippi  and 
the  plains  and  mountains  to  the  W.  of  it,  the  Eocene  deposits  fringing  the  Gulf  of  Mexico  are  greatly  more 
calcareous  and  less  arenaceous  in  character.  We  know  at  present  too  little  of  the  geology  of  the  borders  of  the 
scattered  Eocene  basins  of  the  interior  of  the  continent  to  speculate  with  profit  respecting  the  physical  geography 
of  those  regions  in  that  morning  of  the  great  Tertiaiy  day,  but  we  may  safel}^  conjecture  that  the  draining  dry  of 
the  great  inland  Tertiary  lakes  must  liave  been  accompanied  by  no  inconsiderable  elevation  of  the  regions  bordering 
the  Rocky  Mountains,  probably  by  a  general  bulging  of  the  whole  central  water-shed  of  the  continent.  So  long 
as  the  zone  of  country  E.  of  the  Rocky  Mountains  which  includes  these  basins  was  occupied  by  the  great  lakes, 
the  present  Missouri  River,  draining  as  it  does  one  uniform  broad  slope  towards  the  E.,  could  have  no  existence  ; 
but  there  is  nothing  in  the  geology  of  the  interior  of  the  continent  which  forbids  the  supposition  that  its  present 
outlines  may  have  been  established  at  the  epochs  of  the  movements  which  terminated  the  Eocene  and  the 
Miocene  formations. 

MIOCENE  STRATA  of  the  United  States. 

Qeographical  Distribution. — The  Miocene  strata  of  the  United  States  appear  to  be  far  more  extensively 
developed  than  the  Eocene,  forming  not  only  the  principal  Tertiary  deposits  of  the  two  oceanic  belts,  but  the 
chief  formation  of  the  wide  Tertiary  plains  E.  of  the  Rocky  Mountains.  Possibly  there  are  strata  of  this  epoch  in 
the  broad  desert  table-lands  between  the  Rocky  Mountains  and  the  great  Pacific  Chain,  but  none  have  been 
hitherto  made  known  on  sufficient  evidence.  In  the  progress  of  research  it  will  very  probably  appear  that  wide 
tracts  of  the  Atlantic  plain  in  the  Southern  States,  including  Texas,  are  underlaid  by  Miocene  strata  exposed  at 
intervals  in  the  river-valleys  ;  and  the  same  remark  may  be  ajaplied  to  the  Eocene.  In  like  manner,  it  is  very 
probable  that  Miocene  strata  occur  at  intervals  along  both  coasts  of  the  peninsula  of  Lower  California. 

Miocene  on  the  Atlantic. — Restricting  our  attention,  in  the  first  place,  to  the  well-ascertained  Miocene  areas 
of  the  Atlantic  border,  we  find  that  they  are  all  embraced  in  that  part  of  the  tide-water  plain  which  extends  from 
Martha's  Vineyard,  on  the  coast  of  New  England,  to  the  neighbourhood  of  the  Cape  Fear  River  in  North  Carolina, 
and  in  other  detached  patches  farther  South,  as  far  as  Georgia.  Martha's  Vineyard  consists  almost  entirely  of 
this  formation,  and  Long  Island  appears  to  be,  in  part  at  least,  underlaid  by  it.  The  principal  area,  however,  is 
on  the  mainland,  where  it  appears  first  in  two  or  three  very  shallow  j^atches  on  the  E.  and  S.  coasts  of  New 
Jersey,  and  then  in  a  wide  continuous  sheet,  covering  nearly  the  whole  breadth  of  the  Atlantic  plain  from  the 
Delaware  Bay  to  the  Neuse  River,  abutting  on  its  W.  margin  against  the  older  metamorphic  rocks,  at  the  base  of 
the  Atlantic  Slope,  and  fringed  on  its  E.  by  a  thin  cajjping  of  Pliocene  deposits,  stretching  from  the  Chesa- 
peake Bay  to  Pamlico  Sound.  Over  all  this  tract  the  Miocene  beds  are  abimdantly  exposed  in  the  banks  or  the 
rivers  and  creeks,  where  they  are  now  becoming  extensively  sought  for,  their  calcareous  sheU-marls  being 
applicable  to  the  pr;rposes  of  agriculture. 

Description. — The  Atlantic  Miocene  deposits  consist,  for  the  most  part,  of  yellow  and  brown  ferruginous 
sands,  sandy  blue  clays,  and  calcareous  clays  and  sands,  imbedding  extensive  layers  of  uncemented  fossil-shells, 
and  other  extinct  organisms.  As  a  mass,  the  formation  contains  fewer  cemented  beds  than  the  Eocene  of  the 
more  southern  States,  not  having  any  true  limestones  or  silicious  burrstones.  It  resembles  more  closely,  in 
general  composition,  the  underlying  Eocene  of  its  own  district,  even  in  possessing  a  certain  proportion  of  the  green- 
sand  characteristic  of  the  cretaceous  group  which  underlies  them  botli. 

Pacific  Belt. — Though  we  are  much  less  accurately  acquainted  at  present  with  the  distribution  of  the  Miocene 
strata  on  the  Pacific  slope  of  the  continent,  we  are  enabled,  by  assembling  the  observations  of  diflerent  explorers, 
to  represent  at  least  one  great  belt  as  covering  a  large  portion  of  the  long  narrow  seaboard  belt  which  intervenes 
between  the  W.  base  of  the  Sierra  Nevada  and  Cascade  Mountain,  and  the  coast.  It  is  believed  that  the  chief 
part  of  the  Tertiaries  of  this  diversified  zone  belong  to  the  Miocene  period,  but  it  is  very  probable  that  future 
researches  will  disclose  not  only  Eocene,  but  Pliocene  and  Pleistocene  deposits  also.  As  already  intimated, 
this  margin  of  the  continent  diff'ers  essentially  from  the  Atlantic  Tertiary  plain  in  its  physical  features,  Avhich 
are  those  of  a  broken  and  hilly  tract  sloping  rather  steeply  towards  the  sea,  traversed  transversely  by  rushing 
rivers,  undulated  by  chains  of  ridges  and  even  mountains,  and  in  some  quarters  dotted  with  volcanic  hiUs.  As 
might  be  expected  from  such  a  topography,  the  Tertiary  beds  are  seldom  in  a  horizontal  position,  but  are  uptilted 
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and  dislocated,  and  disposed  in  great  nndnlations,  the  axes  of  the  waves  conforming  in  their  directions  to  the 
general  trend  of  the  coast  and  the  older  mountains.  The  Coast  Mountains,  so  called,  and  the  Monte  Diavolo 
range,  consist  largely  of  the  Miocene  strata,  thus  undulating.  These  seem  to  repose,  in  many  places,  immediately 
upon  the  crystalline  stratified  rocks  ;  in  other  localities  they  rest  directly  njjon  ancient  Tertiary  trachytes,  and 
other  effusions  of  extinct  volcanoes. 

Description  of  the  Strata. — As  we  might  anticipate,  from  the  more  disturbed  and  volcanic  character  of  the 
immediate  Pacitic  Slope,  as  compared  with  the  Atlantic  plain,  the  Tertiary  strata  of  California  and  Oregon  are 
in  a  greatly  more  indurated  or  rocky  condition  than  those  of  the  E.  coast.  They  consist  largely  of  sandstones, 
conglomerates,  and  shales,  with  occasional  beds  of  chert,  but  very  rarely  of  limestone.  Sonie  of  the  sand- 
stones are  fossiliferous,  the  organic  remains  which  they  contain  being  sufficiently  well  preserved  to  establish  their 
Miocene  age.  Extensive  beds  of  infusorial  earth  belong  to  one  portion  of  these  upper  Tertiary  strata,  and  occur 
at  intervals  for  more  than  400  miles  along  the  coast  belt.  A  very  interesting  bed  of  infiisorial  earth,  consisting 
chiefly  of  various  forms  of  fossil  DiatomacefB  and  Desmidia3,  occurs  near  the  base  of  the  Miocene  formation,  above 
its  contact  with  the  Eocene,  in  the  State  of  Virginia.  This  has  been  traced,  at  intervals,  fi  om  the  Potomac  to  the 
Meherrin  rivers,  on  the  S.  borders  of  Virginia,  a  distance  of  more  than  150  miles.  In  some  places  its  thickness 
is  from  20  to  30  feet,  and  it  is  made  up  almost  exclusively  of  the  silicious  cases  of  these  microscopic  organisms. 

Miocene  Strata  of  the  Ceiitral  and  Western  Parts  of  the  Continent. — In  several  places  E.  of  the  Rocky  Mountains, 
broad  patches  of  Miocene  deposits  cover  the  cretaceous  strata  in  the  high  half-steiile  steppes  of  the  great  interior 
plains.  How  far  S.  these  shallow  Tertiary  basins  extend  we  are  at  present  unable  to  say  ;  but  there  are  some 
of  them  in  Kansas,  and  probably  even  in  Northern  Texas,  as  we  know  there  are  to  the  W.  of  the  Rocky  Moun- 
tains, in  New  Mexico  and  Utah ;  but  going  N.  we  encounter  a  larger  basin  on  the  upper  waters  of  the  Nebraska 
or  Platte  River,  extending  from  E.  of  Fort  Kearney  to  Fort  Laramie,  or  almost  300  miles.  This  vast  Tertiary 
basin  spreads  S.  nearly  to  the  Arkansas  River,  and  N.W.  beyond  the  South  Fork  of  the  Shayenne,  or  nearly  to  the 
foot  of  the  Black  Hills,  occupying  the  country  of  the  Niobrara  and  White  Earth  rivers.  It  contains  the  celebrated 
Mauvaises  Terres,  or  Bad  Lands,  a  desert  region  of  arid  table-lands  gashed  into  innumerable  ravines  insulating 
vertical  precipices,  and  detached,  flat-topped,  turreted  columns,  the  whole  cut  by  deep  denudation  into  an  extra- 
ordinary labyrinth,  30  or  40  miles  in  diameter.  In  the  Bad  Lands  the  deposits  are  exclusively  of  fresh-w^ater 
origin,  as  will  be  shown  presently  in  speaking  of  their  organic  remains.  The  lignites  and  leaves  of  deciduous 
and  coniferous  trees,  and  some  few  molluscous  fossils,  all  go  to  prove  that  at  least  some  of  these  strata  were 
accumulated  in  fresh-water  lakes.  Indeed,  on  both  sides  of  the  Rocky  Mountains  we  have  proofs  of  physical 
conditions  in  the  early  Tertiary  times  not  unlike  those  which  prevailed  in  the  Eocene  ages  in  France  and  other 
Tertiary  countries  of  Europe,  where  lakes  and  estuaries  entombed  the  remains  of  terrestrial  and  fresh-water 
animals  and  plants  ;  and  volcanic  disturbances  shortly  afterwards  arose  to  uplift  and  alter  or  entirely  drain 
them. 

Fossils  and  Equivalents  of  the  Miocene. — The  Miocene  tertiaries  of  the  Atlantic  plain  consist  of  about  two 
hundred  well-ascertained  species,  comprising  corals,  molluscs,  certain  crustaceans,  several  fishes,  chiefly  of  the 
shark  tribe,  a  few  reptiles,  and  one  or  two  cetaceans  or  marine  mammalia.  Of  the  shells  and  corals  not  more 
than  twenty  per  cent  can  be  recognised  as  belonging  to  races  now  alive  ;  nor  is  it  probable  that  future  researches 
will  materially  modify  this  proportion.  Very  few  of  the  extinct  species  are  common  to  the  strata  of  America 
and  Europe,  and  out  of  one  hundred  and  forty-seven  of  the  American  fossils,  including  both  extinct  and  recent 
forms,  reviewed  by  Sir  Charles  Lyell,  only  thirteen  were  found  to  be  likewise  European.  Several  of  tlie  most 
abundant  of  these  Miocene  remains  are  recent  species  now  restricted  to  the  Western  or  American  side  of  the 
Atlantic.  The  Miocene  shark's  teeth  appear,  some  of  them,  identical  with  those  of  the  middle  tertiary  strata  of 
Touraine.  The  nearest  European  equivalents  of  the  Atlantic  Miocene  beds  would  seem  to  be  the  English  crag 
and  the  faluns  of  Touraine. 

Nebraska  Basin. — The  fresh-water  Miocene  strata  of  the  Bad  Lands  of  the  Niobrara  and  White  rivers  abound 
in  admirably  well-preserved  remains  of  an  extraordinary  extinct  fauna.  Professor  Leidy  of  Pliiladelphia,  who  has 
described  them,  has  shown  that  they  contain  three  species  of  Oreodon,  a-genus  of  ruminant  quadrupeds  intermediate 
between  the  existing  ruminants  and  the  fossil  Anoplotherium  ;  two  species  of  Agriochcerus,  ungulated  ruminants 
of  the  same  intermediate  type  ;  one  species  of  Poebrotherium,  a  ruminant  alUed  to  the  living  musks  ;  three  species 
of  Leptauchenia,  and  one  of  Protomeryx,  also  ruminants.  Of  Multungula,  or  many  -  toed  quadmpeds,  he  has 
detected,  in  the  remains  brought  in  by  Dr  Hayden  and  others,  eight  species  belonging  to  the  genera  Chcero- 
POTAMUS,  Entelodon,  Titanotherium,  PALyEOCHyERUS,  Leptoch^rus,  and  Rhinoceros  ;  besides  three  species  of 
Anchitherium,  a  solidungulate  genus,  allied  to  the  living  horse  and  the  extinct  Paloeotherium  ;  also  five  genera 
of  RoDENTiA,  among  them  a  porcupine  ;  together  with  seven  species  of  Carnivora,  consisting  of  Hycenodon,  three 
species  ;  Amphicyon.,  two — Deinictis  and  Machairodus.  In  addition  to  these,  there  occur  an  interesting  Chelonian 
reptile,  the  Testudo  Nebracensis,  and  four  fresh-water  shells,  one  land-shell,  and  a  smaU  fresh-water  crustacean, 
the  Cypris  Leidyi. 

Another  extensive  basin  of  Miocene  age,  known  as  the  Great  Lignite  Basin,  extends  on  both  sides  of  the 
Missouri  River,  from  aboirt  longitude  103°  W.  to  the  valley  of  the  Yellow  Stone,  which  descends  to  the  mouth  of 
the  Big  Horn.  Outlying  patches  of  this  area  occur  W.  of  the  Black  Hills  on  the  Powder  River,  and  around  the 
sources  of  the  Big  Horn.    This  formation  consists  of  beds  of  clay,  sand,  sandstone,  and  lignite,  and  contains  many 
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fresli-water  and  land  shells,  with  a  few  marine  or  estuary  species  ;  it  also  imbeds  the  remains  of  plants,  saurians, 
turtles,  &c.    The  beds  of  lignite,  or  Tertiary  brown  coal,  are  of  unusual  thickness  and  persistency. 

Miocene  Fresh-water  Basin  of  the  Niobrara  and  White  Rivers. — According  to  Dr  Hayden,  the  intrepid 
explorer  of  this  region,  the  Miocene  formation  embraces  five  grouj^s  of  strata.  The  lowest  seen  on  Old  Woman's 
Creek,  and  along  the  valley  of  the  South  Fork  of  the  Shayenne,  on  Sage  and  Bear  creeks,  and  in  the  valley  of 
White  River,  consists  of  light-grey  fine  calcareous  sand,  plastic  and  ash-coloured  clays  underlaid  by  ferruginous 
sand  and  gravel ;  it  is  called  the  Titanotherium  bed,  from  its  containing  the  bones  of  a  colossal  quadruped  of  that 
name  allied  to  Paleotherium.     This  deposit  is  nearly  100  feet  tliick. 

The  next  group  ascending,  called  the  Turtle  and  Oreodon  Bed,  seen  also  on  Old  Woman's  Creek,  on  the 
head  of  the  South  Fork  of  the  Shayenne,  on  Sage  and  Bear  creeks  and  White  Kiver,  is  a  flesh-coloured  argillo- 
calcareous  grit,  underlaid  by  sandy  clay  ;  it  contains  a  profusion  of  mammalian  and  chelonian  fossils,  and  is 
from  80  to  100  feet  thick. 

The  third  bed  met  with  in  the  same  localities  consists  of  fine  yellow  calcai-eous  sand,  passing  downward  into 
an  alternation  of  dark-brown  clay  and  a  light-grey  calcareous  grit ;  it  imbeds  layers  of  calcareous  concretions, 
and  a  few  organic  remains. 

The  fourth  group  seen  on  the  Niobrara  and  Platte  and  White  rivers,  and  well  developed  near  Fort  Laramie, 
is  a  dull  reddish-brown  grit,  or  argillo-silicious  stratum,  w"ith  many  layers  of  silico-calcareous  concretions,  passing 
into  a  fine-grained  sandstone.    It  contains  comparatively  few  fossils,  and  is  from  350  to  400  feet  thick. 

The  fifth  and  uppermost  Miocene  group,  best  developed  around  the  upper  portion  of  the  Niobrara  River,  and 
in  the  region  of  Fort  Laramie,  is  a  coarse-grained  sandstone,  sometimes  compact,  sometimes  incoherent.  It 
contains  great  masses  of  conglomerate  and  layers  of  tabular  limestone,  slightly  fossiliferous  ;  it  imbeds  a  few 
mammalian  fossils,  but  these  are  in  a  fragmentary  condition. 

Notwithstanding  the  large  number  of  species  of  molluscous  and  other  remains  found  in  both  the  Eocene  and 
Miocene  Atlantic  tertiaries,  it  is  worthy  of  note  that  very  few  of  them,  indeed  not  more  than  two  or  three  per  cent, 
are  possessed  in  common  by  the  two  formations,  showing  a  very  remarkable  extermination  of  the  inhabitants  of 
the  ancient  tertiary  coast.  This  fact  respecting  the  almost  total  revolution  in  the  inhabitants  of  the  tertiary 
waters,  at  the  change  from  the  Eocene  to  the  Miocene  deposits,  is  itself  significant  of  a  widespread  alteration 
in  the  physical  conditions  of  the  region.  This  was  no  doubt  a  change  in  the  level  of  the  bed  of  the  sea, 
amounting,  probably,  to  its  temporary  desiccation,  re-immersion,  and  almost  certainly  to  a  modification  of  its 
currents,  its  temperature,  and  the  nature  of  its  sediments,  though  the  Eocene  beds  were  neither  permanently 
uplifted  nor  indurated,  but  left  in  their  original  horizontality  beneath  the  ocean-level,  as  a  floor  for  the  reception  of 
the  parallel  Miocene  strata.  There  can  be  but  little  doubt  that  the  changes  here  mentioned  all  came  about,  fitting 
the  waters  for  the  abode  of  new  species,  and  even  many  new  genera.  How  much  actual  time  may  have  elapsed 
between  tlie  cessation  of  the  Eocene  and  the  beginning  of  the  Miocene  sedinients,  for  the  extirpation  of  the  one 
group  of  living  races  and  the  creation  and  diffusion  of  the  succeeding,  we  have  no  data  for  estimating,  but  that 
some  interval  elapsed  is  sufficiently  obvious. 

On  the  Pacific  side  of  the  continent  the  phenomena  are  somewhat  different,  the  levels  apjjearing  to  have 
been  more  disturbed  than  on  the  Atlantic  border  at  the  close  of  the  Eocene  period.  But  we  know  at  present  too 
little  critically  of  the  tertiary  geology  of  California  and  Oregon  to  interpret  safely  what  the  revolutions  exactly 
were  at  the  several  tertiary  epochs.  The  effusion  of  volcanic  materials  early  in  the  tertiary  ages  must  have 
complicated  greatly  the  tertiary  physical  geograj^hy  of  that  side  of  the  continent. 

Pliocene  and  Pleistocene  Strata. — Applying  the  terms  Pliocene  and  Pleistocene  to  those  tertiary  deposits 
which  were  produced  in  the  periods  between  the  times  of  the  Miocene  formations  and  the  recent  or  existing  order 
of  things,  this  designation  will  include  several  late  tertiary  tracts,  not  only  on  the  Atlantic  plain  and  on  the  Pacific 
slope,  but  in  the  interior  of  the  continent  in  Nebraska.  Very  probably  these  deposits  are  not  aU  of  one  age,  but 
it  is  impossible,  in  the  present  stage  of  research,  to  place  them  under  an  exact  chronology.  It  seems  most 
probable  that  many  of  the  so-called  Post-pliocene  fossiliferous  beds  of  the  Atlantic  seaboard  are  contemporaneous 
with  the  superficial  strata  farther  North  which  belong  to  the  Pleistocene  series.  It  will  suffice  for  our  present 
purpose  to  describe  them  as  we  know  them. 

Pliocene  and  Pleistocene  Beds  of  Virginia  and  North  Carolina. — The  formation  of  Pleistocene  age  with  which 
we  are  best  acquainted  is  a  thin  deposit  of  shelly  sands  skirting  the  coasts  of  the  Chesapeake  Bay  from  the 
St  Mary's  River  southward,  and  covering  a  broader  belt  of  country  on  the  Atlantic  coast  of  Virginia  and  North 
Carolina  as  far  as  Pamlico  Sound.  These  beds  are  characterised  by  shells,  nearly  all  the  species  of  which  are 
identical  with  forms  now  occurring  somewhere  on  the  Atlantic  coast,  one  or  two  of  the  most  common  species 
living  now  only  in  the  warmer  waters  of  the  Gulf  of  Mexico.  Mixed  with  these  shells  are  the  bones  and  teeth  of 
several  genera  of  extinct  land  quadrupeds  :  the  fossil  elephant  or  mammoth,  the  mastodon  giganteum,  and  a 
species  of  horse  somewhat  larger  than  that  now  living.  Still  farther  S.  along  the  seaboard  occur  other  juodern 
tertiary  deposits  diff"ering  somewhat  from  these  in  composition,  but  apparently  equivalent  to  them  in  age.  They 
are  characterised  by  the  presence  of  fossil  shells,  and  other  marine  and  estuai-y  remains,  belonging  to  species 
now  inhabiting  the  adjacent  coast,  associated  with  the  relics  of  many  interesting  extinct  quadrupeds. 

Another  Pleistocene  deposit  skirts  the  shores  of  Mobile  Bay  and  the  adjacent  coast  of  the  Gulf  of  Mexico. 
This  contains  some  beds  abounding  in  fossil  shells' identical  with  species  now  living  in  the  Gulf    It  is  very 
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probable,  indeed  almost  certain,  that  there  exist  similar  uplifted  recent  tertiary  beds  in  many  other  places,  botli 
along  the  Atlantic  coast  and  that  of  the  Gulf  of  Mexico,  but  they  have  been  too  imperfectly  examined  to  admit  of 
being  here  described.  Strata  of  Pliocene  age,  of  lacustrine  or  fresh-water  origin,  exist  in  the  interior  of  the 
continent.  Kecent  researches  render  it  probable  that  some  of  the  more  superficial  tertiary  strata  of  the  W. 
coast  of  the  continent,  especially  in  California,  appertain  to  this  period ;  indeed,  at  several  localities  on  the  coast 
of  that  State,  raised  beds  occur,  abounding  in  marine  shells  nearly  identical  in  species  with  those  now  existing  in 
the  Pacific,  but  associated  with  mammalian  remains  that  imply  an  elevation  at  either  the  Pliocene  or  Pleistocene 
periods. 

Pliocene  Strata  of  Nebraska. — An  upjser  tertiary  formation,  referred  by  Meek  and  Hayden  to  the  Pliocene  era, 
is  somewhat  extensively  developed  on  the  Niobrara  River,  spreading  Westward  from  the  mouth  of  Turtle  River.  It 
occurs  in  the  valley  of  the  Platte,  also  in  tlie  Bijou  and  Medicine  hills,  covers  a  large  area  on  Loup  Fork,  and  is 
thinly  spread  in  the  valley  of  White  River.  The  deposit  consists  of  brown  incoherent  sand,  imbedding  remains 
of  mastodon,  elephant,  &c.  ;  loose  sand  and  gravel ;  a  yellowish-white  grit  ;  a  greenish-grey  sand,  containing  a 
greater  part  of  the  organic  remains  of  the  formation  ;  a  dark-yellow  sandy  marl ;  and  a  yellowish-grey  calcareous 
grit,  with  many  layers  of  concretionary  limestone,  containing  fresh-water  and  land  shells  closely  allied  and 
perhaps  identical  with  living  species.  The  thickness  of  the  whole  deposit  is  estimated  to  b  between  300  and 
400  feet. 

The  organic  remains  hitherto  procured  from  the  Nebraska  Pliocene  strata  belong  to  the  new  Ruminant  genera, 
Merycodus,  Megalomeryx,  Procamelus,  three  species;  Merychyus,  three  species;  and  a  deer,  Cervus  Warreni ;  to 
the  many-toed  genera,  a  species  of  rhinoceros,  a  mastodon,  and  an  elephant ;  to  the  solid  -footed  races,  six  species, 
two  of  them  to  Hipparion  or  Hippotherium  ;  two  to  3Ierrichippus,  another  horse-like  genus  ;  and  two  to  the  genus 
Equus,  or  true  horse.  Besides  these.  Professor  Leidy  has  discovered  among  the  remains  a  porcupine  and  a  beaver, 
together  with  seven  carnivorous  species — namely,  Laptarchus  primus.,  Felis  intrepidus,  jElurodon  ferox,  Canis 
Scevus,  Canis  temararius,  Canis  vafer,  and  Canis  Haydeni,  besides  a  chelonian  or  turtle,  Testudo  niobroensis. 

Californian  Pleistocene  Beds. — California  contains  several  interesting  pleistocene  deposits,  and  it  is  probable  that 
there  are  others  farther  N.  on  the  Pacific  Slope  in  Oregon.  The  recent  researches  of  Mr  Blake  and  Dr  Trask  have 
shown  that  several  of  the  lower  tracts  on  the  W.  side  of  the  Sierra  Nevada  are  of  this  age.  The  longest  Pleistocene 
belt  fills  nearly  the  entire  length  of  the  valley  of  Middle  California,  or  that  of  the  Sacramento  and  San  Joachim 
rivers,  including  the  basins  of  the  Tulare  lakes.  This  plain  or  trough  of  pleistocene  is  the  main  auriferous  region 
or  gold  basin  of  California  ;  but  the  tertiary  alluvium  is  not  confined  to  the  bed  of  the  valley,  it  penetrates  the 
lateral  ravines  at  the  base,  and  even  ascends  the  longer  ravines  high  upon  the  flanks,  of  the  Sierra  Nevada.  To 
the  west  of  this  main  belt  occur  two  or  three  other  parallel  strips  of  upraised  post-pliocene.  One  of  these  fiUs  a 
part  of  the  Nassa  valley,  another  lesser  one  occurs  in  the  Santa  Clara  valley,  and  a  third  nms  from  the  Bay  of 
Monterey  up  the  valley  of  the  San  Antonio.  Perhaps  the  most  interesting  of  all  the  jiost-pliocene  tracts  belonging 
to  the  Pacific  Slope  is  that  which  extends  N.  from  the  head  of  the  Gulf  of  California  into  the  Colorado  Desert. 
This  is  a  low  plain  or  vaUey,  having  a  well-defined  sea-margin  or  ancient  coast-line  for  its  boundary,  and  consists 
of  a  fine  silt  or  clay,  the  deposit  evidently  of  the  waters  brought  into  the  Gulf  of  California  by  the  Colorado 
River.  The  remarkable  feature  connected  with  this  valley-deposit  is,  that  a  large  portion  of  its  surface  is  at  and 
below  the  existing  level  of  the  ocean — a  region,  in  other  words,  of  continental  depression.  Barometric  measure- 
ments show  that  some  parts  of  the  ancient  gulf-margin  referred  to  now  stand  80  or  90  feet  beneath  the  mean  level 
of  the  sea;  Mr  Blake  and  other  observers  testify  that  at  their  barometric  stations  the  plain  visibly  sinks  from  both 
sides  towards  the  centre  at  an  inclination  quite  visible  to  the  eye  :  so  that  they  infer  that  the  middle  parts  may 
be  even  between  200  and  300  feet  lower  than  the  surface  of  the  sea.  A  very  slight  swell  of  the  plain  a  little  North 
of  the  mouth  of  the  Colorado  seems  to  have  insulated  this  depressed  area  from  the  waters  of  the  gulf ;  indeed,  it  is 
very  probable  that  the  same  movement  of  the  earth's  crust,  doubtless  some  earthquake  convulsion  which  lifted 
the  plain  in  tliis  neighbourhood,  depressed  the  district  farther  N.  The  whole  phenomenon  is  thus  easily  explained 
on  the  supposition  that  the  Gulf  of  California  extended  in  the  Pleistocene  period  to  the  head  of  this  low  plain, 
and  that  an  earthquake  movement  of  the  whole  region  lifted  slightly  the  surface  from  its  previous  level  with  a 
low  swell  or  undulation  transverse  to  the  ancient  gulf  near  the  mouth  of  the  Rio  Colorado.  The  excessively  dry 
character  of  the  prevailing  winds  of  this  region  will  account  for  the  absence  of  a  lake  in  this  depressed  part  of  the 
Colorado  Desert.  The  presence  of  much  sea-salt  in  the  soil,  amoimting  in  some  localities  to  a  white  efflorescence 
upon  the  surface,  like  a  permanent  hoar-frost,  shows  not  only  how  the  ancient  gulf-waters  may  have  been  eva])0- 
rated  by  the  parched  atmosphere,  but  how  those  of  any  lake  which  may  at  first  have  existed  there  fed  by  the 
back-water  of  the  Colorado  in  its  times  of  freshets,  may  also  have  been  drunk  up.  The  Tulare  lakes  of  the 
Joacliim  Valley  offer  at  this  time  a  condition  of  things  somewhat  parallel  to  that  which  is  here  assumed,  for 
throughout  the  long  dry  season  of  California  these  are  little  else  than  broad  level  meadows,  from  whence  the 
waters  have  been  exhaled  by  the  drying  action  of  the  climate,  and  only  in  the  wet  season  are  their  wide  marginal 
tracts  covered  with  a  thin  sheet  of  transient  rain-water. 

The  Pleistocene  strata  of  Nebraska  consist  of  yellow  silicious  marl,  miderlaid  by  clay.s  and  fine  grits,  in  all 
from  300  to  500  feet  thick.  The  organic  remains  are  some  extinct  quadrupeds,  mingled  with  species  now  exist- 
ing ;  also  a  few  species  of  MoUusca,  of  chiefly  living  types. 

Fossils  of  the  Atlantic  Pleistocene  Strata. — The  Pleistocene  beds  on  the  Potomac  River  in  St  Mary's  County, 
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Maryland,  contain,  associated  with  several  species  now  living  in  the  Chesapeake  Bay,  an  estuaiy  shell,  the 
Gnathodon  cimeatits,  now  restricted  to  the  warmer  waters  of  the  Gulf  of  Mexico  ;  and  the  similar  recent  tertiary 
deposits  on  tlie  Neiise  River,  Carolina,  show  a  mingling  of  the  gnathodon  with  shells  of  the  Sontliern  Atlantic  coast. 
The  more  N.  locality  has  produced  no  bones  or  teeth  of  extinct  land  animals,  but  from  the  Carolina  formation  have 
been  procured  those  of  the  elephant,  mastodon,  and  horse,  as  already  mentioned.  The  modem  tertiary  beds 
between  the  Altamaha  and  Turtle  rivers,  Georgia,  contain,  along  with  shells  of  species  now  inhabiting  the  neigh- 
bouring waters,  remains  of  the  mastodon,  elephant,  horse,  hippopotamus,  bison,  megatherium,  and  mylodon,  these 
pachydermal  and  edentate  genera  pointing  to  an  identity  of  period  between  the  Georgian  deposits  and  the  super- 
ficial tertiaries  of  Patagonia,  where  Darwin  and  other  naturahsts  found  a  similar  association.  Some  of  these 
species,  the  Mastodon  giganteum  and  the  Elephas  priniogenius,  occur,  as  will  be  stated  presently,  in  the  upper 
deposits  of  the  North  American  Pleistocene  drift,  showing  most  probably  that  all  of  these  later  tertiary  formations 
were  produced  and  uplifted  about  the  epoch  of  the  superficial  boulder-deposit. 

THE  NORTHERN  PLEISTOCENE,  ob  Great  Boclder-Drift. 

Throughout  the  greater  part  of  the  continent  of  North  America,  from  about  the  latitude  of  40°  Northward,  the 
rocky  floor  of  the  country  is  covered  to  a  greater  or  less  depth  with  that  w^ell-characteiised  formation  called  the 
Northern  Boulder- Drift.  In  many  districts  this  is  a  complex  group  of  deposits,  consisting  of  three  or  more  forma- 
tions, denoting  at  least  three  distinct  epochs,  and  at  least  three  different  conditions  or  changes  in  the  physical 
geography.  In  the  N.E.  part  of  the  United  States,  extending  to  the  adjacent  British  Provinces,  this  triple  division 
of  the  Northern  Pleistocene  Series  is  well  characterised,  and  admits  of  the  following  brief  description  ; — 

The  first  or  lowest  deposit  is  a  prevailing,  indeed  almost  universal,  stratum  of  boulder-drift,  reposing 
immediately  upon  the  rounded,  scratched,  and  polished  surface  of  the  general  rocky  floor  of  the  continent.  This 
loose  heterogeneous  material  is  composed  of  gravel,  sand,  and  clay,  and  boulders,  more  or  less  rounded,  of  all 
sizes,  the  whole  rather  promiscuously  mingled,  but  generally  stratified,  the  stratification  being  m  oblique  and 
often  abutting  planes  of  deposition,  denoting  turbulent  and  conflicting  cm-rents.  Tlris  is  the  general  character  of 
the  drift  in  all  upland  positions,  and  even  in  the  river-valleys  throughout  New  England  and  the  Northern  States. 
In  some  more  restricted  localities,  immediately  contiguous  to  the  ocean,  as  around  the  harbours  of  New  York  and 
Boston,  the  drift  has  more  the  character  of  the  European  Boulder-clay,  consisting  of  a  mixture  of  sand  and  clay, 
destitute  of  lamination  or  stratification  on  the  small  scale,  and  imbedding  boulders  of  various  sizes  irregularly 
scattered  through  it.  The  boulders  and  pebbles  in  both  the  stratified  and  uiistratified  drift  are  themselves  smoothed 
and  striated,  and  blunted  and  rounded  on  their  edges,  showing  signs  of  having  undergone  a  great  amount  of 
attrition.  The  materials  composing  this  remarkable  formation  belong  invariably  to  rocks  Ijdng  N.  or  N.W.  of 
their  present  positions,  and  in  many  districts  are  traceable  to  remote  localities, — across  broad  plains,  deep 
valleys,  great  sheets  of  water,  and  over  chains  of  hills,  and  even  across  lofty  mountains.  The  boulders  have 
evidently  not  radiated  from  any  centres  of  dispersion  ;  they  exlubit  a  progressive  diminution  of  size  as  we  trace 
the  same  kinds  S.  from  their  parent  rocks,  though  solitary  blocks  of  large  dimensions  occur  within  and  upon  the 
general  mass  of  sand  and  gravel.  But  even  these  boulders  show  the  same  rapid  diminution  in  size  as  we  follow 
them  S.  In  wide  and  level  districts  the  larger  boulders  are  frequently  seen  uniforudy  but  sparsely  scattered  over 
broad  tracts  of  country.  In  other  quarters,  where  the  surface  is  more  diversified,  they  sometimes  form  long 
narrow  belts,  the  borders  of  which  are  sometimes  remarkably  parallel.  The  direction  which  the  drift  matter  has 
taken  conforms  generally  to  that  of  the  scratches  upon  the  rocks  beneath ;  and  in  tlie  hilly  districts  of  New 
England,  New  York,  New  Jersey,  and  Pennsylvania,  it  is  for  the  most  part  obhquely  across  the  crests  of  the 
mountains.  Lower  on  the  slopes,  and  in  the  beds  of  the  longitudinal  valleys,  it  conforms  partially  to  the  courses 
of  the  great  hollows  in  their  surface,  as  if  at  these  lower  levels  it  had  been  deflected  into  the  previously  established 
lines  of  easiest  drainage.  One  essential  phenomenon  is  the  occurrence  of  rocks,  some  of  them  of  considerable  size, 
high  on  the  slopes  and  summits  of  mountain-ridges  and  table-lands,  a  thousand  or  fifteen  hundred  feet  above  the 
level  of  their  parent  rocks. 

Southern  Limit  of  the  Drift. — The  S.  visible  limit  of  the  continuous  drift  stratrun,  in  the  British  Provinces  and 
in  New  England,  is  the  sea-coast.  From  the  estuary  of  the  Hudson  it  trends  inUmd,  following  an  irregular 
undulating  line  W.,  across  New  Jersey  and  Northern  Pennsylvania  to  Ohio,  and  the  States  farther  West.  On  the 
mountains  and  table-lands  its  position  is  invariably  farther  N.  than  on  the  plains  and  in  the  valleys  between  them. 
And  it  projects  long  tails  far  to  the  S.  of  its  general  average  boundary,  through  the  great  N.  and  S.  valleys  which 
open  S.  towards  the  Atlantic  and  Gulf  slopes,  through  the  Appalachians,  and  across  the  w^ater-shed  S.  of  the 
great  lakes, — the  gravel  and  boulder  matter  even  extending  himdreds  of  miles  down  the  valleys  of  the  Delaware, 
the  Susquehanna,  the  Alleghany,  and  the  Mississippi  rivers.  It  seems  to  have  been  arrested  in  its  progress  S. 
by  the  high  table-land  of  Northern  Pennsylvania,  only  the  lowest  depressions  in  this  plateau  admitting  it  farther 
Southward  with  the  slope  of  the  continent. 

Striated  Rocky  Floor  of  the  Drift. — The  rocky  surface  upon  which  the  drift  reposes  is  everywhere  fm-rowed 
and  smoothed,  except  upon  the  steep  Southern  or  lee  sides  of  the  hills,  where  the  outcropping  strata  retain  an 
unworn  or  craggy  aspect.  The  smoothed  and  striated  region  is  nearly  coextensive  with  the  area  covered  by  the 
drift,  only  the  furrows  grow  faint,  and  even  cease  altogether,  in  many  elevated  districts,  at  a  point  some  miles 
to  the  N.  of  the  ultimate  margin  of  the  attenuated  bed  of  drift  or  of  scattered  boulders.    This  w'oru  condition 
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of  the  surface  occurs  at  all  altitudes,  from  the  sea-level  to  the  siimmits  of  the  loftiest  mountains  in  New  England, 
New  York,  and  Northern  Pennsylvania.  Only  the  culminating  peak  of  Mount  Washington,  the  higliest  point 
S.  of  the  valley  of  tlie  St  Lawrence  and  great  lakes,  and  6228  feet  above  the  ocean,  appears  to  liave  escaped 
the  abrading  and  polisliing  action,  all  the  other  hills  of  the  same  group,  some  of  theui  moi  e  than  5000  feet  high, 
having  their  very  summits  visibly  worn.  The  scratches  upon  the  rocky  surface  do  not  radiate  from  the  high 
moimtain-centres  anymore  than  do  the  materials  which  cover  them ;  but  they  maintain,  throughout  New  England, 
Pennsylvania,  and  the  great  plain  West  of  the  Appalachians,  a  very  general  average  direction  towards  the  S.S.E., 
or  in  the  direction  of  the  maximum  slope  of  the  continent.  This  course  is  most  constant  upon  the  open  plains, 
high  table-lands,  and  mountain-crests ;  but  within  the  valleys,  and  at  the  feet  of  the  ridges,  a  deflection  is  observ- 
able ;  and  the  new  direction  imparted  is  constantly  such  as  a  moving  fluid  or  plastic  mass  would  take  in  sweeping 
round  or  past  the  obstructing  barriers.  The  stria3  present  a  general  parallelism  in  direction  ;  but  wherever  the 
rocky  surface  is  uneven,  they  exhibit  a  considerable  deviation  from  one  course,  later  grooves  crossing  earlier 
ones  at  various  acute  angles,  some  of  which  amount  to  30°.  The  strife  are,  moreover,  not  rigorously  straight, 
but  curve  slightly  to  conform  to  inequalities  in  the  shape  and  hardness  of  the  resisting  surfaces. 

Pleistocene  Fossiliferous  Clays  and  Sands.  —  From  the  coast  of  Maine  westward  to  the  basin  of  Lake 
Ontario,  and  from  the  estuary  of  the  Hudson  northward  to  that  of  the  St  Lawrence,  a  deposit  of  blue  clay  and 
sand  occupies  the  valleys  of  many  of  the  rivers  and  lakes  at  all  levels  above  the  tide,  and  to  a  height  of  more 
than  400  feet  in  the  valley  of  Lake  Champlain,  where  its  elevation  is  at  a  maximum.  In  the  great  valley  occu- 
pied by  Lake  Champlain  and  the  tidal  portion  of  the  Hudson,  this  stratum  consists  chiefly  of  a  tenacious  blue 
clay,  with  some  beds  of  argillaceous  sand  towards  its  lower  limit ;  and  tlie  same  clayey  character  belongs  to  the 
formation  which  fills  at  a  lower  level  the  estuaries  of  the  Connecticut,  the  Kennebeck,  the  Penobscot,  and  the 
St  Jolm  rivers.  In  the  valley  and  estuary  of  the  St  Lawrence  the  prevailing  materials  are  sands  and  very  sandy 
clays.  Both  the  blue  clay  of  Lake  Champlain  and  the  Atlantic  rivers,  and  the  more  sandy  beds  of  the  St  Law- 
rence, contain  marine  shells  ;  in  some  localities,  in  great  abundance,  about  twenty-three  species  having  been 
Identified.  All  of  these,  without  exception,  are  forms  now  living  either  on  the  coast  of  Massachusetts  or  in  the 
Gulf  of  St  Lawrence,  and  are  not  therefore  peculiarly  sub- Arctic  forms.  The  two  most  generally  dift'used  species 
are  the  Saxicava  rugosa  and  the  Tellina  Greenlandica,  both  of  which  are  now  abundant  in  Massachusetts  Bay. 
It  would  appear  that  this  stratum,  ha^•ing  its  maximum  present  elevation  above  the  sea-level  in  the  district  of 
Lake  Champlain,  declines  gradually  in  height  both  Southward  and  North-eastward.  Its  mean  level  in  the  plain 
of  the  St  Lawrence,  at  Montreal,  is  only  about  200  feet,  tliough  some  of  its  materials,  displaced  and  re-deposited, 
probably  by  the  inundation  which  accompanied  the  uplifting  and  draining  of  the  valley  in  which  it  was  accumulated, 
are  found  lodged  in  small  patches  at  considerably  higher  levels  in  the  recesses  of  the  bordering  hills,  particularly 
on  the  Montreal  Mountain. 

This  marine  Pleistocene  formation  has  been  approj^riately  named  by  Professor  E.  Desor  the  Lawrentian  Clay. 

Fresh-water  Pleistocene  of  the  Western  States. — An  extensive  deposit  occurs  South  of  Lake  Erie  and  I^ake 
Michigan,  and  in  the  peninsula  between  them,  which  is  probably  nearly  contemjjoraneous  with  the  marine  Law- 
rentian ;  for,  like  it,  it  rests  generally  upon  the  continental  or  general  boulder-drift.  It  contains  a  few  lacustrine 
shells,  and  fragments  of  leaves  and  wood,  and  seems  to  have  been  accumulated,  like  the  Lawrentian  formation,  in 
the  period  of  quiescence  which  intervened  between  the  close  of  the  great  first  drift-deposit  and  that  later  or  last 
disturbance  of  the  levels  of  the  land  which  uplifted  the  Lawrentian  formation,  and  atone  and  the  same  time  drained 
the  tidal  valleys  and  straits  in  which  it  was  collected  in  wide  spaces  around  the  present  lakes.  These  fresh-water 
beds  seem,  in  pait  at  least,  to  be  the  products  of  swamps  and  lake  margins.  Covered  as  they  are  very  generally  by 
superficial  sands,  and  even  a  sparse  strewing  of  boulder  gravel,  they  appear  to  belong  to  the  middle  Pleistocene 
era,  or  the  period  of  repose  which  separated  the  convulsed  epochs  of  the  earlier  general  and  the  later  local 
drifts. 

Later  Local  Drift. — In  the  valleys  of  the  Hudson  and  Lake  Champlain,  and  elsewhere,  the  Pleistocene 
marine  clay  is  covered  to  a  shallow  depth  with  a  stratum  of  drift  composed  of  coarse  sand,  gravel,  and  boulders, 
resting  on  its  denuded  and  trenched  stirface.  No  one  general  direction  or  Northern  source  can  be  assigned  to 
this  upper  deposit,  its  gravels  and  erratic  blocks  appearing  rather  to  be  derived  from  the  more  ancient  general 
drift  of  the  adjoining  hills,  re-dispersed  by  some  aqueous  movement  upon  the  surface  of  the  fossiliferous  clays  and 
sands.  A  similar  superficial  drift-like  material,  including  in  some  districts  erratic  boulders  of  large  dimensions, 
will  be  found  to  overlie  very  generally  both  the  marine  and  the  Western  lacustrine  middle  Pleistocene  deposits. 
A  ready  explanation  of  the  origin  of  this  newest  Pleistocene  deposit  suggests  itself  when  we  consider  the  nature 
and  energy  of  the  crust-movements  which  lifted  the  Lawrentian  clays  and  sands  to  a  height,  in  one  locality  at 
least,  of  not  less  than  500  feet,  and  which  drained  wide  tracts  of  the  upper  Lawrentian  lakes.  The  mere  agitation 
or  pulsating  movement  of  the  crust  wotild  sufiice,  if  unaccompanied  by  any  permanent  uplift  of  the  land,  we 
would  think,  by  lashing  the  waters  of  the  tidal  estuaries  in  one  quarter,  and  of  the  lakes  in  the  other,  to  strew 
a  portion  of  the  older  drift  bordering  all  those  basins  in  wide  dispersion  upon  the  top  of  the  more  tranquil 
sediments ;  bttt  if  such  a  pulsation  of  the  crust  were  accompanied  with  successive  paroxysmal  liftings  of  wide 
tracts  of  the  land,  then  the  inundation  would  take  the  form  of  stupendous  currents,  the  strewing  power  of  which 
would  be  adequate  to  any  amount  of  superficial  transportation,  even  to  the  remote  transportation  of  the  largest 
erratics. 
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SOURCES  OF  THE  SEDIMENTARY  MATTER— STATE  OF  THE  WATERS— CHANGES  OF 
LEVEL  OF  THE  SEA-BOTTOM— HORIZONS  OF  CONTINUITY  AND  DISCONTINUITY. 

PEELIMINAEY  CONSIDERATIONS. 

Before  entering  upon  a  discussion  of  the  physical  conditions  which  witnessed  the  deposition 
of  the  Paleozoic  strata  of  Pennsylvania,  and  the  Appalachian  Basin  generally,  it  will  be  expe- 
dient to  recall  attention  to  two  or  three  deductions  of  modern  geology,  which  may  be  accepted 
as  criteria  in  our  reasonings.  As  we  are  endeavouring,  from  a  wide  assemblage  of  facts  relating 
to  the  composition,  dimensions,  and  organic  and  other  contents  of  the  strata,  and  from  their 
mutations,  to  deduce  the  conditions  under  which  they  were  deposited,  or  gain  some  insight  into 
their  physical  geography,  the  depth  of  the  waters,  their  shore  limits,  the  directions  and  relative 
force  of  their  currents,  and  the  elevations  and  shiftings  of  their  successive  bottoms,  we  must 
consider,  in  the  outset,  how  we  establish  the  preliminary  inferences  upon  which  we  build  our 
final  conclusions. 

First,  as  regards  the  evidence  of  the  presence  or  absence  of  depositing  waters,  or  of  sedi- 
mentary action.  Though  a  few  speculative  geologists,  in  their  desire,  independently  of  obser- 
vation, to  resort  to  alternate  changes  in  the  levels  of  the  earth's  crust  to  meet  the  emergencies 
of  theory,  are  in  the  habit  of  contemplating  submersions  of  the  land  beneath  the  sea,  where  there 
are  yet  no  vestiges,  organic  or  inorganic,  of  its  presence  at  the  epoch,  we  are  warranted,  I  think, 
in  stating,  as  an  axiom  of  the  science,  that  every  current  or  over-resting  sheet  of  water  has  left 
some  permanent  monument  or  trace  of  its  presence  or  passage,  and  that  wherever,  between  two 
strata  or  ancient  surfaces,  known  to  have  been  formed  at  an  interval  of  time,  nothing  whatever 
of  a  sedimentary  sort  is  interposed,  we  are  to  conclude  that  the  vacuous  space  was  dry  land. 
It  is  not  conceivable  that  the  waters  of  the  globe,  known  to  be  susceptible  of  holding  their  finer 
sediments  in  partial  suspension  for  weeks,  and  months  even,  and  of  wafting  them  for  hundreds, 
nay,  even  thousands  of  miles,  and  to  have  teemed,  too,  under  every  climate  and  condition,  Avith 
millions  of  microscopic  animal  and  vegetable  organisms,  could  ever  have  rested  long,  or  even  have 
flowed  transiently  over  any  ancient  surface  now  exposed  to  our  view,  without  having  left  behind 
them  some  sediments  as  indelible  records  of  theii-  existence.  It  has  been  alleged  that  the  deposits 
of  one  epoch  may  have  been  entirely  removed  by  the  erosive  currents  of  a  subsequent ;  but  such 
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complete  obliteration  is  inconceivable,  except  for  comparatively  very  narrow  areas,  for  the  same 
currents  that  could  plough  up  and  transport  all  the  materials  of  the  floor  over  which  they 
moved,  must  have  dropped  those  materials  elsewhere  on  the  confines  of  the  eroded  district,  and 
under  conditions,  and  bearing  contents,  capable  of  betraying  in  all  cases  the  source  from  whence 
they  were  derived.  It  should  be  borne  in  mind  that,  as  earthy  sedimentary  matter  is  to  a  large 
extent  insoluble  and  indestructible  by  water,  and  all  moving  water  is  formative  as  well  as 
destructive,  or  must  deposit  what  it  has  lifted,  it  is  always  in  the  geologist's  power  to  investigate 
the  supposed  removal  of  a  stratum  by  an  inductive  study  of  the  phsenomena  open  to  his  obser- 
vation. And  until  he  can  prove  that  there  has  been  at  least  one  formation  completely  removed 
from  ofi"  a  wide  area  of  the  earth's  crust,  over  which  it  was  deposited,  he  is  not  entitled,  upon 
sound  rules  of  scientific  reasoning,  to  infer  that  it  was  ever  present  there.  The  recent  discovery 
of  minute  organisms  covering  nearly  the  whole  bed  of  the  North  Atlantic,  and  wide  tracts  in 
other  seas,  at  profound  depths,  where  previously  no  life  nor  vestiges  of  life  were  supposed  to 
exist,  but  in  their  place  only  darkness,  stillness,  perfect  rest,  and  an  entire  absence  of  the  vital 
force,  settles  once  for  aU  this  important  fundamental  question.  If  we  are  justified  in  attributing 
a  watery  origin  to  certain  sheets  of  matter  because  they  indicate  deposition  and  strewing,  and 
contain  shells,  scales,  and  bones,  the  obvious  relics  of  creatures  in  afiinity  with  the  known 
aquatic  races  of  the  present  day,  we  are  equally  warranted  in  rejecting  tlie  conception  of  a  sub- 
mersion of  any  district  until  we  can  there  find  some  such  evidences  of  the  waters,  or  some  inde- 
pendent proofs  that  the  materials  the  waters  must  have  contained  and  precipitated  were  once 
there,  and  were  subsequently  swept  away. 

One  chief  object  of  the  present  Chapter  being  to  trace  the  several  Palasozoic  formations  of 
Pennsylvania,  as  independent  deposits  or  sheets  of  matter,  through  their  various  phases  of  com- 
position and  thickness  across  the  State,  and  thence  out  into  the  great  Appalachian  basin  of  the 
continent,  even  to  its  distant  shores,  it  is  necessary  that  we 
should  keep  our  attention,  not  only  upon  the  strata  themselves, 
but  upon  the  horizons  or  ancient  surfaces  which  divide  them. 
Before  attempting  this,  it  will  be  expedient  to  settle  a  few  points 
of  definition  in  regard  to  the  conditions  under  which  contiguous 
strata  are  superposed. 

Eeviewing  all  the  possible  relations  of  superposition,  it  will 
be  found  that  they  arrange  themselves  under  four  categories. 
They  are  illustrated  in  the  diagrams  here  annexed. 

First,  Deposits  of  successive  dates  may  be  superposed  in 
regular  parallel  order,  so  continuously  as  to  mark  no  pause  in 
time,  or  interruption  in  the  formative  process  ;  and  even  the 
transition  from  one  formation  to  another  may  be  so  gradual, 
both  in  the  substitution  of  a  later  sediment  for  a  preceding,  and 
of  one  set  of  organic  remains  for  another,  as  to  imply  no  positive 
cessation  of  time  or  action.  Such  a  following  of  one  formation 
by  another,  I  propose  to  entitle  a  covformahle  continuous  sequence. 

Secondly,  One  stratum  or  set  of  strata  may  immediately  overlie  another  with  apparently 
perfect  parallelism  of  their  beds,  and  yet  their  plane  of  contact  may  represent  a  great  interval  of 
VOL.  II.  5  F 
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1.  Conformable  Continuous  Sequence. 


2.  Conformable  Interi'upted  Sequence. 


3.  Unconformable  Continuous  Sequence. 


4.  Unconformable  Interrupted  Sequence. 
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time,  and  a  total  change  of  the  physical  sedimentary  conditions  ;  in  other  words,  there  may  be 
an  absence  of  strata,  or  even  of  whole  formations,  or  entire  series  of  formations,  developed  in 
other  districts  of  the  same  or  of  other  waters,  and  recording  a  long  period  of  geological  time. 
Where,  from  independent  evidence  of  stratification  and  fossils,  we  are  convinced  that  the  contact 
is  between  deposits  thus  separated  in  age,  though  physically  joined,  and  to  all  appearance  directly 
sequent,  we  may  entitle  the  relation  a  conformable  interriqjied  sequence.  This  condition  implies 
a  cessation  of  sedimentary  action  through  a  longer  or  briefer  period,  and  we  know  of  no  change 
but  that  of  elevation  above  the  water  or  into  dry  land  compatible  with  it,  at  least  for  any  length 
of  time.  This  juxtaposition  of  rocks  remote  in  age,  where  the  lower  were  still  level  at  the  date 
of  the  deposition  of  the  upper,  proves  not  merely  a  lifting  of  the  watery  floor  to  the  level  of  dry 
land,  and  its  reimmersion,  but  a  movement  unattended  by  any  narrow  or  steep  undulations  ;  or 
in  other  words,  it  indicates  merely  a  broad  general  bulging  of  the  crust.  Traced  far,  however 
such  instances  of  parallelism  will  almost  invariably  be  discovered  to  exhibit  a  change  to  uncon- 
formity, implying  the  universality  of  a  law  previously  announced,  that  every  displacement  of  the 
level  of  the  earth's  crust  has  been,  and  stiU  is,  somewhat  undulatory. 

Thii^dly,  There  is  a  third  condition  of  contact,  where  the  upper  group  of  beds  reposes  on  the 
lower  at  a  greater  or  less  angle,  their  relative  attitudes  implying  an  uptilting  or  loss  of  levelness 
in  the  inferior  before  the  superior  were  deposited,  even  though  we  are  assured  from  their  organic 
contents  that  they  were  strictly  consecutive  in  time,  or  so  nearly  so  that  no  independent  formation, 
or  group  of  organic  beings,  elsewhere  occupied  any  part  of  the  earth's  surface  within  the  interval. 
Such  instances  of  superposition  exhibit  a  physical  break,  but  not  a  break  in  time.  This  relation- 
ship may  be  entitled  an  unconformable  continuous  sequence  of  the  strata. 

Fourthly,  The  remaining  category  under  which  two  sets  of  strata  may  rest  in  contact  is  that 
•  where  they  exhibit  not  only  an  absence  of  parallelism,  but  an  omission  of  one  or  more  forma- 
tions known  in  other  districts  to  overlie  the  lower,  and  underlie  the  upper.  This  state  of  things 
implies  not  merely  a  disturbance  of  the  inferior  deposit,  from  the  approximately  horizontal 
position  in  which  it  was  formed,  but  its  elevation  into  dry  land,  with  a  lapse  of  time  and  a 
reimmersion  of  the  mass  without  a  regain  of  its  original  level  attitude,  all  prior  to  the  deposition 
of  the  formation  resting  over  it.  Such  a  condition,  familiar  to  geologists  as  the  commonest 
instance  of  unconformity,  I  propose  to  entitle  an  unconfo7'ma'ble  interrupted  sequence. 

I  have  presented  the  above  definitions  as  essential  to  a  clear  understanding  of  the  nature  and 
relative  magnitudes  of  the  planes  of  discontinuity  which  separate  the  Appalachian  strata,  and,  by 
interpretation,  the  crust-movements  which  preceded  and  followed  the  various  formations  which  suc- 
cessively occupied  the  floor,  or  portions  of  the  floor,  of  the  Appalachian  sea  in  Pennsylvania  and 
elsewhere.  It  is  only  by  holding  these  distinctions  well  in  view,  and  by  studying  the  correspond- 
ing breaks  in  the  sequence  of  the  organic  remains  imbedded  in  the  strata,  that  we  can  hope 
philosophically  to  group,  classify,  and  name  our  stratified  rocks,  and  reconstruct  in  imagination 
the  successive  phases  of  the  ancieut  physical  geography  of  this  quarter  of  the  globe. 

It  should  be  observed,  that  we  frequently  meet  with  each  of  the  four  above-described  condi- 
tions of  contact  of  the  strata,  where  the  uppermost,  though  deposited  horizontally,  have  under- 
gone, together  with  those  below  them,  great  displacements  from  their  primary  level  posture. 
However  uptilted  they  may  be,  the  two  sets  always  retain,  of  course,  their  previously-established 
relative  attitudes. 
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We  may  assume  it  also  as  an  established  law,  upon  which  we  may  safely  rely  in  our  geological 
reasonings,  that  the  relative  coarseness  or  fineness  of  the  sedimentary  matter  in  a  given  stratum 
measures  approximately  the  relative  strength  or  feebleness  of  the  watery  currents  that  strewed 
them  ;  and  furthermore,  that  the  degree  of  thickness  of  a  land-derived  or  mechanically-formed 
deposit,  is  a  criterion  of  its  relative  proximity  to  the  ancient  shores  from  whence  it  was  swept. 
Guided  by  the  familiarly-known  transporting  functions  of  moving  water,  in  which  we  witness 
every  gradation  of  velocity,  from  speeds  too  swift  for  any  deposition  to  motions  too  sluggish  for 
the  further  floating  of  the  suspended  matter,  we  must  infer  that  the  greater  number  of  sea- 
borne sediments,  not  merely  sheets  of  gravel  and  sand,  but  the  widest  layers  of  clay,  are  in  their 
component  beds,  and  in  their  aggregate  bulk,  very  thin,  even  to  a  feather-edge,  at  both  their  land- 
ward and  seaward  margins  ; — their  landward,  from  excess  of  velocity  ;  their  seaward  ones,  from 
exhaustion  of  material.  It  is  plain  that,  by  carefully  observing  in  any  stratum  all  its  gradations 
in  respect  to  its  aggregate  thickness,  the  coarseness  of  its  constituent  fragments  and  particles,  the 
nature  of  its  organic  remains  as  implying  shallow  or  deep  waters,  and  the  quality  of  its  materials 
as  traceable  to  comminuted  rocks  of  the  dry  land,  or  to  chemical  precipitates  derivable  only  from 
water,  the  geologist — if  the  scale  of  the  deposit  is  large — is  enabled,  by  assembling  his  data, 
to  ascertain,  with  considerable  accuracy,  the  quarter  whence  the  formation  was  derived,  and  the 
relative  strength  and  depth  of  the  transporting  currents  ;  indeed,  if  he  proceeds  with  caution,  he 
may,  by  summoning  to  his  aid  the  facts  and  deductions  of  physics  on  the  one  hand,  and  those  of 
natural  history  on  the  other,  gain  not  a  little  insight  into  the  physical  geography  of  the  globe,  at 
its  best  recorded  successive  epochs.  This  attempt  at  a  restoration  of  the  ancient  geographies  of 
the  earth  in  the  sense  of  the  relations  of  its  lands  and  waters,  and  the  distribution  of  its  living 
tribes,  is  one  of  the  highest  aims  of  geology,  in  the  cautious  inductive  pursuit  of  which  the 
science  is  gradually  taking  rank  by  the  side  of  astronomy  itself,  for  the  sublimity  of  the  field  it 
opens,  and  its  marvellous  capacity  of  revealing  the  unknown.  Humbly  hoping  to  contribute 
some  facts,  and  a  few  generalisations,  as  materials  towards  the  construction  of  an  Ancient 
Physical  Geography  for  North  America,  I  shall  venture,  in  the  following  pages,  to  present  the 
observations  furnished  by  the  Geological  Survey  of  Pennsylvania,  in  connection  with  some 
derived  from  the  best  explorers  who  have  been  studying  the  other  diflerent  districts  of  the 
ancient  Palaeozoic  sea  along  its  Northern,  Western,  and  Southern  shores,  and  throughout  its 
middle  tracts. 

DEPOSITIONS  AND  DISTUEBANCES  OF  THE  PEIMAL  PEEIOD. 

Commencing  our  description  of  the  conditions  of  deposition  and  movements  of  the  Palaozoic  strata  of  Pennsyl- 
vania, and  the  Appalachian  basin  with  the  Primal  series,  the  first  feature  which  claims  our  attention  is  the  prodigious 
thickness  and  great  general  uniformity  of  composition  of  certain  members  of  this  widely-extended  deposit.  Viewed 
broadly,  it  may  be  regarded  as  an  enormous  accumulation  of  a  very  ferruginous  sandy  clay,  the  lower  and  upper 
Primal  slates  imbedding  comparatively  thin  sheets  of  coarser  fragmentary  matter  ;  a  conglomerate  at  the  base  of  or 
within  the  lower ;  a  white  evenly-constituted  sandstone  at  the  base  of  the  upper.  The  entire  argillaceous  mass  has 
evidently  been  derived  from  a  S.E.  or  S.  source,  and  from  a  region  in  those  directions  as  far  away  from  the  present 
N.W.  outcrop  of  these  strata  in  the  South  Mountain  or  Blue  Ridge,  as  the  lower  portion  of  the  Atlantic  slope 
in  Virginia,  the  Carolinas,  and  Georgia.  Along  their  line  of  outcrop,  at  the  edge  of  the  great  Appalachian  valley,  these 
Primal  slates  appear  to  cease  towards  the  N.  ere  we  reach  the  Delaware  Eiver,  for  we  have  but  imperfect  traces  of 
them  through  New  Jersey,  New  York,  and  the  W.  side  of  New  England.  In  consonance  with  this  fact,  they  thin 
away  N.  and  N.W.  probably  near  the  same  latitude,  for  they  nowhere  rise  to  the  day  in  Canada,  nor  along  the  shores 
of  Lake  Superior,  nor  in  Wisconsin  and  Minnesota  j  but  the  Primal  white  sandstone,  or  great  Arenaceous  formation  of 
the  series,  rests  everywhere  throughout  this  vastly-extended  ancient  coast-line,  on  an  earlier  metamorphic  or  Azoic 
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system  of  rocks,  and  is  iu  tarn  almost  immediately  overlaid  by  the  sandy  magnesian  limestones  of  the  Auroral  series. 
How  far  to  the  S.W.  the  main  body  of  tlie  Primal  series,  the  Primal  slate,  extends,  I  am  at  present  unable  to  assert, 
but  I  believe  it  ranges  in  the  Blue  Ridge  and  Atlantic  slope  into  Alabama.  Some  conception  of  its  geographical  and 
vertical  dimensions  may  be  gained  by  reflecting  that  it  constitutes  apparently  a  very  large  portion  of  the  broad  chain 
of  the  Blue  Ridge  and  of  the  Atlantic  slope  through  a  breadth  of  about  40  or  50  miles  from  the  Susquehanna  to 
Georgia  ;  and  where  the  thickness  of  the  whole  series  is  susceptible  of  estimation,  it  cannot  be  less  than  5000  feet,  and  it 
is  probably  much  more. 

So  wide  a  deposit,  derived  evidently  from  the  comminution  of  Gneissic  or  other  older  metamorphic  rocks  situated 
to  the  S.E.  of  its  present  outcrops,  can  only  have  proceeded  from  a  very  extensive  degradation  of  a  wide  expanse  of 
dry  land,  commencing  in  the  lower  portion  of  the  Atlantic  slope,  and  spreading  where  we  have  now  the  Tertiary  sea- 
board plane,  and  even  the  waters  of  the  Atlantic.  It  is  obvious  from  the  unconformable  superposition  of  the  Primal 
series  upon  the  Gneissic  system,  that  the  deposition  of  the  Primal  was  preceded  by  a  wide  movement  of  depression  of 
its  Gneissic  floor,  letting  on  the  waters  of  the  Appalachian  sea,  where  we  have  now  the  upper  half  of  the  Southern 
Atlantic  slope,  but  not  permitting  them  to  overflow  the  surface  in  those  N.E.  districts  where  the  Primal  white  sand- 
stone is  the  lowest  Palieozoic  formation  resting  against  the  Gneiss  or  the  Azoic.  This  subsidence  below  the  sea-level 
evidently  began  in  the  S.W.,  or  S.,  as  the  deficiency  of  the  lower  Primal  rocks  in  the  N.E.  plainly  proves.  The  move- 
ment of  the  crust  here  spoken  of  must  have  left  above  the  waters  a  large  tract  of  continent,  or  at  least  a  great  chain  of 
islands  to  the  S.E.  of  the  present  Atlantic  plane  ;  and  as  so  many  of  the  subsequent  formations  of  the  Appalachian 
region  point  as  clearly  as  the  Primal  to  an  E.  and  S.E.  source  for  their  land-derived  materials,  it  is  manifest  that  the 
supposed  Eastern  lands,  with  more  or  less  of  fluctuation  in  their  limits,  must  have  remained  such  even  to  the  close  of 
the  Carboniferous  period,  or  till  the  uplifting  of  the  latest  Coal-measures. 

The  coarse  stratum  of  silicious  conglomerate  intercalated  in  the  Primal  lower  slates,  far  below  the  horizon  of 
the  white  sandstone,  is  manifestly  a  S.  rock,  for  it  does  not  reach  N.  to  Pennsylvania,  and  seems  to  have  its  fullest 
development  in  Eastern  Tennessee.  It  was  produced,  obviously,  by  some  strong  paroxysmal  movement  intei-rupting 
the  quiet  actions  which  were  introducing  and  dispersing  the  sandy  mud  of  the  Primal  lower  slate,  and  pushing  into 
the  waters  a  column  or  broad  sheet  of  angular  fragmentary  matter. 

The  conditions  attending  the  deposition  of  the  Primal  white  sandstone,  or  Potsdam  sandstone,  must  have  been  very 
peculiar.  If  continuous  as  a  single  sheet  of  pure  arenaceous  rock,  or  even  approximately  so,  as  a  series  of  thinning  and 
thickening  deposits  embraced  within  nearly  one  horizon,  or  reposing  on  one  clayey  floor,  it  is  one  of  the  most  remark- 
ably persistent  strata  in  the  purity  of  its  quartzose  composition,  and  the  constancy  of  its  type,  and  its  organic  contents, 
which  geological  research  has  anywhere  disclosed.  From  all  the  evidence  now  in  our  possession,  it  appears  to  underlie 
the  entire  Appalachian  basin,  ranging  in  one  grand  line  of  outcrop  N.E.  from  Alabama  to  the  St  Lawrence,  thence 
W.  along  the  N.  shore  of  the  ancient  sea  to  Minnesota,  and  rising  in  Missouri  midway  between  these  starting  and  termi- 
nating points.  AVhile  it  thus  margins  and  probably  spreads  uninterruptedly  under  this  wide  area  of  more  than  1000 
miles  diameter,  it  retains  its  simple  condition  of  a  nearly  pure  white  sand,  and  is  apparently  nowhere  more  than  a 
few  hundred  feet  in  thickness.  That  it  was  deposited  in  comparo.tively  quiescent  waters,  and  not  from  tm'bulent  currents, 
is  plainly  evinced  in  the  remarkable  uniformity  in  the  nature  and  size  of  its  particles,  in  its  freedom  from  heterogeneous 
conglomerates,  and,  indeed,  from  all  pebbly  masses,  except  some  local  beds  of  quartzose  gravel,  and  strikingly  in  the 
universally  perpendicular  position  of  its  long,  slender,  delicate,  stem-like  fossil,  the  ScolitJius  lineai-is,  which  seems  to  have 
been  enclosed  by  the  settling  sand  with  as  little  horizontal  bending  motion  of  the  stalks  from  any  current,  as  when  a 
field  of  standing  corn  is  enclosed  and  bedded  up  iu  gently-falling  snow.  Whence  could  have  arisen  so  very  wide 
and  uniform,  and  yet  so  gentle  a  dispersion  or  precipitation  of  this  gi-eat  floor  of  sand  of  nearly  snowy  whiteness? 
The  regular  bedding  of  the  material,  and  its  thin  partings  of  almost  impalpable  clay,  prove  that  the  waters  did  possess 
some  horizontal  motion.  Was  this  of  the  nature  of  a  continuous  systematic  circulation  like  that  now  visible  in  the 
North  Atlantic  and  some  other  seas?  or  was  it  intermittent  without  being  paroxysmal,  like  the  tide-wave  currents  stirring 
the  beds  of  the  broad  shallow  estuaries,  such  as  those  bordering  the  Gulf  of  Mexico  at  the  present  surface  ?  Whence  was 
derived  so  pure  a  sheet  of  unmixed  quartzose  sand  1  A  mere  sortlmj  action  of  the  waters  operating  upon  mixed  mineral  sedi- 
ments could  scarcely  have  spread  out  this  pure  sand  over  such  a  breadth  of  floor,  nor  so  very  uniformly,  but  would  have 
left  large  deposits  of  extraneous  matter,  and  have  intercalated  many  beds  of  gravel  and  clay.  And  to  what  source  also 
are  we  to  look  for  so  prodigious  a  quantity  of  unmingled  quartzose  matter  1  May  we  not  conjectm-e  that  this  great 
sheet  of  white  sand,  unlike  any  sediment  we  can  imagine  to  have  come  from  the  disintegration  of  the  Gneissic  or  any 
other  group  of  the  older  rocks,  was  supplied  from  the  great  dykes  aud  veins  of  auriferous  quartz,  which,  upon  indepen- 
dent grounds  of  geological  evidence,  we  are  induced  to  infer,  issued  about  this  epoch  in  a  melted  condition  through  the 
rents  and  fissures  of  the  crust  over  all  the  region  of  the  Atlantic  slope,  and  elsewhere  around  the  Appalachian  sea.  It 
is  but  a  conjecture,  though  in  accordance,  I  think,  with  geologico-chemical  facts,  that  outgushing  bodies  of  this  quartz, 
mingled  with  volcanic  steam,  and  suddenly  chilled  and  pelted  upon  by  cold  aud  heavy  rains,  may  have  been  granulated 
into  sand,  as  would  occur  with  heated  unannealed  glass,  and  then  washed  in  copious  streams  into  the  broad,  shallow,  and 
tide-moved  sea,  and  there  gradually  dispersed  and  precipitated. 
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The  waters  of  the  Appalachian  sea  in  the  Primal  ages  would  appear  to  have  been  as  tranquil  as  those  of  other 
later  periods.  The  clayey  matter  of  the  slates  or  shales  denotes,  by  its  finely-comminuted  condition,  the  gentleness  of 
the  in- wafting  currents;  and  the  immense  thickness  of  the  deposits,  the  enormous  time  it  occupied  in  collecting.  The 
period  was  one  of  vast  duration  ; — an  enormous  age  of  quiet  sedimentation,  with  almost  no  life  in  the  wide  turbid  sea. 

A  somewhat  abrupt  disturbance  of  the  levels  of  the  surface  must  have  attended  the  rather  sudden  cessation  of  the 
previous  prolonged  precipitation  of  the  Primal  upper  slate,  and  this  movement  was  evidently  an  unequal  one — an  eleva- 
tion and  a  subsidence  of  the  floor  of  the  sea  which  contained  the  Primal  mud.  It  resulted  in  a  totally  new  condition 
of  the  waters.  The  introduction  of  the  Primal  clays  from  the  S.E.  was  stopped  for  ever — not  suspended,  as  during  the 
precipitation  of  the  white  sandstone  ;  and  in  their  place  there  commenced  an  immensely-extended  gradual  deposition  of 
the  materials  of  the  sandy  maguesian  limestones  of  the  next  or  Auroral  period.  This  cessation  took  place  at  the 
beginning  of  the  Upper  Clay  period  in  the  N.E.,  and  at  its  close  in  the  S.W.  The  transition  cannot  have  been  a  violent 
one,  for  almost  no  pebbly  beds  marking  an  active  rush  of  waters  are  discoverable  at  the  passage  from  the  one  formation 
to  the  other,  but  the  two  groups  alternate  their  deposits  through  a  thickness  in  some  places  of  many  hundred  feet,  one 
or  more  beds  of  the  limestone  being  interstratified  with  the  slate  before  the  great  body  of  the  limestone  commences. 
As  the  lowest  Auroral  formation,  in  Auroral  calcareous  sandstone,  is  absent  with  the  Primal  upper  slate  E.  of  the 
Schuylkill,  the  hiatus  of  two  formatious  produces  a  conformable  interrupted  sequence. 

FulcBontological  Break. — Throughout  the  Appalachian  chain  the  Primal  series  contains  only  three  or  four  fossils, 
two  Lingidce  and  the  Scolifhits  in  the  white  sandstone,  and  a  vaguely-defined  plant,  at  present  the  oldest  known  relic  of 
organic  existence  in  America,  or  perhaps  in  the  world.  But  in  Wisconsin,  near  the  N.W.  shore  of  the  Primal  sea,  the 
white  sandstone  imbeds  on  a  succession  of  thin  floors  some  seventeen  more  species,  among  them  some  cuiious  trilobites. 
Two  of  the  seventeen  are  forms  common  to  the  E.  outcrop,  so  that  the  total  number  of  species  yet  defined  is  only  about 
eighteen.  Now  it  is  remarkable  that  not  one  of  these  is  to  be  met  with  in  any  of  the  formations  of  later  date,  though 
these  were  produced  under  circumstances  especially  favourable  to  the  existence  of  organic  beings.  It  thus  appears  that 
the  physical  revolution  which  cut  off  the  Primal  deposits,  and  fitted  the  ocean  for  the  reception  of  the  Auroral,  com- 
pletely/ extermmated  the  previously-existing  races. 

Here,  then,  is  one  of  the  most  decided  pala^ontological  breaks,  or  epochs  of  discontinuity  in  the  organic  world  to 
be  met  with  in  the  whole  succession  of  our  ancient  Palseozoic  formations. 

DEPOSITIONS  AND  DISTURBANCES  OF  THE  AURORAL  PERIOD. 
We  have  seen,  from  foregoing  descriptions  of  the  Auroral  strata  of  Pennsylvania  and  other  districts,  that  it 
consists  largely  of  a  sandy  maguesian  limestone,  which  terminates  towards  its  base,  from  excess  of  sand,  in  a  calcareous 
sandstone,  and  that  it  is  only  towards  its  upper  limit  that  the  rock  passes  to  a  nearly  pure  carbonate  of  line,  or 
becomes  at  all  crowded  with  fossils.  We  have  also  noticed  that  the  whole  mass  is  enormously  thick  at  its  S.E.  out- 
crops, throughout  the  Appalaciiian  chain,  from  Alabama  to  the  St  Lawrence,  and  that,  though  much  thinner  along 
the  N.  border  of  the  basin,  it  is  still  largely  developed,  iipon  its  N.W.  and  W.  margin,  in  Wisconsin,  Iowa,  and 
Missouri. 

As  the  chief  deposit  of  the  Auroral  series,  the  maguesian  limestone  exhibits  its  greatest  development  along  its  most 
S.E.  limit,  having  a  thickness  there  of  some  4000  feet  or  more ;  and  as  it  declines  in  bulk  N.  and  N.W.,  it  is  manifest 
that  it  had  a  S.E.  or  S.  origin,  or  at  least  that  the  conditions  for  its  production  were  in  fullest  energy  in  those 
quarters ;  and  it  is  equally  obvious  that  it  must  have  existed,  in  those  directions,  far  beyond  its  present  boundary, 
since  we  cannot  siippose  the  deposition  to  have  been  thickest  just  at  its  margin.  We  are  compelled,  on  the  contrary, 
to  suppose  that,  as  all  marine  deposits  must,  it  commenced  geographically  with  a  thin  or  feather  edge,  and  gradually 
deepened  seaward.  Indeed,  judging  alone  from  a  comparison  of  its  mass  in  different  quarters,  we  are  led  to  infer  that 
its  existing  S.E.  outcrop  in  the  Appalachian  chain  occupies  rather  a  mid-sea  position  in  relation  to  the  waters  in 
which  it  was  precipitated  Very  possibly,  however,  the  Appalachian  ocean  of  the  Auroral  period  was,  like  most  of  the 
oceanic  basins  of  the  world  at  the  present  day,  deepest  towards  one  side  ;  and  that  this  broad  channel,  stretching  N.E., 
and  shoaling  towards  the  N.  and  W.,  was  the  region  of  most  copious  deposition  of  the  material. 

The  striking  increase  in  the  magnitude  of  the  cherty  member  of  the  formation,  as  we  trace  it  S.W.  along  the 
great  Appalachian  valley  into  Central  Virginia,  and  indeed  into  East  Tennessee,  supports  the  view  here  taken  of  a  S. 
or  S.E.  development  of  the  whole  mass. 

Picspecting  the  origin  or  source  of  the  ingredients  of  this  stupendous  deposit,  it  is  not  easy,  in  the  present  state 
of  our  knowledge,  to  offer  moi-e  than  some  plausible  conjectures.  Being  in  the  main  a  triple  mixture  of  carbonate  of 
lime,  carbonate  of  magnesia,  and  quartzose  sand,  with  a  little  alumina,  and  carbonate  or  oxide  of  iron,  we  have,  in  the 
first  place,  to  account  for  the  two  first-named  ingredients.  These  constituents  of  many  great  formatious,  of  all  geological 
ages,  are  by  some  geologists  regarded  as  derived  almost  exclusively  from  shells,  corals,  and  the  exuviic  of  various  minuter 
marine  creatures,  triturated  into  an  impalpable  calcareous  sand  or  mud  ;  but  by  those  of  another  school  they  are  attri- 
buted in  large  part  to  a  chemical  precipitate  of  the  carbonates  of  lime  and  magnesia,  from  waters  sufficiently  charged 
with  carbonic  acid  to  hold  these  salts  temporarily  in  solution.  Neither  of  these  hypotheses  meets  the  primary  difficulty  of 
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finding  a  source  for  the  enormous  amount  of  the  carbonates,  combined  with  but  little  foreign  matter,  which  this  and 
other  gTcat  limestone  formations  exhibit,  imder  circumstances  that  almost  preclude  our  tracing  them  to  a  solution  of 
any  of  the  pre-existing  formations  or  minei-al  masses  of  the  crust.  In  no  region  of  the  ancient  metamorphic  and 
igneous  rocks,  encompassing  the  present  limits  of  these  old  Appalachian  formations,  do  we  discover  any  large  mass, 
aqueous  or  Plutonic,  of  either  pure  or  magnesian  limestone,  whence,  by  solution  or  by  washing,  so  pure  a  deposit,  or 
one  even  one  tenth  or  one  hundredth  part  the  thickness  of  this  mile-deep  formation,  could  be  derived.  In  truth  it  is, 
if  not  absolutely,  very  nearly  the  most  ancient  calcareous  stratum  known  upon  the  continent.  To  what  more 
primordial  source,  then,  are  we  to  look  for  its  ingredients  1  Scarcely  to  the  minerals  of  the  crystalline  and  semi- 
crystalline  Gneissic  and  Azoic  strata,  or  to  the  comparatively  limited  granitic  and  other  Plutonic  dykes.  The 
predominant  constituents  of  all  these  masses  are  silex  and  clay,  the  former  nearly  fifty  per  cent,  the  latter  about 
seventeen  per  cent ;  whereas  the  calcium  and  magnesium,  the  metallic  bases  of  the  lime  and  magnesia,  scarcely  exceed  five 
per  cent  each.  There  was  evidently  some  other  hitherto  unexplained  source  whence  the  early  Paliseozoic  waters  of  the 
globe  received  their  long-continued,  gradiial,  but,  in  the  aggregate,  most  prodigious  supplies  of  the  carbonates  of  lime 
and  magnesia.  To  trace  them,  as  some  do,  to  submarine  volcanic  emissions,  is  to  contradict  all  analogy  with  the 
known  nature  of  modern  volcanic  products  and  volcanic  functions  ;  indeed,  we  have  the  amplest  geological  evidence 
that  the  ancient  igneous  eruptions  through  the  crust  were  accompanied  with  as  small  a  proportion  of  these  mineral 
substances,  so  indispensable  to  the  solid  skeletons  of  corals,  shell-fish,  and  many  other  marine  races,  as  the  modem 
volcanic  lavas. 

Concerning  the  origin  of  the  quartzose  sand  so  abundantly  dispersed  through  the  carbonates  of  lime  and 
magnesia  in  nearly  all  portions  of  this  formation,  but  especially  in  its  lower  member,  the  Matinal  calcareous  sandstone, 
or  calciferous  sandstone  of  New  York,  there  is  less  obscurity.  We  have  already  seen,  that  around  the  N.E.,  N.,  and 
W.  borders  of  the  Appalachian  sea,  the  Primal  white  sandstone  constitutes  the  uppermost  deposit  of  the  series,  there 
having  been  an  elevation  of  the  sea-bed  in  those  quarters  which  shut  out  the  clays  of  the  Primal  upper  slate 
accumulated  farther  S.  It  is  highly  probable  that  the  same  movement  lifted  out  the  Primal  white  sandstone  in  a 
similar  manner,  S.E.  of  the  Southern  Atlantic  slope,  and  thus  around  almost  the  whole  periphery  of  the  basin  there 
must  have  been  a  broad  expanse  of  freshly-risen,  scarcely-cemented  white  sand,  exposed  to  be  washed  by  the  tropic- 
like rains  of  that  period  into  the  wide,  shallow,  but  constantly-sinking  receptacle,  and  there  commingled  with  the 
carbonates  of  lime  and  magnesia  as  these  were  being  precipitated. 

AUEOEAl  BLUE  LIMESTONE,  CHAZY  AND  BLACK -RIVER  LBIESTONE  OF  NEW  YORK. 

The  upper  member  of  our  Ain-oral  series,  consisting,  as  will  have  been  seen,  of  a  regularly-bedded,  evenly-deposited 
pure  blue  limestone,  interstratified  in  some  districts  with  layers  of  shale  or  clay,  and  distributed  not  only  throughout 
the  Appalachian  chain  of  Pennsylvania,  but  as  far  in  different  directions  as  Alabama,  the  St  Lawi-ence,  and  Missouri, 
must  likewise  have  been  deposited  under  conditions  of  extraordinary  geographical  uniformity.  It  is  nowhere  a  thick 
formation,  and  appears  to  be  almost  entirely  absent  from  some  districts  of  the  Appalachian  chain.  Elsewhere  it  has 
a  depth  of  200  or  300  feet.  The  most  interesting  general  facts  connected  with  it,  are  its  repleteness  in  organic 
remains,  and  its  almost  entire  freedom  from  the  quartzose  sand  which  is  so  general  a  constituent  of  the  formation 
next  beneath  it,  with  which  it  is  likewise  contrasted,  in  containing  a  far  less  proportion  of  the  carbonate  of  magnesia. 
The  two  formations  differ  greatly  in  the  abundance  of  the  fossils  which  they  entomb.  Thus  Professor  James  Hall, 
after  a  long  study  of  the  species  derivable  from  these  deposits  in  New  York,  describes,  in  his  Palaeontology  of  that 
State,  but  thirteen  forms  from  the  magnesian  limestone  ;  whereas  he  defines  seventy-seven  as  belonging  to  the  Chazy, 
Birds-Eye,  and  Black  River  groups,  or  the  local  members  of  om-  Auroral  blue  limestone  ;  and,  what  is  remarkable, 
only  one  is  common  to  the  two  deposits.  There  was  evidently  a  physical  change  in  the  Auroral  waters,  and  probably 
in  the  circumjacent  land,  at  the  coming  in  of  this  formation,  some  new  condition  checking  the  production  of  the 
carbonate  of  magnesia,  and  stopping  entirely  the  introduction  of  the  silicious  sand,  but  favouring  the  inflow  of  a 
moderate  amount  of  clay.  This  change  was  unquestionably  owing  to,  or  connected  with,  a  wide  movement  of  the 
bed  of  the  waters,  as  shown  by  the  calcareous  conglomerates,  an  elevation  amounting  in  some  quarters  to  an  actual  lifting 
out  to  the  level  of  the  atmosphere  of  their  magnesian  limestone  floor,  as  the  absence  of  the  Auroral  blue  limestone, 
and  the  Matinal  limestone,  and  Matinal  black  slate  over  large  tracts,  abundantly  establishes.  Everything  connected 
with  the  stratification  of  the  blue  limestone  proves  that  it  was  deposited  in  comparatively  shallow  waters,  and  the 
structure  of  its  fossils,  and  their  high  abundance,  go  to  confirm  this  inference.  We  can  hardly  attribute  the  great 
increase  in  the  amount  of  life,  towards  the  later  part  of  the  Auroral  period,  merely  to  a  change  in  the  mineral  sedi- 
ments, for  we  find  in  other  quarters  of  the  globe,  and  even  in  other  parts  of  the  American  Palaeozoic  strata,  very 
magnesian  and  sandy  limestones,  though  most  usually  sandy  ones,  which  are  not  magnesian,  quite  full  of  organic 
remains.  We  are  constrained,  therefore,  to  think  that  their  comparative  paucity  in  the  Auroral  magnesian  lime- 
stone was  due  to  some  other  condition  of  the  waters — possibly  turbidness  or  temperature,  or  both — which  accompanied 
the  precipitation  of  its  materials. 
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DISTURBANCES  OF  THE  CEUST  AT  THE  END  OF  THE  AURORAL  PERIOD. 

Comparing  the  physical  conditions  of  the  later  part  of  the  Anroral  period  with  those  of  the  earlier  part  of  the 
^latiual,  as  indicated  by  the  strata  and  their  organic  contents,  we  discern  signs  of  an  important  change  througliout 
wide  spaces  of  the  Appalachian  sea,  especially  in  Pennsylvania  and  towards  the  S.W.  Indeed,  almost  everywhere  there 
is  an  important  alteration  in  the  materials  of  the  strata — the  Matinal  argillaceous  limestone,  Trenton  limestone  of  New 
York,  including  a  mucli-increased  amount  of  clayey  and  carbonaceous  matter  in  the  limestone,  and  many  layers  of 
pure  clay  or  shale  between  its  calcareous  beds.  That  state  of  the  physicial  geogVaphy,  whatever  it  was,  which  subse- 
quently and  for  a  long  time  j^ermitted  the  deposition  of  widespread  sheets  of  clay,  had  already  begun  with  the  com- 
mencement of  the  Matinal  period.  That  there  was  a  shift  in  the  levels  of  the  surface  over  many  districts  around  the 
margin  of  the  Auroral  basin,  is  manifested  in  the  circumstance  that  the  Matinal  limestone  there  spreads  beyond  the 
limits  of  the  Auroral  blue  limestone,  and  reposes  directly  on  the  Auroral  magnesian  rocli,  in  a  conformable  interrupted 
seqmnce,  a  condition  which  could  only  arise  from  a  previous  elevation  of  the  sea's  bed  at  the  end  of  the  Magnesian 
Limestone  age,  and  a  subsequent  re-emersion  of  the  surface  at  the  beginning  of  the  Matinal  period,  for  the  reception  of 
its  fossiliferous  limestone.  Such  must  have  been  the  state  of  things  over  those  portions  of  the  edge  of  the  basin, 
now  the  Appalachian  or  Kittatinny  Valley  of  Pennsylvania,  where  the  Auroral  blue  limestone  is  wanting,  and  the 
Matinal  or  Trenton  limestone  lies  in  contact  with  the  magnesian.  Such  also  was  the  condition  in  parts  of  Wisconsin, 
Minnesota,  and  Missouri.  The  shift  of  level  of  the  sea-bottom  towards  the  end  of  the  Auroral  period  must  have 
commenced  with  a  somewhat  violent  agitation  of  the  crust,  for  such  is  evidently  the  inference  to  be  drawn  from  the 
conglomerate  beds  of  very  large  limestone  pebbles,  seen  near  the  superior  limit  of  the  Auroral  magnesian  limestone  in 
the  Kittatinny  Valley.  It  was  plainly  no  movement  of  elevation,  since  the  Auroral  blue  limestone,  and  quite  generally 
the  Matinal  limestone  also,  are  wanting  from  the  column  of  formations.  The  break  of  succession  in  which  this 
movement  resulted  was  greatest  apparently  towards  the  S.E. 

The  waters  of  the  Appalachian  ocean  in  the  Auroral  period  were  probably  deep  in  the  earlier  ages,  and  deepest 
in  the  region  of  the  present  Appalachian  Mountains,  where  the  superior  thickness  of  the  great  magnesian  limestone 
implies  eitlier  this  condition  or  a  more  rapid  subsidence  of  the  sea-bed,  and  a  more  copious  introduction  of  material. 
But  this  more  copious  precipitation  of  an  aqueous  sediment  itself  denotes  a  greater  depth  or  mass  of  water. 

PAL^ONTOLOGICAL -BREAK  BETWEEN  THE  AURORAL  AND  MATINAL  SERIES. 

This  transition  from  the  Auroral  to  the  Matinal  deposits  was  accompanied  by  an  almost  entire  extinction  of  the 
numerous  marine  races  which  lived  in  the  x\uroral  waters,  and  heralded  the  introduction  of  still  more  numerous 
groups  of  kindred  species.  Indeed,  as  I  shall  elsewhere  show,  there  appeared,  with  the  almost  total  change  in  the 
species,  quite  a  number  of  new  genera.  According  to  the  tables  of  Professor  Hall,  the  number  of  species  restricted  to 
the  Auroral  blue  limestone,  as  hitherto  examined  in  New  York,  is  about  seventy-seven,  whereas  the  number  peculiar  to 
the  Matinal  limestone  (Trenton)  is  one  hundred  and  eighty-eight,  while  there  are  but  three  other  species  common  to 
the  two  formations.  Here,  then,  there  is  a  pahieontological  break  or  interruption  to  the  stream  of  life,  so  far  as  respects 
the  races — if  not  the  generic  types — which  for  magnitude  is  quite  in  consonance  with  the  wide  revolution  above 
adverted  to  in  the  physical  geography  of  the  Appalachian  ocean  and  its  bordering  lands.  This  palsooutological  break 
is  indeed  only  surpassed,  as  respects  its  grandeui',  by  one  or  two  others  in  the  whole  succession  of  the  epochs  of  the 
destruction  and  repeopling  of  the  Paheozoic  waters.  Towards  what  quarter  we  are  to  seek  for  the  maximum  distur- 
bance of  the  crust  which  produced  the  transition  from  the  Auroral  to  the  Matinal  worlds,  it  is  difficult,  with  the  data 
hitherto  collected,  to  determine  j  but  there  exist  strong  indications  that  it  was  towards  the  N.E.  angle  of  the 
Appalachian  sea.  In  more  than  one  locality  in  that  direction — namely,  in  places  on  Lake  Champlain  and  in  Canada 
— the  Matinal  or  Trenton  limestone  seems  to  rest  unconformably  upon  upturned  and  dislocated  Auroral  and  Primal 
rocks,  a  condition  of  discontinuity  not  met  with  anywhere  to  the  W.  or  S.W. 

DEPOSITIONS  AND  DISTURBANCES  OP  THE  MATINAL  PERIOD. 

Three  successive  sedimentary  conditions  appear  to  have  prevailed  in  the  Appalachian  basin  during  the  long 
Matinal  ages.  First,  a  state  favourable  to  the  deposition  of  an  alternation  of  rather  pure  carbonate  of  lime  and  blue 
mud  or  clay,  and  to  the  existence  of  multitudes  of  marine  species,  in  myriads  of  individuals  of  all  grades,  from  corals 
up  to  trilobites.  Secondly,  a  condition  depositing  nothing  but  a  dark-blue  carbonaceous  mud,  inliabited  by  a  few 
delicately-constructed  molluscs  and  small  trilobites.  Thirdly,  a  wholly  different  order  of  things,  precipitating,  through 
a  long  period,  an  alternation  of  deposits  of  sandy  clay  and  clayey  sand,  crowded,  where  the  waters  were  more  calcareous, 
with  marine  creatures  of  very  similar  types  to  those  that  had  frequented  the  two  preceding  deposits.  Upon  the  first 
of  these  it  is  hardly  necessary  to  speculate,  after  what  has  been  already  said.  The  age  of  the  Matinal  (Trenton)  lime- 
stone was,  throughout  the  Appalachian  basin,  one  of  extreme  general  tranquillity  of  the  crust,  of  moderate  depth,  and 
only  slight  turbidity  in  the  waters,  and  of  climatal  and  otiier  relations  evidently  conducive  to  a  redundant  harvest  of 
living  forms.    The  carbonaceous  matter  diffused  in  the  blacker  layers  of  the  Matinal  limestone  and  its  shales,  is  attri- 
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buted  by  some  geologists  to  the  carbon  constituent  of  innumerable  organic  beings,  of  a  soft  fleshy  structure,  that 
possessed  no  shells  or  stony  parts,  and  could  leave  no  other  vestige  of  their  ever  having  lived. 

JIatinal  Black  Slate. — The  transition  from  the  formation  of  this  very  fossiliferous  limestone  to  that  of  theA)]uish- 
black  carbonaceous  Matinal  slate,  was,  throughout  most  portions  of  the  basin  now  accessible  to  study,  somewhat 
abrupt ;  though,  as  we  have  seen,  it  was  extremely  gradual  in  one  part  of  their  S.E.  outcrop,  or  in  the  N.  section 
of  the  great  valley  of  Virginia.  There,  there  is  such  an  intermingling  of  the  materials,  and  even  the  fossils  of  the  two 
strata,  that  a  division  of  the  blended  mass  is  difficult,  if  not  impossible.  But  throughout  Pennsylvania,  and  in  all  the 
country  N.  and  N.W.  of  it,  wherever  both  formations  appear,  their  line  of  separation  is  a  somewhat  crisp  one.  It  is 
evident  from  this,  that  over  most  of  the  watery  floor  there  occurred  almost  simultaneously  some  great  physical 
change,  banishing  the  conditions  favourable  for  the  deposition  or  secretion  of  carbonate  of  lime,  and  permitting  the  in- 
troduction and  tranquil  precipitation  of  a  dark  carbonaceous  sandy  clay,  or  fine  gritty  blue  mud.  With  this  change  there 
arose  an  almost  entire  destruction  of  the  more  than  one  hundred  and  eighty-eight  species  inhabiting  the  limestone  sea, 
only  two  of  these,  so  far  as  is  yet  known,  surviving  to  flourish  in  the  succeeding  period  of  the  dark  muddy  sediment 
which  has  hitherto  revealed  only  eight  races,  to  replace  the  more  than  one  hundred  and  eighty-six  exterminated. 
The  age  producing  this  Matinal  black  slate  was  therefore  one  manifestly  very  inimical  to  organic  life.  The  deposit 
does  not  show  itself  at  all,  we  believe,  in  the  N.W.  and  W.  outcrops  of  the  other  Matinal  groups. 

Matinal  Shales. — Respecting  the  physical  conditions  concerned  in  the  washing  into  the  Appalachian  sea  of  the 
deep  and  widespread  accumulation  of  argillaceous  matter  and  fine  sand,  which  form,  by  their  consolidation,  the  remark- 
able formation  of  the  Matinal  shales,  we  have  to  notice,  as  chiefly  suggestive,  the  following  circumstances  :  the  deposit 
is  thickest  and  most  arenaceous  along  the  great  Appalachian  valley,  or  at  its  S.E.  outcrops,  and  particularly,  it  would 
seem,  towards  the  N.E.,  or  in  Pennsylvania,  New  Jersey,  and  New  York ;  and  there  it  encloses,  towards  its  upper 
limit,  thick  beds  of  coarse  grey  pebbly  sandstone,  and  even  of  conglomerate.  Along  the  N.  and  W.  borders  of  the 
basin,  the  mass  is  much  thinner,  and  of  finer  composition.  It  is  obvious,  therefore,  that  the  materials  were  swept  in 
mainly,  or  at  least  in  greatest  abundance,  from  the  N.E.  This  view  receives  corroboration  from  another  fact,  pre- 
viously given,  that  from  a  Northern  district  in  Virginia,  south-westward, and  likewise  throughout  all  its  W.  and  N.W. 
outcrops,  the  formation  loses  its  exclusively  shore  character,  and  becomes  gi-eatly  more  marine  in  its  type,  intercalating 
among  its  shales  numerous  thin  plates  of  very  fossiliferous  limestone,  until,  in  South-western  Virginia,  the  lower  half 
of  it,  and  in  Ohio  and  Wisconsin  the  whole  mass,  is  as  much  a  limestone  as  a  shale.  Combining  these  and  other  facts, 
we  are  impelled  to  infer,  that  while  the  Matinal  waters  were  gradually  receiving  widely-strewn  sediments  of  clay  from 
the  E.,  their  S.  and  W.  portions  were  less  turbid,  and  were  precipitating,  between  each  incursion  of  the  mud,  their 
deposits  of  the  carbonate  of  lime  in  pulpy  sheets,  that  were  teeming  with  creatm-es  inhabiting  its  bed  and  floating  in 
its  waves.  The  steady,  gradual  change  of  composition  in  this  great  stratum,  from  its  E.  to  its  W.  outcrops,  is  as  remark- 
able as  the  opposite  fact  of  constancy  of  type  maintained  by  the  two  other  groups,  the  limestone  and  black  slate  of  the 
Matinal  series,  or,  still  more  signally,  by  the  Primal  white  sandstone. 

The  Galena  Limestone. — This  lead-bearing  limestone  of  Wisconsin  and  Illinois,  superior  in  position  to  the  Matinal 
argillaceous  limestone,  and  inferior  to  the  Matinal  shales,  is  evidently  nearly  upou  the  horizon  of  the  Matinal  black 
slate  ;  but  whether  it  was  produced  in  the  same  age  with  that  deposit,  or  in  that  next  before  it,  or,  again,  in  that  next 
after  it,  we  are  without  the  means,  for  the  present  at  least,  of  ascertaining,  since  the  black  slate  and  it  nowhere  occur 
in  the  same  districts,  nor  even  approach  each  other  by  a  wide  geographical  interval.  It  is  obvious,  however,  that  at 
some  period  between  the  close  of  the  calcareous  limestone  deposit  and  the  beginning  of  that  of  the  Matinal  shale,  while 
a  part,  at  least,  of  the  matter  of  the  black  slate  was  collecting,  this  galena  limestone  was  in  progress,  imbedding  its 
peculiar  organisms.  It  pertained  to  some  then  existing  condition  of  the  physical  geography  of  the  N.W.  side  of  the 
Appalachian  basin,  favourable  to  the  production  of  a  copious  amount  of  cai-bonate  of  lime,  for  the  formation  is  of 
considerable  thickness  under  its  fullest  development.  The  very  marked  transition  between  the  Matinal  argillaceous 
limestone  and  this  lead-bearing  rock,  in  regard  to  their  organic  remains,  strongly  intimates  that  some  important 
physical  change  occurred  in  the  interval.  Not  improbably  there  was  a  depression  of  the  bed  of  the  sea.  The  general 
condition  of  the  Appalachian  sea  during  the  Matinal  period  would  appear  to  have  been,  considerable  depth  in  the 
earlier  ages,  while  the  Matinal  limestone  was  in  progress  j  then  comparative  shallowness  at  the  forming  of  the  Matinal 
black  slate  ;  and  finally,  oscillations  during  the  reception  of  the  Matinal  shales  and  sandstones. 

STUPENDOUS  CRUST-MOVEMENT  AND  REVOLUTION  IN  THE  EARTH'S  INHABITANTS  AT  THE  CLOSE 

OP  THE  MATINAL  PERIOD. 

The  relations  of  the  Matinal  series  to  the  overlying  sedimentary  strata  throughout  the  hitherto  explored  portions 
of  the  Appalachian  basin,  plainly  show  that  all  this  portion  of  the  earth's  crust  experienced  a  prodigious  movement 
at  the  close  of  the  Matinal  period.  This  agitation  of  the  floor  of  the  sea,  which  had  just  received  the  materials  of  the 
Matinal  shales,  appears  to  have  been  everywhere  attended  by  an  extensive  displacement  of  its  level,  accompanied,  in 
some  districts,  by  imdulation,  amounting  even  to  a  close  plication  or  corrugation  of  its  sediments,  and,  in  some 
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districts,  to  a  lifting  up  of  wide  areas  above  the  general  sea-level  into  dry  laud.  The  proofs  of  this  revolution — the 
most  momentous,  as  it  affected  the  physical  geography  and  the  organic  inhabitants  of  tlie  ancient  North-American 
waters — have  been  set  forth  by  me  in  a  communication  to  the  British  Association,  on  the  Correlation  of  the  North 
American  and  British  Palteozoic  Strata,  read  at  a  meeting  of  that  body  in  Cheltenham  in  1856,*  and  the  reader  is 
referred  to  that  essay  for  a  full  discussion  of  the  subject ;  but  the  present  seems  a  fit  occasion  for  presenting  an  outline 
of  the  chief  facts  adduced. 

From  Gaspe,  on  the  Gulf  of  St  Lawrence,  S.W.  to  the  Paver  Hudson,  wherever  the  Matinal  rocks  appear  in  con- 
tact with  any  of  the  superposed  formations, the  former  are  either  highly  inclined  and  folded,  or  give  evidence  of  disturb- 
ance and  partial  metamorphism,  while  the  overlying  strata  display  much  less  displacement  and  alteration.  Within 
this  range  of  800  miles,  sometimes  the  Oneida  conglomerate,  or  lowest  member  of  the  Levant  series — sometimes  the 
Niagara  or  Scalent  series — rests  directly  on  the  upturned  Matinal.  In  the  one  case,  the  middle  Palaeozoic  rocks 
repose  upon  the  older  unconformably,  without  a  lapsus  of  any  of  the  formations  ;  but  in  the  other  case,  the  uncon- 
formity is  accompanied  by  a  wide  hiatus  in  the  series  of  strata.  The  latter  condition  was  discovered  by  me  near  the 
city  of  Hudson  in  1837,  and  was  referred  to  in  my  Second  Annual  Report  on  the  Geology  of  Pennsylvania,  as  proving 
the  magnitude  of  the  disturbance  which  terminated  the  formation  of  the  Matinal  shale.  The  locality  where  the  uncon- 
formity was  detected  is  Becraft's  Mount,  where  the  Lower  Helderberg  or  Pre-meridian  rocks  are  seen  in  horizontal 
stratification  in  the  hill ;  while  the  Hudson  River  slates  around  its  base  are  steeply  inclined  and  contorted,  from  a 
movement  previous  to  the  deposition  of  the  shales  and  limestones  ixpon  them. 

Another  locality,  near  the  Hudson  Valley,  is  the  end  of  the  Shawangunk  Mountain.  In  this  vicinity  we  may 
find  instances  of  a  physical  unconformity  of  the  Levant  rocks  upon  the  Matinal,  and  instances  of  a  similar  unconformity 
of  still  higher  strata  upon  the  same. 

The  cut  here  presented  (Fig.  586)  is  a  picture,  taken  on  the  spot,  of  the  mode  of  contact  of  the  Pre-meridian  or 
Lower  Helderberg  limestone  and  the  IMatiual  strata,  as  seen  by  us  iu  1842  at  Hasbruck's  Quarry.  Here  the  attitude 
of  the  strata  is  such  as  to  imply — first,  an  uptilting  of  the  Matinal  rocks 
into  a  steep  inclination  ;  secondly,  a  submersion  of  the  uplifted  surface 
to  receive  the  deposition  of  the  Pre-meridian  limestone  horizontally  upon 
the  edges  of  the  Matinal  slate,  after  these  latter  had  remained  above 
the  water  long  enough  for  three  great  formations — the  Levant,  Surgent, 
and  Scalent — to  have  taken  place  elsewhere  ;  and,  thirdly,  another 
elevation  imparting  a  steep  dip  to  the  horizontally-formed  Pre-meridian 
limestone.  We  have  the  authority  of  Sir  William  Logan,  in  his  Annual 
Reports  of  the  Geological  Survey  of  Canada,  for  stating  "  that  in  the  E. 
division  of  the  Palteozoic  basin — that  is  to  say,  the  portion  S.E.  of  the 
St  Lawrence — there  are  evidences  of  a  want  of  conformity  between  the 
Upper  and  Lower  Silurian  formations."  While  such  is  the  general  state 
of  things  throughout  the  Appalachian  chain  N.E.  of  the  Hudson,  there 
exist,  not  improbably,  districts  within  or  beyond  this  belt  where  the  sequence  of  the  Palaeozoic  formations  is  full,  and 
was  not  disturbed  by  any  important  physical  movement  at  the  close  of  the  Matinal  period,  or  the  epoch  which  separated 
the  middle  from  the  older  Palfeozoic  ages.  One  such  district  would  seem  to  be  the  Island  of  Anticosta,  where,  it  is 
alleged  by  the  Canadian  geologists,  the  Lower  and  Middle  Palseozoic  rocks  exhibit  not  only  an  absence  of  all  sign  of 
physical  disturbance  at  their  passage,  but  display  a  remarkable  commingling  of  their  organic  remains,  proving  an 
equally  striking  absence  of  any  great  disturbance  in  the  conditions  of  life.  Notwithstanding  tliis  exceptional  instance, 
it  would  appear,  from  the  Reports  of  the  Geological  Survey  of  Canada,  that  the  Middle  Palajozoic  formations  (the 
Upper  Silurian  of  Murchison)  repose  very  extensively  in  discordant  stratification  upon  the  Matinal  or  Hudson  River 
rocks  of  Quebec  and  Sillery.  In  some  quarters,  this  break  in  the  sequence  of  deposits  consists  in  the  omission  of  one, 
and,  in  others,  of  more  than  one,  formation,  implying  an  uprising  into  dry  land,  and  subsequent  re-immersion  of  the 
bed  of  the  Palaeozoic  ocean.  There  is  evidence  that  this  uplifting  of  the  sea-bed  extended  as  far  S.  as  the  W.  side  of 
the  Hudson,  and  nearly  as  far  W.  as  Oneida  Lake. 

This  latter  statement  is  confirmed  by  the  fact  that  there  is  an  omission  of  one  or  more  of  the  formations  at  the  base 
of  the  Middle  Palaeozoic  series  discernible  throughout  a  winding  line  of  outcrop,  stretching  from  the  Rondout  River 
up  the  W.  side  of  the  Hudson  River,  and  thence  N.W.  and  W.  by  the  base  of  the  Helderberg  Mountain,  along  the  S. 
side  of  the  valley  of  the  Mohawk.  From  Rondout  to  Schoharie,  the  two  lowest  of  the  four  Silm'iau  formations  are 
wholly  wanting,  causing  the  upper  beds  of  the  Scalent  or  Niagara  group,  and  frequently  even  the  lower  layers  of  the 
Pre-meridian  or  Lower  Helderberg  group — the  uppermost  of  all  the  Silurians — to  lie  in  discordant  contact  upon  the 
Matinal  slates,  or  highest  of  the  Cambrian  equivalents.  The  undulations  of  the  Matinal  floor  appear  not  to  extend 
very  far  W.  of  the  Hudson ;  for,  as  we  ascend  the  Mohawk  Valley,  the  higher  series  of  rocks  becomes  parallel 
with  the  lower  at  their  plane  of  contact.  Only  when  we  approach  Oneida  Lake  does  the  conglomerate  of  the  Levant 
series  begin  to  take  its  intermediate  place  in  the  succession  of  strata,  filling  the  gapbetween  the  two  systems.  But 
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Fig.  586.— Hasbruck's  Qiiarry,  Rondout,  showing  un- 
conformity of  Pre-meridian  upon  Matinal  strata. 
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even  it  displ.ays,  over  a  wide  tract  to  the  W.  of  its  E.  margin,  traces  of  the  violence  of  the  crust-movements  of  the 
period  ;  for  it  is  largely  composed  of  fragmentary  particles  of  the  Primal,  Auroral,  and  Matinal  rocks,  uplifted  and 
eroded  by  the  commotions  which  gave  birth  to  it. 

Along  the  entire  S.E.  margin,  or  mountain  front,  of  the  Appalachian  basin,  between  the  Hudson  and  its  S.  border 
in  Alabama,  the  close  of  the  Matinal  period  exhibits  indications  of  a  great  and  violent  change  in  the  state  of  the  waters, 
implying  a  commensurate  degree  of  action  in  the  ocean's  floor  and  ancient  shores.  Although  there  is  no  hiatus  in  the 
series  of  formations,  nor  any  want  of  parallelism  between  the  upper  and  lower  groups,  yet  there  prevails  so  abmpt  or 
sharp  a  plain  of  separation — such  a  striking  change  in  the  sedimentary  materials — such  proofs  of  the  upper  rock,  the 
Levant  conglomerate,  having  been  formed  out  of  the  wreck  of  the  Matinal  and  other  lower  strata — and  such  indica- 
tions that  the  shore-line  had  undergone  an  extensive  shift  in  its  position,  that  the  evidence  of  a  violent  movement  of 
the  crust,  or  change  in  the  level  of  the  sea-bed,  is  almost  as  conclusive  for  this  half  of  the  Appalachian  zone  as  for  the 
portion  N.E.  of  the  Hudson  Valley. 

Turning  next  to  the  N.  outcrop  of  the  Matinal  deposits,  with  a  view  to  the  question,  whether  the  disturbance 
which  marked  the  close  of  the  Matinal  period,  in  the  line  of  the  Appalachian  chain,  extended  along  this  border  of  the 
basin,  we  find  that  the  sequence  of  the  formations  remains  complete  only  for  a  short  distance  W.  of  Oneida  County — 
namely,  to  the  E.  end  of  Lake  Ontario — and  that  the  break  prevails  again  from  Lake  Ontario  westward  to  the  Missouri 
River,  and  generally  throughout  the  wide  plain  W.  of  the  Appalachian  Mountains.  Indeed,  the  whole  of  the  Levant  series 
is  not  present  anywhere  W.  of  Oneida  County,  but  only  the  Medina  sandstone  or  upper  member.  This  rock,  serving 
but  partially  to  fill  the  gap,  extends  through  New  York  to  the  head  of  Lake  Ontario,  and  thence,  thinning  down  to 
the  Manitoulin  Islands  of  Lake  Huron,  it  vanishes.  The  blank  thus  left  by  it  reaches  from  Lake  Huron  to  the  W. 
boundary  of  Iowa. 

Tracing  the  next  higher  group,  the  Surgent  or  Clinton  formation,  along  this  border  of  the  basin,  from  where  it 
takes  its  station  in  the  series  at  the  foot  of  the  Helderberg  Mountain  near  Schoharie  we  follow  it  through  New  York, 
to  the  Niagara  River,  and  through  Canada  to  the  Manitoulin  Islands,  and  doubtfully  beyond  these  to  the  E.  end  of 
Green  Bay,  where  there  is  no  longer  any  vestige  of  it.  The  whole  deposit  is  very  thin  between  the  Niagara  River  and 
the  Manitoulins.  Though  a  few  fossils  of  the  formation  occur  among  Scalcnt  (Niagara)  fossils  in  Wisconsin,  no  inde- 
pendent Surgent  formation  seems  to  exist  there  ;  on  the  contrary,  there  is  an  omission  of  two  entire  formations  above 
the  Matinal  shales  all  the  way  from  the  peninsula,  dividing  lakes  Michigan  and  Superior,  to  the  neighbourhood  of  the 
Missouri  River,  where  the  cretaceous  deposits  of  Nebraska  overlap  and  conceal  all  the  older  Palaeozoic  rocks  in  their 
prolongation  West. 

Still  directing  our  attention  to  the  N.  border  of  the  basin,  bounded  by  the  Matinal  outcrop,  we  observe  that  the 
Scalent  or  Niagara  series — the  third  great  Middle  Palaeozoic  formation — assumes  its  place  in  the  break  we  have  been 
describing,  somewhat  farther  W.  than  the  Surgent  deposit,  but  presents  a  much  broader  outcrop  and  a  far  gi-eater 
development.  This  group,  almost  wanting  in  the  Appalachian  chain  to  the  S.W.  of  the  Hudson,  and  very  thin  in  the 
E.  part  of  New  York,  becomes,  in  the  W.  part  of  that  State,  a  stratum  of  much  magnitude  ;  and  it  retains  this  expan- 
sion, and  a  commensurate  richness  in  its  organic  remains,  all  the  way  to  its  W.  limit,  near  the  Missouri  River.  From 
the  region  of  Lake  Michigan,  to  its  disappearance  beneath  the  cretacooiis  strata  of  Nebraska,  it  was  the  first  Silurian 
or  Middle  Palajozoic  formation  precipitated  on  the  floor  of  the  Appalachian  sea,  then  established  on  the  previously 
uplifted  and  re-submerged  strata  of  the  Matinal  series. 

Reviewing  the  phenomena  presented  by  this  N.  outcrop  of  the  earlier  Middle  Paleozoic  strata,  we  find  that  they 
indicate,  as  among  the  most  important  revolutions  of  the  physical  geography  of  their  periods,  first,  at  the  close  of  the 
Matinal  age,  a  tremendous  agitation  of  the  bed  of  the  Palseozoic  sea,  resulting  in  the  upheaval  and  draining  of  its  sedi- 
ments throughout  several  wide  districts,  and  a  very  general  shoaling  of  the  remaining  portions.  There  next  arose  a 
local  pai-oxysmal  movement  of  depression  in  the  Appalachian  chain  S.W.  of  the  Hudson,  accompanied  by  deposition  of  the 
Levant  or  Oneida  conglomerate  within  its  narrow  area,  but  characterised  elsewhere  as  a  gradual  and  pi-ogressive  sinking 
under  of  the  upraised  sea-bed,  throughout  wider  and  wider  limits,  during  the  later  Levant  (Medina)  and  the  Surgent 
(Clinton)  periods,  until  the  waters,  in  the  next  or  Scalent  (Niagara)  period,  resumed  almost  their  ancient  extension  over 
their  recovered  floor.  During  the  first  period  of  this  re-subsidence  the  sea  occupied  only  a  long  narrow  trough,  parallel 
with  the  Appalachian  Mountains,  spreading  no  more  than  100  or  200  miles  W.  from  the  zone  they  subsequently 
occupied.  In  the  next  or  later  Levant  (Medina)  age,  the  waters  had  encroached  W.  as  far  as  Lake  Hiuon,  but  were 
extremely  shallow ;  and  in  the  succeeding  or  Siugent  (Clinton)  period,  growing  deeper,  and  supporting  a  gi-eater 
multitude  of  inhabitants,  they  difi'used  themselves  to  a  limit  W.  of  what  is  now  Lake  Michigan.  But  it  was  only  in  the 
next  long  age — that  of  the  Scalent  (Niagara)  formations — that  this  second-time-created  Palseozoic  sea  recovered  all  its 
earlier  wide  dominion,  and  spread  its  waves  from  where  the  Appalachian  Mountains  afterwards  uprose  upon  its  borders, 
and  cast  it  off  as  far  as  a  distant  Western  shore,  perhaps  to  be  yet  discovered,  in  the  region  of  the  Rocky  Mountains. 

The  great  crust-movement,  denoted  by  the  break  in  the  stratification  at  the  upper  limit  of  the  Matmal  series,  is 
proved  to  have  extended  to  the  interior  of  the  Pala)Ozoic  basin.  It  is  clearly  shown  in  the  geological  phenomena  of  the 
wide  anticlinal  zone  which  ranges  through  Western  Ohio,  and  Middle  Kentucky,  and  Tennessee,  approximately  parallel 
with  the  Appalachian  chain.    In  two  districts  within  this  broad  flat  wave  of  the  strata,  the  Lower  Paleozoic  rocks  are 
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lifted  to  the  day,  and  made  visible  by  denudation.  In  one  of  these  tracts,  having  Cincinnati  for  its  centre,  the  Matinal 
beds,  forming  a  large,  elliptical,  dome-shaped  outcrop,  are  overlaid  by  the  Scalent  or  Niagara  group,  containing,  amid 
its  own  appropriate  fossils,  two  or  three  species  distinctive  of  the  Surgent  or  Clinton,  though  no  true  Surgent  sediments 
are  recognisable.  A  similar  omission  of  the  lowest  of  the  Middle  Palfcozoic  formations  occurs  around  the  anticlinal 
area  of  Middle  Tennessee,  along  the  E.  side  of  which  there  is  neither  Levant,  Surgent,  Scalent,  nor  Pre-meridiau 
deposit — in  other  words,  no  true  Silurian  formation  whatsoever  intervening  between  the  Matinal,  or  uppermost  of 
the  older  Palaeozoic  or  Cambrian  formations,  and  the  Cadent  black-slate,  the  lowest  W.  representative  of  the  European 
Devonian  strata.  But  along  the  N.  and  W.  margin  of  this  tract  there  does  occur  a  thin  layer  of  Scalent  (Niagara) 
limestone,  containing  one  or  two  Clinton  and  Lower  Helderberg  fossils ;  and  this  is  the  only  deposit  of  a  middle 
Palaeozoic  age  which  appears  in  the  wide  break  between  the  lower  and  upper  masses  along  this  W.  anticlinal  uplift  of 
the  formations. 

The  same  inferences  are  deducible  from  the  absence  of  the  earlier  Middle  Palajozoic  formations  in  this  zone  as 
have  been  already  drawn  from  their  non-existence  along  the  Northern  side  of  the  basin ;  namely,  that  the  sea-bottom 
was  upraised  into  dry  land  over  all  this  area  at  the  close  of  the  Matinal  period,  and  not  fully  submerged  again  until 
the  age  of  the  Scalent  or  Niagara  limestone  had  arrived. 

A  stiU  more  extensive  area  of  elevation  of  the  Matinal  sea-bed  is  discernible  to  the  W.  of  the  zone  just  described, 
in  a  long  chain  of  exposures  of  the  older  rocks,  stretching  from  Lake  Superior  by  the  valley  of  the  Mississippi  through 
Southern  Missoui-i  and  Northern  Arkansas,  and  the  Washita  Hills,  to  the  igneous  axis  of  the  Rio  Colorado  in  Texas. 
In  this  long  chain  of  partially  independent  axes  of  elevation,  observing  the  same  N.E.  and  S.W.  trend  which  charac- 
terises the  Appalachians,  the  undulations  are  fewer,  more  depressed,  and  less  continuous  than  those  of  that  mountain 
system.  The  largest  areas  of  the  older  rocks  within  this  zone  are  that  of  Northern  and  Middle  Wisconsin,  and  that  of 
Eastern  ^lissouri,  in  both  of  which  the  undulations  of  the  crust  appear  to  observe  a  general  N.E.  and  S.W.  trend,  or 
to  be  in  parallelism  with  those  of  the  Appalachian  chain.  Other  flexures  aftect  the  carboniferous  strata  of  the  coal-fields 
E.  and  W.  of  the  Mississippi ;  but  those  which  are  of  a  later  origin  appear  to  possess  in  the  main  a  N.W.  and  S.E. 
direction,  or  to  conform  rather  to  the  lines  of  elevations  and  imdulations  of  the  Rocky  Mountains. 

The  same  great  break  or  interruption  in  the  series  of  the  sedimentary  formations,  at  the  upper  limit  of  the  Lower 
Palaeozoic  strata,  is  visible  around  these  several  Western  areas  of  elevation.  In  some  districts,  only  a  few  of  the  lowest 
formations  of  the  Middle  Palaeozoic  series  are  wanting.  In  other  tracts  there  is  no  trace  of  any  true  Silurian  rock,  and 
even  the  lower  members  of  the  LTpper  Palaeozoic  series — that  is  to  say,  the  equivalents  of  some  of  the  European  De- 
vonian— are  also  absent.  Thus  a  very  common  case  of  superposition  is  that  of  the  Vergeut  or  Chemung  formation, 
resting  with  a  gentle  inclination  upon  equally  gently-dipping  beds  of  the  Auroral  or  Matinal  series  ;  in  Missouri,  most 
generally  on  the  Auroral  limestones.  In  not  a  few  sections  in  Missouri,  there  is  an  almost  perfect  parallelism  between 
the  upper  and  lower  formations,  notwithstanding  the  omisson  of  several  important  formations  of  the  middle  period. 

According  to  the  geological  survey  of  Dr  Owen,  and  the  later  researches  conducted  by  Professor  Swallow,  there  is 
a  wide  irregular  tract  of  the  older  Palaeozoic  rocks — Matinal  and  Auroral — extending  along  the  Missouri  River  from 
Moniteau  County  to  St  Charles  County,  and  Northward  from  the  Missouri  to  Salt  River  of  the  tapper  Mississippi ;  and 
the  late  investigations  imder  Professor  Swallow  show  that  this  area  of  the  older  Palaeozoics,  or  so-called  lower  Silurian 
rocks,  embraces  nearly  all  the  counties  of  the  State  soutli  of  the  Missouri  River,  excepting  a  Western  belt  occupied  by  the 
carboniferous  limestone  and  Coal-measures.  His  map  and  sections  prove,  moreover,  that  all  along  the  irregular  N.W. 
border  of  this  ancient  area,  the  Vergent  (Middle  Devonian)  strata  repose  with  parallelism,  but  with  interruption  of 
sequence,  upon  either  the  Matinal  or  Auroral  limestones.  There  is  reason  to  believe  that  a  similar  structural  condition 
prevails  still  farther  to  the  S.W.  In  many  localities  the  Vergent  formation — called  in  Missouri  the  Choteau  Limestone 
— is  a  thin  and  obscm*e  stratum,  and  there  the  carboniferous  limestone  appears  to  overlie  the  limestones  of  the  older 
Palaeozoic  series  ;  but  the  true  extent  of  the  hiatus  is  that  of  all  the  middle  and  upper  Palaeozoic  formations  from  the 
bottom  of  the  Levant  to  the  base  of  the  Vergent. 

From  these  statements  it  is  obvious  that,  throughout  at  least  a  large  area  of  this  Western  anticlinal  zone,  the 
sea-bottom  was  elevated  into  dry  land  at  the  end  of  the  Matinal  period,  as  it  was  so  extensively  in  other  quarters  ;  but 
it  appears  to  have  remained  thus  uncovered  for  a  longer  interval,  or  during  the  lapse  of  a  greater  number  of  forma- 
tions, than  in  the  tracts  farther  E.  In  some  districts  of  the  Appalachian  chain  the  uplifting  of  the  Matinal 
sea-bed  was  followed  immediately  by  its  re-immersion  ;  W.  of  the  mountains,  in  the  district  of  Lake  Ontario,  the 
re-entering  of  the  waters  for  the  deposition  of  new  sediments  did  not  begin  till  the  latter  part  of  the  Levant  period 
(Medina).  Still  farther  W.  of  the  chain,  or  beyond  Lake  Hiu-on,  and  in  the  wide  uplift  of  Ohio  and  Middle  Tennessee, 
the  re-immersion  did  not  take  place  till  the  Scalent  or  Niagara  age,  and  then  only  partially  ;  and  here,  in  the  farthest 
exposed  tract  of  all  in  the  meridian  of  Missouri,  the  return  of  the  waters  was  postponed  until  the  period  of  the  Vergent 
sediments,  or  the  middle  epoch  of  the  Devonian  ages.  We  may  regard  tliis  Middle  Palasozoic  or  Silurian  sea  as  a  wide 
mediterranean,  covering  those  portions  of  the  crust  which  are  now  occupied  by  the  Northern,  Middle,  and  North- 
western Atlantic  States,  gradually  shifting  its  borders  and  encroaching  Westward  for  the  production  of  successive 
formations  ;  but  it  was  by  no  means  coextensive  with  the  broader  ocean  of  the  three  earlier  scries  of  formations,  the 
upheaval  of  whose  extensive  bed  at  the  close  of  the  Matinal  ages  conferred  upon  it  its  own  more  restricted  shores. 
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PAL^ONTOLOGICAL  BREAK  AT  THE  END  OF  THE  MATINAL  PERIOD. 
By  far  the  most  complete  interruption  in  the  life  of  the  Palajozoic  waters,  within  the  limits  of  the  Appalachian 
sea,  was  that  which  occurred  at  the  close  of  the  j\Iatiual  period.  It  amounted  apparently  to  the  extinction  of  all  the 
organised  existences,  both  plants  and  animals,  of  which  any  relics  have  been  preserved  to  us.  Out  of  more  than  400 
species,  now  known  as  entombed  in  the  lower  Palseozoic  rocks  of  the  United  States,  not  more  than  two  or  three — and  of 
these  there  is  a  doubt — survived  the  convulsions  which  closed  the  Matinal  period,  and  ushered  in  the  conditions  which 
witnessed  the  deposition  of  the  Middle  Palseozoic  formations.  Every  one  of  the  few  specimens  of  the  two  or  three  dubious 
species  alluded  to  were  found  in  so  worn  and  injured  a  state  as  to  suggest  that  they  had  been  washed  out  of  the  Matinal 
strata,  and  may  not  have  lived  in  any  later  waters.  With  the  exception  of  these,  every  fossil  preserved  in  the  deposits 
overlying  the  Matinal  are  specifically  distinct  from  their  predecessors,  and,  according  to  Mr  Hall,  those  from  the 
Middle  Palaeozoic  rocks,  or  from  the  Medina,  Clinton,  Niagara,  Coralline,  and  Onondaga  salt  gi-oups  of  Xew  York, 
numbered  in  1853  nearly  350,  to  which  we  may  add  more  than  200  additional  species  from  the  lower  Helderberg  or 
Pre-meridian  series,  making  in  all  about  550  Silurian  forms  unlike  any  characteristic  of  the  strata  below  the  gi-eat 
break. 

DEPOSITION  AND  DISTURBANCES  OF  THE  LEVANT  PERIOD. 
The  conditions  under  which  the  three  members  of  the  Levant  series  were  deposited,  were  evidently  pecidiar  for 
each.  The  Levant  grey  sandstone  (Oneida  conglomerate  of  New  York),  more  or  less  pebbly  in  its  lower  beds,  and 
growing  less  and  less  coarse  as  we  trace  it  W.  across  the  Appalachian  chain,  appears  to  have  been  deposited  upon 
the  newly-established  bed  of  the  ocean  by  the  currents  produced  by  the  last  of  the  train  of  agitations  which  had 
just  previously  terminated  the  Matinal  deposits,  and  shifted  the  relations  of  the  waters  to  the  land.  We  have  already 
inferred  that  the  cun-ents  which  strewed  its  materials  moved  from  the  E.  and  N.E.  This  formation,  more  than  500 
feet  thick  in  some  parts  of  the  Appalachian  chain,  dwindles  to  nothing  vmder  the  great  coal-basin  W.  of  the  moun- 
tains, indicating  that  the  waters  did  not  cover  the  great  anticlinal  zone  of  the  older  Palaeozoic  rocks  of  Ohio  and 
Middle  Tennessee. 

The  Levant  red  sandstone  (Medina  red  shale  of  New  York)  fills  an  area  lying  somewhat  W.  of  that  of  the 
grey  sandstone  under  it.  Its  E.  margin  does  not  reach  the  border  of  the  great  Appalachian  valley,  where  the  other 
is  in  full  force.  Expanding  to  a  thickness  of  1000  feet  before  it  dives  under  the  great  coal-field,  it  yet  fails  to 
reach  the  anticlinal  of  Ohio  and  Tennessee ;  and  its  true  W.  limit  is  therefore  unknown,  except  along  the  N.  border 
of  the  basin,  where,  as  already  hinted,  it  stretches  almost  as  far  W.  as  the  Straits  of  Mackinac.  The  epoch  of  this  deposit 
was  obviously  marked  by  much  greater  tranquillity  in  the  waters  than  those  of  the  strata  above  and  beneath  it.  In 
Western  New  York,  and  other  districts,  where  the  conditions  attending  its  deposition  were  comparatively  quiet,  its 
materials  are  chiefly  those  of  a  finely-comminuted  red  marl  or  calcareous  red  clay,  and  it  contains  a  few  organic 
remains  ;  but  in  Pennsylvania,  and  throughout  the  Appalachian  chain,  it  is  a  coarser  and  more  sandy  rock,  and  is 
almost  wholly  destitute  of  fossils.  It  is  not  easy  to  say  from  which  quarter  the  supply  of  this  sheet  of  sediment  was 
derived,  though  the  indications  are  that  the  source  was  the  N.E. 

The  Levant  white  sandstone,  also  a  part  of  the  Medina  group  of  New  York,  consisting  of  white  sandstones  and 
olive-coloured  and  reddish  slates  in  complex  alternation,  though  a  conspicuous  member  of  the  series  in  the  Appala- 
chian Mountains,  evidently  ceases,  like  the  others,  under  the  great  coal-field.  Along  the  N.  side  of  the  basin  it 
reaches  W.  beyond  Lake  Ontario,  becoming,  however,  very  thin.  Its  upper  layers  contain  in  New  York,  where  its 
chief  sandstone  member  is  known  as  the  Medina  Sandstone,  several  characteristic  fossils.  Some  of  these,  particu- 
larly the  marine  plants,  characterise  the  rock  throughout  its  whole  range  from  Pennsylvania  to  the  S.  border  of 
Tennessee.  In  the  Appalachians,  the  dominant  member  of  this  group  is  a  fine-grained  yellowish-white  sandstone,  in 
some  localities  almost  snowy  white.  Neither  this  rock,  which  belongs  to  the  lower  half  of  the  formation,  nor  the 
slates  and  grey  sandstones  above  it,  appear  to  extend  as  far  to  the  W.  in  the  region  of  the  lakes  as  the  Levant  red 
shale  beneath  it. 

A  striking  feature  of  all  these  strata  forming  the  Levant  series,  is  their  general  poverty  in  organic  remains.  It 
would  seem  as  if  the  ocean  had  not  resumed,  during  their  deposition,  a  state  sufiiciently  favourable  for  living  beings, 
after  the  excessive  turmoil  it  had  undergone  at  the  close  of  the  preceding  Matinal  period.  Possibly  the  newly-established 
climatal  conditions  of  the  waters  were  unfavourable  to  life ;  possibly  the  Levant  sea  of  the  Appalachian  region  was 
too  much  insulated  from  the  general  ocean  of  the  globe  for  the  introduction  by  colonisation  of  the  species  already 
created  and  flourishing  in  other  quarters  ;  possibly  time  enough  had  not  yet  elapsed,  after  the  almost  total  extinction 
which  marine  life  had  undergone,  for  the  repeopling  of  this  insulated  sea. 

The  disturbances  of  the  crust,  and  the  consequent  revolutions  of  the  physical  geography  in  the  Levant  period,  though 
important,  were  manifestly  of  less  magnitude  than  some  of  those  of  an  earlier  date  ;  they  were,  however,  sufiiciently 
great  to  produce  entire  alterations  in  the  nature  of  the  sediments,  and  essential  changes  in  the  limits  to  which  these 
sediments  were  wafted  :  we  are  entitled  to  infer,  indeed,  from  the  superior  Westward  distribution  of  the  later  over  the 
earlier  members  of  this  series,  that,  as  the  deposition  proceeded,  the  commotions  of  the  crust  resulted  in  a  constantly- 
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increasing  extension  of  the  Levant  waters  in  that  direction,  or,  in  other  words,  a  progressive  subsidence  of  the  pre- 
viously-uplifted Matinal  shores. 

DEPOSITION  AND  DISTURBANCES  OP  THE  SUKGENT  SEEIES. 

The  physical  circumstances  attending  the  sedimentation  of  the  very  complicated  group  of  deposits  we  have  called 
the  Surgent  series,  were  manifestly  very  fluctuating.  The  seven  formations  or  sub-groups  of  beds  composing  it  were 
deposited  in  the  region  of  the  Appalachian  chain  during  a  long  period  of  alternating  conditions  of  the  waters ;  the 
Surgent  lower  slate,  Surgent  upper  slate,  Surgent  lower  shale,  and  Surgent  upper  shale,  being  all  precipitated  from 
gently-moving  water,  which  accumulated  them  towards  the  N.W.  side  of  the  mountain-zone ;  the  Surgent  red  shale 
accumulating  most  to  the  S.E.,  and  the  two  sandstones,  the  Surgent  Iron-sandstone  and  Surgent  Ore-sandstone,  by 
swifter  currents  dispersing  their  materials  widely,  but  laying  them  down  more  irregularly. 

Though  none  of  the  deposits  of  the  Surgent  series  reached  the  anticlinal  uplift  of  Ohio  and  Middle  Tennessee, 
they  seem  to  have  gained  the  meridian  of  Lake  Huron,  where  probably  the  waters  of  the  period  possessed  a  wider 
Westward  diff'usion. 

The  statement  already  made,  that  the  next  later  formation,  the  Scalent  (Niagara)  limestone,  bordering  the  dome- 
shaped  Matinal  rocks  in  Southern  Ohio,  though  not  underlaid  by  any  Levant  sediments,  contains  two  or  three  Levant 
fossils  mingled  with  its  own  proper  species,  suggests  as  a  probability  that  the  Levant  waters  could  not  have  been  far 
distant  at  the  beginning  of  the  Scalent  formation,  though  it  must  be  confessed  we  are  not  in  a  position  to  argue  critically 
from  phenomena  of  this  soi't,  until  we  know  more  than  we  do  concerning  the  rate  at  which  species  extend  or  colonise 
themselves  from  one  geographical  habitat  to  another. 

The  Sm'gent  period  seems  to  have  been  one  marked  by  no  violent  commotion  within  the  Appalachian  area.  The 
series  is,  indeed,  singularly  destitute  of  deposits  implying  any  violent  action  of  the  waters,  being,  with  the  exception 
of  its  two  sandstones,  composed  almost  entirely  of  finely-comminuted  material,  such  as  denote  only  very  quiescent 
currents.  It  appears  to  have  been  ushered  in  most  gently,  for  the  transition  from  the  antecedent  Levant  slates  to  the 
slates  of  this  epoch  is  almost  imperceptible.  It  will  appear  presently  that  the  passage  from  the  deposition  of  the 
Surgent  rocks  to  that  of  the  succeeding  Scalent  formation,  was,  if  possible,  even  more  gradual,  being  attended  by  simply  a 
gradual  change  in  the  sedimentation,  and  a  slow  successive  dying-out  of  certain  forms  of  life,  with  a  quiet  introduction 
of  new  forms  to  replace  them. 

DEPOSITION  AND  DISTURBANCES  OF  THE  SCALENT  SEEIES. 

The  Scalent  (Niagara)  deposits,  consisting  of  variegated  marls  and  grey  marls  surmounted  by  limestone,  exhibit 
a  more  decidedly  Western  development  than  the  two  preceding  groups.  The  variegated  and  grey  marls,  thick,  but 
not  very  persistent,  in  Pennsylvania,  follow  the  Appalachian  chain  far  to  the  S.W.  in  Virginia,  and  their  limestone 
(the  water-lime  of  New  York)  is  also  very  generally  met  with  ;  but  the  Scalent  limestone  (Niagara)  is  hardly  to  be 
met  with  in  the  mountains  S.W.  of  its  N.  outcrop  in  New  York.  On  the  other  hand,  the  marl-groups  cease  ere 
we  reach  the  .uplift  of  the  strata  in  Middle  Tennessee,  while  both  they  and  the  Scalent  limestone  spread  far  to  the  W. 
in  more  Northern  latitudes.  It  has  been  already  stated  that  the  limestone  (Niagara)  is  imperfectly  developed  around 
the  Matinal  areas  of  Ohio  and  Middle  Tennessee ;  indeed,  it  there  appears  to  constitute  the  first  independent  formation 
deposited  after  the  elevation  of  the  older  Palteozoic  rocks.  It  appears  to  be  present  too,  though  thin,  in  some  localities 
in  contact  with  these  older  formations  in  Missouri.  But  along  the  N.  border  of  the  basin,  this  limestone,  and 
the  shale  which  accompanies  it,  stretches  continuously,  from  the  Helderberg  Mountain  in  New  York,  the  whole  way 
past  the  Lawrentian  lakes  and  across  the  j\Iississippi  nearly  to  the  Missouri,  where  it  is  overlapped  and  hid  under  the 
cretaceous  basin  of  Nebraska.  From  these  statements  it  is  obvious  that  the  waters  of  the  later  ages  of  the  Scalent 
period,  charged  with  their  clayey  sediments,  wafted  these  in  greatest  abimdance  to  the  zone  which  afterwards  became 
the  Appalachian  chain,  not  conveying  them  to  the  region  of  Middle  Tennessee,  whereas  those  of  the  earlier  or 
limestone  age  precipitated  their  calcareous  matter  far  more  widely  towards  the  W.,  and  in  greatest  abundance  towards 
the  N.,  or  rather  the  N.W. 

The  finely-comminuted  condition  of  all  the  deposits  of  this  series,  and  the  great  profusion  of  organic  remains 
entombed  in  its  once  pulpy  sediments  of  clay  and  carbonate  of  lime,  and  the  wide  uniform  sheets  into  which  these 
sediments  were  dispersed,  all  go  to  prove  that  the  period  was  one  of  extremely  quiet  and  uninterrupted  aqueous  and  vital 
action.  We  have  seen  already  that  the  passage  strata  between  the  base  of  this  series  and  the  top  of  the  Surgent  series 
subjacent  to  it,  betoken  an  extremely  gentle  transition  from  the  one  formation  to  the  other,  there  being,  indeed,  no 
sharp  line  of  demarcation  to  separate  either  the  mineral  materials  or  the  organic  forms  of  the  red  marls  of  the  Sm-gent 
group  from  the  variegated  and  gi'ey  marls  of  the  Scalent  series  before  us.  We  shall  hereafter  witness  a  similar  gentle- 
ness of  gradation,  implying  a  similar  absence  of  disturbance  at  the  upper  limit  of  the  series,  or  that  which  divides  it 
from  the  overlying  shales  and  limestone  of  the  Pre-meridian  or  lower  Helderberg  group. 

It  is  not  easy  to  speculate  as  to  the  features  of  the  physical  geography,  and  the  aqueous  conditions  which  attended 
the  precipitation  of  the  Niagara  or  upper  Scalent  limestone.    It  is  easy  enough  to  account  for  the  clayey  sediments  of 
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the  overlying  saliferous  shales,  as  we  may  readily  conceive,  from  what  has  been  sketched  above,  that  the  Appalachian 
sea  of  the  period  must  have  been  bordered  by  very  wide  tracts  of  the  yet  imperfectly-consolidated  clayey  strata,  those 
of  the  Primal  and  Matinal  slates  and  shales  converted  into  dry  land  at  the  period  of  crust-disturbance  which  preceded 
the  i\Iiddle  Palaeozoic  or  Silurian  formations.  The  repleteness  of  the  waters  in  marine  organisms,  mollusca,  corals,  ifec, 
adapted  to  the  secretion  of  carbonate  of  lime,  suggests  that  they  must  have  been  charged  with  an  abundance  of 
this  substance  ;  and  we  may  imagine  a  ready  source  for  it  in  the  broad  tracts  of  Auroral  and  Matinal  limestone  sedi- 
ments raised  into  dry  land  at  the  close  of  the  Matinal  period,  the  atmospheric  waters  dissolving  this  mineral  substance, 
and  conveying  it  to  the  sea.  Perhaps  the  view  of  the  origin  of  the  limestone  most  consistent  with  sound  chemical  and 
zoological  science  is  this,  that  the  shore  or  margin  of  the  Appalachian  sea  of  the  time,  and  all  its  shoals  and  islands, 
were  widely  fringed  with  a  growth  of  lime-secreting  corals  and  broad  beds  or  colonies  of  shell-fish ;  and  that  large 
quantities  of  carbonate  of  lime  and  other  constituents  of  the  limestone  were  poured  in  among  these  stone-producing 
animals,  by  streams  flowing  off  from  the  wide  upraised  plains  of  the  older  Palteozoic  limestone.  It  is  difficult  to  conceive 
that  the  whole  of  this  broad  fossiliferous  stratum,  abounding  though  it  does  in  stony  corals,  was  a  coral  reef  in  the 
true  sense  of  that  term,  for  the  stratum  is  too  wide,  being,  in  fact,  coextensive  with  almost  the  entire  Northern  half  of 
the  Pala3ozoic  basin  W.  of  the  Appalachian  chain  :  the  composition  of  the  rock  suggests,  moreover,  an  influx  of  too 
much  material  from  the  land  to  be  comjiatible  with  the  simple  reef  hypothesis. 

DEPOSITION  AND  DISTURBANCES  OF  THE  PEE-IVIERIDIAN^  SERIES. 

This  latest  or  uppermost  representative  of  the  European  Silurian  rocks  maintains  itself  throughout  the  Appala- 
chian chain,  with  a  thickness  fluctuating  from  zero  to  250  feet,  ranging  from  Xew  York  to  the  Southern  States  ;  but 
it  seems  to  extend  to  only  a  comparatively  limited  distance  N.W.  of  the  mountains.  Its  chief  member,  the  Lower  Hel- 
derberg  limestone,  does  not  reach  "Western  New  York,  nor  is  it  discernible  in  the  anticlinal  belt  of  Middle  Tennessee, 
where  it  should  appear  if  it  had  been  deposited  so  far  to  the  W.  It  was  evidently  formed  in  a  basin  occupying  the 
existing  site  of  the  S.  half  of  the  Appalachian  chain,  having  its  S.E.  margin  near  the  Appalachian  valley,  towards 
which  the  deposit  thins  to  nothing,  and  itg  W.  limit  E.  of  Lake  Ontario  and  the  upraised  Matinal  areas  of  Ohio  and 
Middle  Tennessee.  This  slender  shallow  arm  or  strait  of  the  Silurian  sea  was  evidently,  especially  towards  the  N.,  of 
narrower  E.  and  W.  dimensions  than  the  area  occupied  by  the  waters  in  the  preceding  periods.  It  was  bounded,  no 
doubt,  both  S.E.  and  N.W.,  by  the  uplifted  tracts  of  the  older  Palseozoic  deposits ;  and  we  may  imagine  that  the 
restriction  which  the  basin  underwent  in  the  Pre-meridian  period  was  due  to  a  moderate  elevation  of  the  crust  in  the 
previously  upraised  anticlinal  zone,  traceable  from  the  W.  end  of  Lake  Erie  to  Western  Ohio,  and  Middle  Kentucky 
and  Tennessee.  The  coming  in  of  this  formation  seems  not  to  have  been  marked  by  any  great  paroxysmal  movement, 
though  the  transition  between  its  organic  remains  and  those  of  the  preceding  deposits  shows  a  great  i-evolution  in  the 
conditions  aftecting  marine  life,  this  formation  being  very  prolifie  in  organic  remains,  not  less  than  200  species  of  which 
have  been  discovered  in  New  York.  The  close  of  the  formation  betokens  a  very  general  disturbance  of  the  waters, 
cutting  off"  nearly  all  the  living  inhabitants,  suspending  the  calcareous  deposit,  and  strewing  the  shifted  sea-bed  with 
coarse  silicious  sand,  to  the  production  of  a  new  formation.    To  this  we  next  proceed. 

DEPOSITION  AND  DISTURBANCES  OF  THE  MERIDIAN  SERIES. 

This  well-characterised  sandstone,  deemed  by  palajontologists  to  be  the  lowest  or  oldest  representative  of  the 
European  Devonian  formations,  is  almost  as  much  restricted  as  the  Pre-meridian  limestone  upon  which  it  reposes,  to 
the  Appalachian  chain,  and  the  zone  immediately  W.  of  it.  It  does  not  reach  the  anticlinal  uplift  of  the  strata  AY.  of 
the  great  coal-field,  but  merely  spreads  itself  in  a  very  attenuated  stratum  as  far  along  its  N.  outcrop  as  Western  New 
York.  To  the  S.W.  it  occurs  in  the  mountains  at  least  as  far  as  Eastern  Tennessee.  Its  greatest  thickness  is  about 
200  feet,  but  it  fluctuates  much  in  size ;  and  among  the  E.  outcrops  of  the  strata  in  the  Appalachians,  it  is  sometimes 
wholly  wanting.  From  these  and  other  circumstances  we  may  infer  that  this  formation  was  deposited  in  nearly  the 
same  basin  or  trough  of  the  waters  as  that  which  received  the  Pre-meridian  limestone,  after  a  disturbance  had  taken 
place,  however,  in  the  sea-bottom,  and  a  corresponding  change  in  their  shores,  especially  their  N.  ones,  and  after  an 
equally  momentous  change  had  arisen  in  the  state  of  the  waters  themselves,  which  were  previously  quiescent  and 
charged  with  calcareous  matter,  but  had  now  become  agitated  with  currents,  and  tm-bid  with  a  profusion  of  floating 
sand. 

The  more  than  200  species  of  creatures  living  in  the  Pre-meridian  sea  were  all  cut  off"  by  the  changes  which 
ushered  in  this  deposit,  and  a  few  new  organisms  of  pecidiar  type  assumed  their  place.  The  uncongenial  nature  of 
the  sediment,  and  probably  the  unsteady  condition  of  the  medium  by  which  they  lived,  prevented  these  from  being 
either  numerous  in  species  or  populous  in  individuals.  A  still  greater  revolution  in  the  physical  geography  than  that 
which  brought  in  this  ^Meridian  deposit,  wholly  subverted  it,  and  gave  place  to  a  new  condition  of  the  sea,  productive 
of  a  calcareous  sediment  of  altogether  wider  dimensions. 
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DEPOSITION  AND  DISTUEBANCES  OP  THE  POST-MEEIDIAN  SERIES. 

The  Post-meridian  deposits,  called  in  New  York  the  Upper  Ilelderberg  group,  have  a  very  restricted  E.  outcrop, 
their  range  along  the  Appalachians  extending  no  farther  than  from  the  base  of  the  Catskill  Mountain  to  the  Lehigh 
River  ;  but  they  have  a  very  extended  N.  one,  stretching  from  the  Hudson  westward  to  Lake  Erie,  and  thence  N.W. 
to  Lake  Michigan  ;  Southward  to  Middle  Tennessee,  and  Westward  through  Northern  Ohio,  Indiana,  and  Illinois,  and 
thence  through  Northern  Iowa  even  to  the  Missouri  River.  Though  thin  towards  the  E.,  the  formation  acquires  in  the 
W.  a  maximum  thickness  of  350  feet.  It  encompasses  the  dome-shaped  anticlinal  area  of  the  older  Palseozoic  rocks  in 
Ohio  and  Kentucky,  and  just  reaches  the  N.  verge  of  that  of  Middle  Tennessee.  Farther  W.,  its  most  Southern  visible 
outcrops  are  in  Eastern  Missouri,  where  its  maximum  thickness  does  not  exceed  75  feet. 

This  widely-distributed  calcareous  formation,  distinguishable  from  both  the  underlying  and  overlying  deposits  by 
sixty  or  more  known  species  of  interesting  fossils,  appears  to  have  been  formed  in  a  wide  basin  which  had  its  S.E. 
shore  under  the  great  Appalachian  coal-field,  and  its  N.  one  nearly  coincident  with  the  Lawrentian  lakes  as  far  as  the 
Straits  of  Mackinac.  We  may  presume  that  its  materials  were  deri  ved  from  the  same  sources  which  furnished  those  of 
the  great  Scalent  (Niagara)  limestone,  upon  which,  in  the  Western  States,  it  very  generally  reposes.  The  branch  of 
the  Palteozoic  sea,  or  wide  marine  trough  in  which  this  very  fossiliferous  limestone  was  collected,  must  have  possessed 
very  different  limits  and  dissimilar  configuration  from  those  which  were  the  receptacles  of  the  two  preceding  deposits. 
Indeed,  all  the  formations,  from  the  Levant  to  the  Meridian  sediments  inclusive,  excepting  the  great  Scalent  (Niagara) 
limestone,  were  evidently  accumulated  in  a  sheet  of  water  extending  far,  from  N.E.  to  S.W.,  but  comparatively  narrow 
in  an  E.  and  W.  direction  ;  whereas  this  far  broader  formation  was  spread  over  a  sea-bed,  longest  from  E.  to  W.,  and 
of  a  N.  and  S.  expansion  equal  to  the  length  of  the  other. 

A  glance  at  the  Geological  Map  of  the  uited  States  enables  one  to  discern,  in  this  contrast  between  the  bounda- 
ries of  the  Post-meridian  limestone  and  those  of  the  formations  beneath  it,  the  magnitude  of  the  change  in  a  distribution 
of  land  and  water  which  must  have  occm'red  at  the  close  of  the  Meridian  period.  It  amounted  probably  to  a  submer- 
sion of  the  whole  broad  area  which  intervened  between  the  anticlinal  zone  of  Ohio  and  Middle  Tennessee  and  the  W. 
visible  limits  of  the  Palseozoic  strata.  So  prodigious  a  revolution  in  the  area  of  the  waters,  implies  a  very  broad  or 
diffused  sinking  of  the  lands  upraised  at  the  end  of  the  Matinal  and  later  epochs.  The  phenomena  do  not  imply,  however, 
that  this  subsidence  of  the  crust  was  paroxysmal  or  very  sudden  ;  for  though  the  base  of  the  formation  consists,  espe- 
cially Eastward,  of  argillaceous  grits,  indicative  of  some  commotion  in  the  yet  shallow  waters,  the  prevailing  presence 
of  a  very  pure  limestone,  with  numerous  organic  remains  of  structures  incompatible  with  a  turbulent  medium,  intimates 
very  plainly  that  the  deijosit  took  place  during  a  protracted  period  of  repose,  ushered  in  by  no  convulsive  heavings  of 
the  crust,  but  by  a  gentle  and  gradual  depression  of  the  surface.  The  termination  of  the  deposit  was  effected,  however, 
more  abruptly,  as  will  be  better  understood  when  we  have  passed  in  review  the  physical  geography  of  the  next  suc- 
ceeding or  Cadent  series. 

Nearly  100  species  of  marine  organic  remains  have  been  already  recognised  in  this  formation,  and  none  of  them 
are  specifically  identical  with  the  forms  recovered  from  the  Meridian  or  yet  older  strata.  Notwithstanding  this  insu- 
lation or  exclusive  character  of  its  fossils,  it  is  a  curious  fact  that  several  of  its  forms  resemble  closely  those  of  the 
upper  Silurian  rocks  of  Europe,  especially  the  Ludlow  strata  of  England.  It  would  seem  as  if  these  Transatlantic 
species  had  somehow  survived  the  convulsions  which  exterminated  them  in  the  European  part  of  the  Palajozoic  ocean, 
in  the  end  of  the  Ludlow  or  Silurian  ages,  to  colonise  the  waters  of  the  American  branch  of  that  sea  in  the  later  epoch 
of  this  Post-meridian  period,  which,  by  the  aspect  of  all  its  other  fossils,  is  of  true  Devonian  and  not  Silurian  date. 

DEPOSITIONS  AND  DISTURBANCES  OF  THE  CADENT  SERIES. 
The  deposits  of  the  Cadent  series  resemble  none  of  the  formations  which  preceded  them,  except  the  Matinal. 
Like  these,  they  consist  of  fissile  black  carbonaceous  slates,  and  of  olive-coloured  and  bluish  more  or  less  sandy  shales. 
They  are  also  almost  commensurate  with  that  series  in  their  geographical  distribution,  following  the  Appalachian 
chain  from  New  York  to  East  Tennessee,  and  extending  from  the  Hudson  lliver  to  an  immense  distance  W.  and  N.W. 
through  the  continent.  Towards  the  N.E.  they  appear  to  enclose  the  coal-field  of  New  Brunswick.  Judging  from  the 
composition  and  contents  of  the  formation — which,  it  will  be  recollected,  comprises  three  chief  members,  two  bituminous 
black  slates  and  an  interposed  shale — the  circumstances  under  which  these  sediments  were  formed  must  have  been 
peculiar.  The  Cadent  older  black  slate,  the  lowest  member  of  the  series,  reposing  immediately  upon  the  Post-meridian 
limestone,  could  hardly,  from  the  nature  of  its  materials  and  its  fossils,  have  been  a  deep-sea  or  mid-sea  deposit,  but  was 
apparently  accumulated  in  very  shallow  water,  over  a  vastly-expanded  and  very  level  plain.  It  contains,  mingled  with 
several  species  of  decidedly  marine  mollusca,  vestiges  of  a  vegetation  which  appears  to  have  been  air-breathing  or 
terrestrial ;  and  it  possesses,  moreover,  such  an  amount  of  bituminous  matter,  or,  more  truly,  such  a  quantity  of 
material  yielding  carburetted  hydrogen  gas,  as  to  give  us  the  impression  that  it  was  the  accumulation  of  a  very  widely- 
spread  sea-marsh  or  marine  savannah.  Early  in  the  progress  of  this  deposit,  the  surface  upon  which  it  was  forming 
must  have  undergone  a  wide  but  gentle  depression ;  for,  intercalated  low  down  in  the  black  slate,  there  occurs  a  band 
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of  marine  limestone  and  calcareous  carbonate  of  iron,  imbedding  organic  remains,  -which  imply  some  depth  of  oceanic 
waters. 

The  second  member  of  the  series,  the  olive-coloiired  and  blue  shale,  apparently  owes  its  origin  to  a  different  phy- 
sical geography.  It  seems  to  have  been  accumulated  in  deeper  and  less  sluggish  waters — to  be  the  result,  in  fact,  of 
wide-sweeping,  steady  currents,  charged  with  argillaceous  sediment,  sometimes  mingled  with  much  sand,  and  replete 
with  an  exclusively  marine  life.  Neither  this  middle  member,  nor  the  black  slate  supporting  it,  were  spread  very 
widely  to  the  W.  of  the  zone  now  occupied  by  the  Appalachian  chain. 

The  Cadent  upper  black  slate,  however,  or  a  member  of  the  series  answering  to  this  description,  is  very  widely 
distributed,  not  only  along  the  mountains,  but  as  far  W.  as  the  E.  verge  of  the  great  carboniferous  basin  of  Indiana 
and  Illinois.  Indeed,  upon  the  excellent  authority  of  Sir  John  Richardson,  a  rock,  identical  with  it  or  the  Cadent 
lower  black  slate,  occurs  far  in  the  interior  of  the  continent,  with  an  outcrop  ranging  in  a  N.W.  direction  through  the 
British  Territories,  even  to  the  Mackenzie  River.  Throughout  the  Appalachian  chain  and  in  Ohio,  this  upper  black 
slate  is  almost  the  exact  counterpart  of  the  lower  ;  indeed,  so  closely  alike  are  they,  even  in  their  organic  remains,  that 
some  doubt  still  exists  as  to  which  of  them  we  should  refer  the  black  slate  of  the  Western  States.  In  Pennsylvania, 
this  uppermost  Cadent  formation  contains  in  some  localities  well-preserved  remains  of  Lepidodendron,  one  of  the  well- 
known  fossil  plants  deemed  to  be  distinctive  of  the  Palaeozoic  coal-measures,  fragments  of  this  vegetation  abounding 
indeed  between  its  laminae.  The  deposit  is,  moreover,  almost  everywliere  more  or  less  bituminous,  yielding  petroleum 
on  distillation,  and  emitting  naturally  not  only  this  fluid,  but  much  carburetted  hydrogen  or  coal-gas.  Notwithstand- 
ing the  presence  of  a  few  marine  or  aquatic  organisms,  this  feature  seems  to  justify  the  hypothesis  we  have  above 
ventured  upon,  in  explanation  of  the  similarly-constituted  lower  black  slate  of  the  same  series.  I  deem  it  highly  pro- 
bable that  the  whole  deposit  was  once  the  muddy  floor  of  a  broad  sea-meadow  or  morass,  occupied  at  times  by  the 
ocean  tides,  and  sustaining,  at  least  in  its  drier  localities,  an  air-breathing  or  terrestrial  vegetation,  foreshadowing  in  its 
aspect  and  structure  that  of  the  coal-producing  savannahs  of  the  long-subsequent  carboniferous  ages. 

It  is  evident,  from  this  brief  sketch  of  the  conditions  of  deposition  of  the  Cadent  strata,  that  an  entire  revolution 
must  have  taken  place  in  the  physical  geography  of  the  Palieozoic  sea  at  the  close  of  the  Pre-meridian  period.  It  is 
not  difficult  to  perceive  that  this  change  was  connected  with  an  extensive  shallowing  of  the  waters,  and  with  an  oscilla- 
tion of  the  bed  of  the  sea  which  twice  brought  it,  at  least  over  very  wide  tracts,  almost  into  the  condition  of  dry  land. 
In  this  tendency  to  a  shoaling  up,  or  to  a  broad-diffused  rising  of  the  bed  and  shores  of  the  Appalachian  ocean,  in  the 
later  Palseozoic  times,  we  witness  the  beginning  of  that  interesting  train  of  oscillations  of  level  which  terminated  in  the 
gi-eat  coal-formation,  where  the  proofs  of  such  a  fluctuation  are  so  conspicuous.  As  we  proceed  in  our  sketch  of  what 
is  most  significant  among  the  phenomena  of  the  later  formations,  we  shall  discover  more  and  more  abundant  relics  of 
terrestrial  vegetable  life,  and  constantly-accumulating  evidences  of  this  frequently-recurring  oscillation  with  exposure 
to  the  atmosphere,  of  the  ancient  Devonian  and  Carboniferous  shores,  until  we  enter  the  coal  strata  themselves,  where 
every  coal-bed  is  a  monument  of  a  plane  at  the  sea-level,  supporting  its  rank  vegetation  partly  in  the  watei",  partly  in 
the  air. 

DEPOSITIONS  AND  DISTURBANCES  OF  THE  VERGENT  SERIES. 

The  state  of  things  prevailing  at  the  deposition  of  the  Vergent  series  (Chemimg  group)  would  appear  to  be  very 
different  from  those  productive  of  the  Cadent  black  slates,  but  somewhat  analogous  to  the  conditions  which  gave  birth 
to  the  Cadent  shales.  In  the  Appalachian  chain  the  foi'mation  comprises  two  members  :  a  lower  mass,  composed  of 
flagstones  parted  by  blue  shale,  and  abounding  in  the  marine  vegetation  called  Fucoides  ;  and  an  upper  mass,  con- 
sisting of  gi-ey  and  olive-coloured  shales  and  grey  sandstones,  replete  in  the  shaly  beds  with  marine  mollusca,  especially 
brachiopods.  Under  these  types  this  series  ranges  from  New  York  along  the  Appalachian  chain  to  Tennessee,  and  W. 
through  the  S.  side  of  New  York  to  Lake  Erie,  and  thence  S.W.,  skirting  the  great  xVppalachiau  coal-field  to  the  Ten- 
nessee River  in  Northern  Alabama.  From  Middle  Tennessee,  where  it  encompasses  the  older  formations  in  a  narrow 
tortuous  outcrop,  it  sweeps  N.  through  Kentucky,  and  thence  N.W,  along  the  E.  margin  of  the  second  great  coal-field 
to  Northern  Illinois,  where  it  thins  out  near  the  Dcsplaines  River  east  of  La  Salle.  The  formation  reappears  on  the  W. 
side  of  the  Illinois  coal-field,  and  ranges  in  a  slender  irregular  outcrop  in  a  S.W.  direction  centrally  across  the  State  of 
Missouri,  which  it  leaves  at  its  S.W.  corner  to  enter  the  Indian  territory.  At  this  its  most  Western  outcrop  the  rock 
wears  a  very  different  type  from  that  which  it  possesses  anywhere  E.  of  the  Illinois  coal-field.  The  lowest  member  is  a 
lithographic  limestone  about  60  feet  thick ;  the  middle  a  blue  shale  and  buft-coloured  argillo-calcareous  sandstone, 
containing  but  few  fossils,  except  Fucoides  or  sea-weeds,  and  usually  about  75  feet  thick  ;  and  the  highest  member,  a 
limestone,  magnesian  in  its  upper  division,  and  70  feet  thick  when  at  a  maximum.  Lithologically,  the  middle  member 
is  the  only  one  which  corresponds  to  the  E.  type  of  the  deposit,  and  it  is  probable  that  the  limestones  which  enclose  it 
are  independent  sub-formations  not  elsewhere  represented. 

Taking  a  wide  view  of  the  Vergent  series,  one  of  the  features  which  first  arrests  our  attention  is  the  amazing 
declension  in  thickness  which  the  whole  mass  undergoes  as  it  spreads  from  the  Appalachian  chain  to  Northern  Illinois 
and  Missouri,  declining  with  a  regular  gradation  from  a  diameter  of  nearly  5000  feet  to  one  of  200  feet  W.  of  the  Mis- 
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sissippi,  aud  thinning  to  nothing  S.W.  of  Lake  jMichigan.  This  gradual  declension  of  size  is  attended  with  a  gradual 
reduction  in  the  coarseness  of  the  whole  mass,  and  in  the  magnitude  and  frequency  of  the  arenaceous  beds — all  cir- 
cumstances which  go  to  indicate  that  the  E.  and  S.E.  was  the  quarter  whence  the  materials  were  derived.  A  confirma- 
tion of  this  view  is  to  be  found  in  the  less  littoral  or  more  purely  marine  character  of  all  divisions  of  the  mass  in  its 
extreme  W.  outcrop  in  Missouri.  One  of  the  most  surprising  features  of  the  formation  is  the  aspect  which  it  almost 
everywhere  presents  of  shallowness  in  the  depositing  waters.  One  intimation  of  this  is  the  constant  abundance  of 
certain  types  of  marine  vegetation,  such  as  could  hardly  flourish  in  a  deep  sea  ;  another  is  the  occasional  presence  of 
relics  of  a  terrestrial  flora,  especially  of  Lepidodendwn.  But  the  most  significant  signs  of  all  are  the  frequent  occur- 
rence of  ripple-marks,  and  the  glazed  surfaces  and  lines  of  trickle,  which  imply  extreme  shallowness  in  the  water,  and 
occasional  exposure  of  the  forming  sediments  to  the  atmosphere. 

It  is  obvious  that  the  waters  which  received  this  formation,  though  not  deep,  were  very  widely  distributed, 
spreading  Westward  even  beyond  the  limits  which  they  occupied  in  the  preceding  period,  during  the  deposition  of  the 
Cadeut  sediments.  I  tliink  we  are  entitled,  from  all  the  phenomena  of  the  Vergent  series,  to  conjecture  that  its  sea- 
basin  experienced,  throughout  at  least  its  Eastern  half,  a  gradual  progressive  subsidence  of  its  bed,  without  any  important 
paroxysmal  oscillations  during  the  accumulation  of  its  sediments,  aud  that  the  materials  for  these  were  swept  in,  under 
remarkably  uniform  conditions,  during  a  great  lapse  of  time.  The  beginning  of  the  Vergent  formation  was  not  sig- 
nalised by  any  vehement  crust-disturbance,  nor  do  we  witness  indications  of  any  violent  derangement  of  the  floor  of 
the  sea  at  the  close  of  the  period,  though  in  the  W.  portion  of  the  area  we  behold  a  break  in  the  succession  of  the  strata, 
or  a  conformable  interrupted  sequence,  of  much  importance,  implying  a  quiet  lifting-up  of  the  sea-bed  into  dry  land 
at  this  epoch.    The  proofs  of  this  will  appear  under  the  next  head. 

DEPOSITIOKS  AND  DISTUEBAN'CES  OF  THE  PONENT  SERIES. 
The  Ponent  series  (Catskill  Group  of  New  York),  the  uppermost  Red  Shale  and  Sandstone  formation,  except  the 
Umbral  series,  or  middle  member  of  the  Carboniferous  formations,  would  appear  to  be  an  exclusively  Eastern  or  Appala- 
chian deposit.  It  seems  to  attain  its  greatest  bulk  in  Pennsylvania,  where  its  thickness  exceeds  5000  feet.  It  gra- 
dually declines  in  size  toward  the  S.W.,  and  even  thins  away  in  Eastern  Tennessee.  In  a  transverse  direction  it 
abates  much  more  rapidly,  growing  thin  under  the  Alleghany  Mountain,  and  fining  off"  to  nothing  before  it  reaches  the 
Alleghany  River.  It  must  originally  have  spread  itself  far  E.  across  the  Appalachian  chain,  for  it  presents  its  fullest 
thickness  at  the  more  Eastern  outcrops  left  after  very  extensive  denudation.  Its  attenuated  W.  or  N.W.  margin  is  every- 
where under  the  great  Appalachian  coal-field.  Like  the  Levant,  and  some  of  the  earlier  formations  of  the  ]\Iiddle 
Palaeozoic  series,  this  thick  but  comparatively  restricted  deposit  seems  to  have  been  formed  in  a  branch  or  trough  of 
the  sea,  nearly  coincident  with  the  zone  now  occupied  by  the  Apj)alachian  Mountains,  and  part  of  the  great  coal-field 
W.  of  them,  and,  as  in  some  of  the  prior  instances,  the  land-derived  materials  were  probably  swept  into  this  slender 
basin  longitudinally,  entering  it  from  the  N.E.,  and  partially  from  the  E.  That  these  materials  were  dispersed  to  so 
limited  a  distance  W.  seems  best  explained  by  supposing  that  newly-uplifted  tracts  of  land,  composed  of  the  lately- 
deposited  Vergent  series,  lay  in  that  direction,  for  it  is  hard  to  understand,  if  the  waters  still  spread  to  the  W.,as  in 
the  Vergent  period,  why  these  Ponent  sediments,  quite  as  impalpable  and  buoyant  as  those  of  the  Vergent  shales,  floated 
so  short  a  distance ;  nor  can  we  comprehend  why,  if  they  ceased  from  expenditure  of  material,  the  waters  assumed  to 
extend  farther  West  did  not  precipitate  something  of  a  more  purely  marine  character,  to  remain  as  a  monument  of  their 
pre.sence  there.  We  are  constrained,  therefore,  to  imagine  a  veiy  wide  and  diff'used  elevation  of  the  crust,  changing 
the  level  of  the  sea's  bed  at  the  end  of  the  Vergent  period,  lifting  it  into  dry  land  W.  of  the  present  mountains,  but 
probably  depressing  it  into  a  comparatively  deep  slender  trough  along  its  S.E.  border.  The  argument  for  this  hypo- 
thesis becomes  strengthened  when  we  review,  as  we  shall  presently,  the  i^henomena  of  relative  distribution  of  the 
Vergent  and  lower  carboniferous  strata  in  the  Western  States. 

DEPOSITIONS  AND  DISTURBANCES  OF  THE  VESPERTINE  SERIES. 
We  come  now  to  the  consideration  of  the  conditions  under  which  the  first  or  oldest  of  the  true  Carboniferous  forma- 
tions was  produced.  This  Vespertine  series  betrays,  in  everything  connected  with  it,  a  littoral  or  semi-terrestrial 
origin.  Consisting  of  grey  and  yellow  sandstones  alternating  with  coarse  silicious  conglomerates  and  with  dark -blue 
slates  and  shales,  aud  containing  beds  of  black  carbonaceous  slate,  and  even  here  and  there  a  thin  impure  seam  of  coal ; 
possessing,  moreover,  no  decidedly  marine  organic  remains,  but  numerous  relics  of  the  terrestrial  vegetation,  significant 
of  the  subsequent  coal  period, — it  is  essentially  a  mass  of  barren  or  unproductive  Coal-measures,  aud  must  be  viewed 
as  having  been  formed  under  very  nearly  the  physical  conditions  which  attended  that  important  formation.  The  most 
material  difference  in  their  composition  is  the  absence  from  the  Vespertine  series  of  numerous  and  widely-extended 
sheets  of  coal,  a  feature  which  implies,  that  during  its  accumulation  there  were  not  those  repeatedly-recurring  intervals 
of  almost  absolute  repose  of  the  crust,  with  constancy  of  sea-level  requisite  for  the  growth  of  the  coal- producing 
meadows,  but,  on  the  contrary,  that  the  period  was  one  of  more  incessant  agitation.  Possibly,  too,  the  Vespertine  strata 
were  formed  too  much  under  water,  and  not,  like  the  Coal-measures,  sufficiently  near  the  common  limit  of  air  aud 
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■water  to  admit  sheets  of  vegetable  carbon  to  be  stored  up  within  them.  Certainly  the  physical  geography  of  the 
period,  so  far  as  it  is  indicated  in  the  respective  boundaries  of  the  two  formations,  was  wholly  unlike  that  of  the  age  of  the 
coal.  The  geographical  limits  of  the  Coal-measures,  as  elsewhere  shown,  were  very  broad,  the  W.  verge  of  the  forma- 
tion lying  in  Nebraska,  Kansas,  and  Central  Texas.  Those  of  the  Vespertine  strata  are  much  more  restricted,  being 
confined  to  the  Appalachian  chain  on  the  S.E.,  and  on  the  N.W.  to  the  Appalachian  coal-field,  even  the  N.W.  border  of 
which  they  fail  to  reach  where  this  basin  is  broadest  in  North-western  Pennsylvania  and  Ohio.  The  area  occupied  by  the 
whole  formation  is  a  long,  comparatively  narrow  zone  of  country,  commencing  in  N.E.  Pennsylvania,  and  stretching  S.W. 
to  North  Alabama.  Throughout  this  zone  the  deposit  displays  its  thickest  oiitcrops  along  its  most  Eastern  exposures 
in  the  mountains,  and  its  actual  maximum  on  the  borders  of  the  Schuylkill  anthracite  coal-field.  From  this  line  of  its 
greatest  development  the  mass  steadily  declines  in  thickness,  and  grows  less  coarse  and  heterogeneous  in  composition 
as  it  spreads  towards  the  N.W.  and  W.,  until  it  dwindles  away  entirely  before  it  reaches  the  place  where  it  should 
outcrop  on  the  W.  edge  of  the  great  coal-field  in  Ohio.  Unlike  the  Ponent  stratum  underneath  it,  it  does  reach  the 
Alleghany  River  in  Western  Pennsylvania,  though  under  a  very  attenuated  thickness. 

From  these  facts  it  would  appear  that  the  Vespertine  sediments  were  received  in  a  sheet  of  waters  somewhat  coin- 
cident in  position  and  limits  with  that  which  was  previously  the  receptacle  of  the  underlying  materials  of  the  Ponent 
series,  a  view  corroborative  of  that  already  presented,  that  the  close  of  the  Vergent  period  was  an  epoch  of  elevation  of 
a  very  broad  area  of  the  ocean's  bed  into  dry  land,  in  the  region  now  lying  to  the  W.  and  N.W.  of  the  great  Appala- 
chian coal-field. 

The  materials  of  the  Vespertine  rocks,  their  lessening  gradation  in  size  going  W.,  the  direction  of  their  bedding, 
and  sundry  other  phenomena,  all  concur  to  suggest  that  the  deposit  was  chiefly  derived  by  cun-ents  and  paroxysmal 
movements  of  the  waters  from  the  E.  and  N.E.,  from  shores  much  convulsed  by  repeated  agitations  of  the  crust,  but 
not  amounting  to  undulations  productive  of  permanent  flexures. 

DEPOSITIONS  AND  DISTURBANCES  OF  THE  UMBRAL  SERIES. 

An  extensive  and  marked  change  arose  in  the  physical  geography  of  the  Palaeozoic  sea  at  the  close  of  the  Vesper- 
tine period.  Judging  from  the  composition  of  the  Umbral  or  Middle  Carboniferous  strata,  and  the  featm'es  of  their 
geographical  distribution,  we  must  infer  that  these  were  deposited  under  circumstances  very  dissimilar  from  those  which 
saw  the  accumulation  of  either  the  Vespertine  sediments  which  preceded  them,  or  the  Coal-measures  which  usurped 
their  place  in  the  ages  following.  We  have  mentioned  in  our  description  of  the  Umbral  deposits,  that  in  the  Appala- 
chian chain  the  series  consists,  in  its  fullest  development,  which  is  in  Virginia,  of  bufi'  and  I'ed  shales  below,  of  a  thick 
limestone  in  the  middle,  and  of  blue,  olive,  and  red  marly  shales,  with  red  and  brown  sandstone  above  ;  and  that  in 
Pennsylvania  the  whole  mass  is  composed  of  red  shale  and  argillaceous  red  sandstone  under  a  maximum  thickness, 
where  it  surrounds  the  S.  anthracite  coal-field  of  3000  feet.  This  great  red-shale  deposit  of  Pennsylvania  was,  it  is 
obvious,  collected  in  a  portion  of  the  wide  oceanic  basin  of  the  period,  much  more  copiously  invaded  by  the  washings 
of  adjacent  lands  than  were  the  districts  lying  to  the  S.W.  and  W.  Everything  connected  with  the  red  shale  and 
sandstone  betokens,  indeed,  an  origin  contiguous  to  agitated  coasts  swept  by  turbid  currents.  The  total  absence  of 
organic  remains  is  an  intimation  that  the  sea  was  too  foul  with  poisonous  sediments  to  permit  the  presence  of  the  usual 
marine  animals  ;  and  the  abundance  of  ripple-marks,  sun-cracks,  and  the  specks  attributed  to  rain,  and  called  rain-spots, 
confirm  the  impression  of  the  nearness  of  the  land,  by  giving  proof  that  the  layers,  while  yet  freshly  deposited,  were 
frequently  laid  naked  to  the  atmosphere.  That  they  were  thus  exposed  in  some  localities  is,  indeed,  actually  demon- 
strated by  our  finding  many  layers  of  the  rock  covei'ed  with  that  polish  and  those  marks  of  trickling  water  which  never 
arise  in  deposits  continuously  submerged,  but  are  produced  solely  where  an  impressible  slimy  material  is  left  naked  by 
a  gentle  recession  of  the  precipitating  waters.  But  the  crowning  proof  of  all  is  the  occasional  occm-rence  of  quadru- 
pedal footprints  on  these  water-marked  surfiices,  clearly  referable  to  reptilian  animals  of  a  batrachian  type. 

The  gradual  introduction  of  a  limestone  formation  in  the  centre  of  this  shale  deposit  in  the  S.W.  part  of  the 
mountain-chain  in  Pennsylvania,  and  its  steady  enlargement  as  far  at  least  as  the  Greenbrier  River  in  Virginia,  where 
its  thickness  exceeds  1000  feet,  is  an  intimation  that  a  change  occurred  towards  the  middle  of  the  period,  deepening 
the  bed  of  the  sea  for  the  reception  of  purely  marine  matter  and  of  organic  inhabitants,  and  cleansing  it  of  the  clayey 
sediments  derived  from  its  E.  or  N.E.  shores. 

Crossing  the  Palajozoic  area  W.  to  the  W.  outcrop  of  the  Appalachian  coal-field,  we  are  surprised  to  find  nearly  all 
traces  of  the  red  shale,  both  that  underlying  and  that  resting  upon  the  limestone,  entirely  gone  from  the  series ;  and 
upon  tracking  the  deposits  from  North-eastern  Pennsylvania  in  the  same  direction  W.,  where  no  limestone  whatever  enters 
the  red  shale,  we  perceive  that  this  latter  material  undergoes  a  rapid  and  progressive  attenuation,  until  it  vanishes  alto- 
gether before  we  reach  the  waters  of  the  Alleghany  River.  It  would  thus  appear  that  the  land-derived  or  argillaceous 
and  sandy  beds  of  the  Umbral  formation  are  essentially  an  E.  deposit,  and  that  it  was  only  towards  the  S.W.  that  the 
sea  of  that  epoch  precipitated  any  carbonate  of  lime  ;  but  the  area  of  the  Umbral  ocean  which  collected  this  deposit 
was  a  very  broad  one,  for  the  limestone  not  only  ranges  as  a  continuous  stratum  from  Cambria  County,  Pennsylvania, 
to  the  S.  end  of  the  great  coal-field  in  Central  Alabama,  but  it  skirts  the  AV.  border  of  that  coal-field  in  Eastern 
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Kentucky  and  Middle  Tennessee,  encloses  all  but  the  N.  side  of  the  great  coal-field  of  Western  Kentucky,  Indiana,  and 
Illinois,  and  even  entirely  encompasses  and  underlies  the  enormous  coal-basin  which  ranges  from  Central  Iowa  through 
Missouri  to  "Western  Arkansas.  This  carboniferous  limestone  is  indeed,  to  all  appearance,  the  most  widely-diffused 
formation  as  yet  identified  by  its  fossils  in  North  America  ;  for  passing  under  the  broad  cretaceous  basin  which  fills  the 
plains  of  Nebraska,  Kansas,  and  Western  Texas,  E.  of  the  Rocky  Mountains,  it  reappears  in  that  chain,  and  in  the 
valley  of  the  Rio  del  Norte,  and,  plunging  under  again  and  again,  regains  the  surface  under  full  development  in  the 
Wahsatch  Mountains  of  Utah,  and  yet  farther  W.  in  the  Humboldt  Chain  of  the  Great  Desert.  Until  its  far  W- 
localities  are  better  known,  it  is  impossible  to  define,  even  approximately,  the  limits  of  this  prodigiously  broad  calca- 
reous sea-bottom  ;  but  there  is  reason  to  believe  that  it  reaches  Vancouver's  Island,  and  that  it  is  the  limestone  of  some 
of  the  valleys  of  the  Pacific  slope. 

The  uniform  and  tranquil  physical  conditions  of  the  period,  implied  by  the  wide  diffusion  and  uniform  nature  of 
the  deposit,  and  the  character  of  its  organic  remains,  mark  an  age  which  was  a  fit  prelude  to  the  period  of  the  coal- 
formation  which  immediately  followed,  a  period  in  which  the  geographical  scale  of  action  in  this  quarter  of  the  globe 
was  almost  as  grand,  but  which  was  marked  by  a  uniformity  of  surface,  and  of  physical  and  vital  conditions  wholly 
different  in  their  nature.  I  shall  present  in  another  place  an  analysis  of  the  circumstances  attendant  upon  the  produc- 
tion of  the  coal  strata. 

As  the  beginning  of  the  Umbral  period  was  marked  by  a  striking  change  in  the  state  of  the  precipitating  waters, 
so  would  seem  to  have  been  its  close.  This  latter  was  evidently  attended  by  a  very  broad  and  equal  lifting  of  wide 
portions  of  the  sea-bed,  overspread  with  its  sheet  of  limestone,  and  with  such  commotion  in  the  region  of  the  Appala- 
chian chain,  and  of  the  coal-fields  W.  of  it,  as  far  as  that  of  Missouri  inclusive,  as  to  strew  the  uprisen  floor  with  a  very 
broad  sheet  or  sheets  of  land-derived  sandy  and  pebbly  matter,  the  foundation  of  the  first  soil  on  which  the  swamps 
and  jungles  of  the  lowest  coal-seams  of  the  productive  Coal-measures  grew.  But  surpassing  this  wide-rising  of  the 
earth's  crust  was  the  sinking  of  it,  which  seems  to  have  taken  place  at  the  first  letting-on  of  the  Umbral  waters  in 
which  the  Carboniferous  limestone  was  to  be  collected.  We  have  seen  that,  throughout  the  Ponent  and  Vespertine 
periods,  and,  we  may  add,  the  period  of  the  first  half  of  the  Umbral  red  shale,  there  could  have  been  no  sea  W.  of  the 
present  W.  margin  of  the  Appalachian  coal-field,  as  none  of  these  rocks,  nor  any  marine  equivalents  of  them,  are 
discernible  at  or  beyond  that  boundary.  The  area  of  subsidence,  therefore,  for  the  reception  of  the  limestone,  was  almost 
coextensive  with  the  breadth  of  the  continent.  That  the  ocean  came  over  the  dry  land,  which  had  remained  as  such 
since  its  upheaval  at  the  close  of  the  Vergent  period,  gently,  and  not  with  paroxysmal  violence,  is  recorded  in  the  uni- 
versal absence  of  any  widely  water-strewn  materials  between  the  limestone  and  the  Vergent  floor  upon  which  it  rests. 

As  yet  we  know  too  little  of  the  strata  in  and  beyond  the  Rocky  Mountains,  to  speculate  respecting  the  events  of 
the  Palseozoic  ages  on  that  side  of  the  continent.  We  must  postpone  the  attempt  until  further  researches  accumulate 
additional  data. 

The  design  of  the  remaining  part  of  the  present  chapter  is  to  exhibit  in  a  condensed  shape  some  of  the  most 
characteristic  phenomena  of  the  great  coal-formation  of  the  Apjialachian  region  of  the  United  States,  to  develop  the 
laws  which  regulate  the  distribution  and  order  of  succession  of  the  strata,  and  to  discuss  the  theory  of  their  origin. 

OP  THE  LIMITS  OF  THE  APPALACHIAN  COAL  STRATA. 

The  extensive  Appalachian  coal-formation  embraces  all  the  detached  basins,  both  anthracitic  and  semi-bituminous, 
of  the  mountain-chain  of  Pennsylvania,  Maryland,  and  Virginia,  and  also  the  vast  bituminous  trough  lying  to  the 
N.W.  in  Pennsylvania,  Ohio,  Virginia,  Kentucky,  Tennessee,  and  Alabama.  I  shall  endeavour  presently  to  show  that 
all  these  coal-fields,  extending  from  the  N.E.  counties  of  Pennsylvania  to  the  N.  part  of  Alabama,  and  from  the  great 
Appalachian  valley  Westward  into  the  interior  of  Ohio  and  Kentucky,  include  only  a  portion  of  the  original  formation, 
immense  tracts  having  been  destroyed  by  denudation.  A  comparison  of  the  coal  strata  of  contiguous  basins  has 
convinced  me  that  they  are  only  detached  parts  of  a  once-coutinuous  deposit ;  and  the  physical  structvire  of  the  whole 
region  most  satisfactorily  confirms  this  idea,  by  showing  that  they  all  repose  conformably  on  the  same  rocks  ;  the 
more  or  less  insulated  troughs  in  which  they  occur,  merely  being  separated  by  anticlinal  tracts  of  greater  or  less 
breadth,  from  which  denuding  action  has  removed  the  other  portions  of  the  formation.  This  distribution  of  the  coal 
in  a  series  of  parallel  and  closely-connected  synclinal  depressions,  is  a  direct  result  of  the  system  of  vast  flexures,  into 
which  the  whole  of  the  Appalachian  rocks  have  been  bent,  by  the  undidatory  movements  that  accompanied  the  final 
elevation  of  the  strata,  and  terminated  the  era  of  the  coal. 

Many  of  the  general  phenomena  about  to  be  described,  seem  to  belong,  in  an  equal  degi-ee,  to  the  wide  coal-basins 
of  equivalent  age,  which  lie  remote  from  the  Appalachian  chain,  far  to  the  N.W. ;  namely,  that  of  the  State  of  Michigan, 
and  that  which  occupies  a  part  of  Indiana,  Illinois,  and  Missouri,  I  shall  confine  my  views  for  the  present,  however, 
to  the  formation  as  it  is  developed  in  the  mountain-basins,  and  in  the  great  trough  or  plain  which  lies  immediately  to 
the  N.W.  of  the  chain.  This  last,  most  Western,  or  chief  Appalachian  basin,  terminates  on  the  N.E.,  near  Towanda. 
in  Bradford  County,  Pennsylvania,  while  its  S.  point  is  near  Huntsville,  in  Alabama.    The  S.E.  margin  coincides  nearly 
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with  the  main  escarpment  of  the  Alleghany  Mountain,  as  far  S.  as  the  county  of  Hardy,  in  Virginia,  beyond  which  it 
lies  farther  to  the  N.W.,  following  as  it  ranges  through  that  State,  and  through  Tennessee,  the  great  line  of  escarpment 
locally  named  Laurel  Hill,  Rich  Mountain,  Little  Gauly  Mountain,  Great  Flat  Top,  and  Cumberland  Mountain,  ending 
with  the  termination  of  the  last  in  Northern  Alabama. 

The  opposite  or  N.W.  outcrop,  commencing  likewise  at  Towanda,  extends  nearly  W.  through  the  N.  counties  of 
Pennsylvania  to  the  Alleghany  River,  at  Warren.  It  here  begins  to  curve  gently  S.,  passing  through  (  Vawford  and 
Mercer  counties,  and  enters  Ohio  north  of  Sharon.  Beyond  this  its  general  course  is  about  W.S.W.  to  Akron,  where  it 
deflects  to  the  S.,  so  as  to  pass  about  25  miles  W.  of  Zanesville,  after  which  it  crosses  the  Ohio  River  a  few 
miles  above  the  mouth  of  the  Scioto.  Southward  from  this  point  the  W.  line  of  the  coal  traverses  Kentucky  in  a 
S.S.W.  direction,  passing  the  Kentucky  River  near  the  centre  of  Estil  County,  and  the  Tennessee  line  a  little  East  of  Rock 
Creek.  Ranging  through  Teuuessee,  its  course  is  rather  irregular,  first  running  S.  to  Montgomery,  thence  X.W.  to 
Morgan,  and  thence  by  a  winding  line  S.  to  Sparta,  beyond  which  it  stretches  S.  W.  to  the  termination  of  the  Cumber- 
land Mountain,  N.E.  of  Huntsville. 

This  enormous  tract  of  the  coal-formation  is  unbroken,  except  in  two  quarters  :  first,  near  its  X.E.  termination, 
and  along  its  N.  border  in  Pennsylvania,  where,  by  the  influence  of  denudation,  and  a  few  low  anticlinal  arches,  many 
small  patches  of  the  strata  lie  insulated  from  the  general  mass  ;  and,  secondly,  along  its  S.E.  side  in  Pennsylvania, 
Maryland,  and  Virginia,  where  a  few  bold  axes  of  elevation  have  thrown  the  coal-rocks  into  a  series  of  long,  parallel, 
and  nearly  united  troughs.  Considering  all  of  these  outlying  portions  of  the  formation  as  subordinate  and  intimately- 
connected  parts  of  one  great  bituminous  coal-field,  the  S.E.  boundary  of  which  is  the  escarpment  of  the  Alleghany  and 
Cumberland  mountains,  the  dimensions  of  the  great  basin  will  be  nearly  as  follows  :  its  length,  from  N.E.  to  S.W.,  is 
rather  more  than  720  miles,  and  its  greatest  breadth  about  180  miles.  Upon  a  moderate  estimate,  its  superficial  area 
amounts  to  70,000  square  miles. 

Though  the  deep  anthracite  basins  abound  in  curious  structural  features,  and  contain  thick  seams  of  coal,  they 
chiefly  interest  us  at  present  by  the  geographical  position  which  they  occupy.  More  than  40  miles  distant  from  the 
general  denuded  margin  of  the  main  or  W.  coal-field,  they  nevertheless  present,  in  the  character  of  their  strata,  and  of 
the  rocks  iipon  which  they  repose,  unequivocal  evidence  that  they  and  the  bituminous  basins  were  once  united.  In 
this  identification  we  are  presented  with  an  amazing  picture  of  the  former  extent  of  our  carboniferous  deposits.  The 
existing  S.E.  limit  of  the  coal,  in  tliese  insulated  basins,  lies,  in  Pennsylvania,  only  a  short  distance  to  the  N.W.  of  the 
great  Appalachian  valley,  and  a  survey  of  all  the  circumstances  involved  in  the  question  of  the  ancient  physical 
geography  of  the  formation,  convinces  me  that  it  extended,  both  in  that  State  and  Virginia,  at  least  as  far  to  the  S.E. 
as  the  great  valley.  To  enter  here  into  all  the  facts  and  reasonings  iipon  whicli  this  inference  is  founded,  would  lead  me 
aside  from  the  main  purpose  of  the  present  chapter  ;  but  I  may  mention,  as  one  argument,  that  a  group  of  coal  strata, 
somewhat  lower  in  the  formation  than  the  main  series,  does  reach,  at  intervals,  as  far  E.  as  the  margin  of  the  great 
valley,  in  a  number  of  localities  between  the  Potomac  River  and  the  Tennessee  line.  Restricting  our  attention  at  pre- 
sent, however,  to  those  districts  where  the  main  coal  series  is  developed,  we  meet  with  the  most  ample  proofs  that  all 
the  strata  in  the  insulated  basins  are  precisely  on  the  same  geological  horizon  as  those  of  the  great  basin  W.  of 
the  mountains.  These  coal-rocks  all  repo.se  conformably  on  the  same  easily-recognised  formation,  the  great  coal- 
conglomerate,  with  the  upper  beds  of  which  the  lower  seams  are  very  generally  interstratified.  This  fact,  but  more 
especially  the  circumstance  that  I  have  traced  many  of  the  principal  coal-seams  and  beds  of  fossiliferous  limestone  from 
basin  to  basin,  fully  demonstrates  that  all  these  detached  troughs,  however  insulated  and  remote  from  the  main  mass  at 
present,  were,  at  the  period  of  their  deposition,  imited  in  one  continuous  formation,  which,  previously  to  its  elevation 
and  waste  by  denuding  currents,  extended  from  near  the  E.  side  of  the  Appalachian  chain  to  a  W.  mai'gin  at  least 
as  distant  as  the  centres  of  the  States  of  Ohio,  Kentucky,  and  Tennessee. 

Here  then  we  have  a  coal-formation  which,  before  its  original  limits  were  reduced,  measured,  at  a  reasonable 
calculation,  900  miles  in  length,  and  in  some  places  more  than  200  miles  in  breadtli.  I  would  ask,  is  it  conceivable 
that  any  lake,  bay,  or  estuary,  could  have  been  the  receptacle  of  a  deposit  so  extended,  or  that  any  river  or  rivers  could 
have  possessed  a  delta  so  vast  ?  The  ancient  Appalachian  ocean  grew  deeper,  as  I  shall  show,  towards  the  W.  or  N.W.  ; 
and  inasmuch  as  rivers  push  tiieir  deltal  deposits  seawards,  and  not  laterally,  and  as  the  carboniferous  sediments  here 
to  be  described  are  traceable  coastwise,  as  respects  this  ancient  sea,  for  a  length  of  900  miles,  it  is  inconceivable  how 
any  local  flnviatile  currents  could  have  assembled  them. 

NATURE  OF  THE  COAL  STRATA. 
Assuming  it  as  susceptible  of  demonstration,  that  the  various  coal-basins,  bituminous  and  anthracitic,  of 
Pennsylvania,  Ohio,  Maryland,  Virginia,  Kentucky,  and  Tennessee,  were  originally  united,  we  may  consider  the  whole 
as  one  great  formation,  in  which  some  highly-interesting  gradations  in  the  type  and  composition  of  the  beds  may  be 
traced.  To  call  attention  to  these  plieuomena  of  variation  is  indeed  my  main  object  at  this  time,  since  by  them  only 
can  we  arrive  at  a  true  theory  of  the  conditions  under  which  the  whole  were  formed.  A  comprehensive  classification 
of  the  strata  shows  the  following  principal  varieties  : — 
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1.  Rocks  of  mechanical  origin,  of  every  grade  of  coarseuess,  from  the  smoothest  fire-clay  to  exceedingly  rough 
silicious  conglomerates,  the  whole  including  within  these  extremes  a  wide  variety  of  shales,  marls,  argillaceous  sand- 
stones, and  quartzose  grits. 

2.  Limestones,  both  pure  and  magnesian,  in  strata  of  all  thicknesses,  -from  thin  bands  and  narrow  layers  of 
detached  nodules,  to  beds  measuring  from  50  to  100  feet  depth.  Some  of  the  limestones  contain  a  considerable 
amount  of  argillaceous  and  silicious  matter,  and  many  of  the  thicker  deposits  consist  of  alternating  layers  of  limestone 
and  soft  shale.  Though  a  few  of  these  calcareous  strata  are  remarkably  destitute  of  fossils,  they  are  rarely  found  to  be 
altogether  deficient  in  organic  remains,  when  widely  and  diligently  searched  ;  and  some  of  them  quite  abound  in 
them.  It  is  especially  deserving  of  note,  that  the  genera  are  such  as  invariably  iudicate  oceanic  habits.  This  fact  is 
of  the  more  importance,  since  some  of  the  limestones  occur  in  immediate  contact  witli  beds  of  coal,  and  with  shales  and 
other  strata  containing  the  remains  of  terrestrial  vegetation. 

Besides  the  strata  of  limestone,  we  meet  with  other  chemically-formed  deposits,  in  the  form  of  numerous  seams  of 
carbonate  of  iron,  and  a  few  considerable  beds  of  regularly-stratified  chert.  The  nodular  variety  of  the  iron  ore  is 
ustially  imbedded  in  shale,  and  lies  oftenest  adjacent  to  the  coal,  while  the  ore  in  bands  occurs  more  frequently  in  contact 
with  the  limestone. 

3.  Coal,  in  nearly  all  its  known  varieties,  including  every  description,  from  the  dryest  and  most  compact  anthra- 
cites to  the  most  fusible  and  bituminous  kinds  of  common  coal. 

Such  are  the  three  great  classes  of  strata  comprised  within  the  Ajipalachian  coal  region  of  the  United  States.  If 
we  direct  our  attention  to  the  manner  of  their  distribution,  we  shall  behold  some  striking  and  instructive  phenomena, 
susceptible  of  reduction  to  regular  and  liarmonious  laws  of  gradation. 

Comparing,  in  the  first  place,  the  rocks  of  mechanical  origin  as  they  occur  in  different  districts,  we  almost  invari- 
ably find  them  coarsest  and  most  massive  towards  the  S.E.,  and  more  and  more  fine-grained  and  less  arenaceous  as  we 
pm'sue  them  across  the  successive  parallel  basins  N.W.  Thus  in  the  anthracite  coal-fields,  which  are  the  most  South- 
eastei'n  of  all,  the  coal  is  iuterstratified  with  a  vast  thickness  of  rough  and  ponderous  grits,  and  coarse  silicious  conglo- 
merates, but  is  associated  with  comparatively  very  little  soft  clay-slate  or  shale.  In  this  region  the  coal-slates  them- 
selves are  more  than  ordinarily  arenaceous,  and  bear  a  smaller  proportion  to  the  sandstones  than  in  the  basins  more  to 
the  W.  At  the  same  time  that  the  coal-rocks,  viewed  in  the  aggregate,  acquire  a  finer  texture  in  going  W.,  the  indivi- 
dual strata  undergo  a  corresponding  reduction  in  thickness,  while  many  of  them  entirely  thin  away.  I  may  cite,  as  a 
striking  instance  of  these  changes,  the  great  coal-conglomerate  itself,  which  forms  the  general  base  of  the  main  or  upper 
Coal-measures.  This  massive  rock  is  chiefly  composed  of  large  quartzose  pebbles  imbedded  in  coarse  sand.  Adjacent 
to  its  most  S.E.  outcrop  in  Pennsylvania — that  is  to  say,  in  Sharp  Mountain,  where  it  constitutes  the  boundary  of 
the  first  or  Pottsville  basin — it  has  a  thickness  of  nearly  1500  feet ;  but  in  the  mountains  which  embrace  the  Wyoming 
coal-field,  about  30  miles  to  the  N.W.,  the  thickness  of  the  formation  is  only  about  500  feet  ;  while  still  farther  across 
the  chain,  where  it  becomes  the  general  floor  of  the  Coal-measures  under  the  bituminous  form,  in  the  basins  N.W.  of 
the  Alleghany  Mountain,  its  entire  thickness  seldom  exceeds  80  or  100  feet.  Tracing  it  across  the  great  Western  coal- 
field, until  we  encounter  its  last  outcrop  in  Western  Pennsylvania,  Ohio,  and  Kentucky,  this  wonderfully-expanded  rock 
dwindles  to  a  thin  bed  of  sandstone,  sprinkled  witli  a  few  pebbles,  its  wliole  thickness  amounting  generally  to  only  20 
or  30  feet.  There  is  a  corresponding  and  quite  as  striking  a  diminution  in  its  constituent  fragments,  the  pebbles  in  the 
most  S.E.  belts  of  the  formation  being  often  as  large  as  a  hen's  egg,  while  in  the  N.W.  their  diameter  is  reduced  to 
that  of  a  pea. 

A  similar  gradation  obtains  in  the  tliickness  and  coarseness  of  nearly  all  the  iuterstratified  sandstones  and  other 
mechanical  members  of  the  formation.  I  conceive  that  this  interesting  fact,  fully  established  by  the  surveys  of  Penn- 
sylvania and  Virginia,  shows  beyond  all  question  that  the  S.E.  was  the  quarter  whence  the  coarser  materials  of  the 
coal-rocks  were  derived.  But  there  are  not  wanting  other  proofs  that  the  ancient  land  lay  in  that  direction  ;  these 
will  be  presently  detailed  in  describing  the  gradations  witnessed  in  the  limestones  and  beds  of  coal.  The  above  general 
law  of  distribution  relates,  it  should  be  observed,  only  to  the  coarser  mechanical  aggregates,  since  there  are  some 
apparent  exceptions  to  its  generality  among  the  finer-grained  slates  and  shales.  Though  the  texture  of  these  continues 
to  grow  finer  as  we  advance  W.,  some  of  the  strata,  when  individually  traced,  seem  to  increase  for  a  certain  distance  in 
thickness.  This  curious  circumstance,  which  belongs  indeed  to  many  of  tlie  more  argillaceous  members  of  our  Appa- 
lachian formations,  so  far  from  invalidating  the  above  inferences  respecting  the  W.  transportation  of  the  sediments, 
comes  beautifully  to  confirm  them,  since  it  is  evident,  that  until  a  current,  holding  in  suspension  a  quantity  of  sedi- 
mentary matter,  declines  in  velocity  to  a  certain  point,  it  cannot  let  fall  any  considerable  amount  of  the  smaller 
particles.  After  it  has  reached  a  given  degree  of  retardation,  the  finer  materials  will  subside,  and  in  an  increasing 
quantity,  up  to  a  certain  point,  at  which  the  loss  of  velocity  in  the  current  is  compensated  by  the  exhaustion  of  mate- 
rial, when  a  gradual  and  final  thinning  of  the  deposit  will  take  place. 

If  we  examine,  in  the  next  place,  the  gradations  of  thickness  visible  in  the  limestones  and  other  marine  deposits, 
they  will  be  found  to  lead  to  precisely  similar  inferences  respecting  the  position  of  the  ancient  land.  Viewed  either 
together  or  individually,  the  limestones  of  the  Coal-measures  of  Pennsylvania,  Virginia,  and  Ohio,  display  a  remarkably 
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uniform  augmentation  as  we  trace  them  W.  Thus,  throughout  all  the  S.E.  basins,  comprising  the  whole  of  the 
anthracite  coal-fields  of  Pennsylvania,  and  the  Broad-Top  Mountain  in  the  same  State,  the  formation  exhibits  a  total 
absence  of  limestone,  and  a  corresponding  deficiency  of  calcareous  matter  in  the  shales  and  the  ii'on  ores.  Advancing, 
however,  a  distance  of  25  or  .50  miles  N.W.  to  the  general  S.E.  margin  of  the  great  bituminous  region,  where  we  enter 
on  the  first  of  the  chain  of  partially-insulated  troughs  adjacent  to  the  escarpment  of  the  Alleghany  Mountain,  we  no 
longer  encounter  a  total  poverty  of  limestone,  though  we  still  meet  with  a  striking  deficiency.  As  an  evidence  of  this, 
let  us  take  one  of  the  basins  of  the  Alleghany  Mountain — that,  for  example,  which  lies  near  the  head  of  the  Potomac 
River.  The  minute  researches  there  made  in  connection  with  the  geological  surveys  of  Virginia  and  Pennsylvania, 
have  shown  that  the  total  thickness  of  the  limestones,  counting  all  the  thin  bands  and  layers  of  nodules,  does  not 
probably  exceed  10  feet.  This  statement  is  confirmed  by  a  pamphlet  on  the  same  coal-field,  describing  the  land  of  the 
George's  Creek  Company,  by  IVIessrs  Alexander  and  Tyson.  In  their  very  full  section  of  the  strata,  we  do  not  see  a 
single  band  of  limestone  introduced. 

Turning  to  the  Moshauon  basin,  in  Centre  County,  which  is  also  a  marginal  trough  of  the  great  W.  coal-field,  the 
entire  quantity  of  limestone  appears  to  be  about  7  or  8  feet.  If,  however,  we  pass  W.  from  this  S.E.  line,  and  cross 
the  great  coal-fieldby  any  section  between  the  Susquehanna  in  Pennsylvania  and  the  Little  Kenawha  in  Virginia,  we 
witness  a  regularly  progi'essive  expansion  of  the  calcareous  rocks.  In  the  following  tabular  statement,  which  refers 
chiefly  to  the  Southern  counties  of  Pennsylvania,  this  gradation  is  rendered  strikingly  obvioxis  : — 

TABLE  FIRST, 

Showing  the  gradual  Increase  in  the  aggregate  Thickness  of  the  Limestone,  as  we  cross  the 
Southern  Coal-field  of  Pennsylvania,  westward. 

Broad-Top  basin,  half-way  across  the  Appalachian  chain,  ......  none. 

Potomac  basin,  near  the  main  escarpment  of  the  Alleghany  Mountain,    ....        about  10  feet. 

Eastern  basin  of  Somerset  County,  W.  of  the  escarpment,  and  about  12  miles  W.  of  the  Potomac  basin,       12  „ 
Ligonier  basin,  20  miles  W.  of  the  last,     .  .  .  .  .  .  .  .  .       30  „ 

Second  Western  basin  on  the  Youghiogheny  River,  IS  miles  W.  of  the  last,       .  .  .        about  40  „ 

Great  basin  of  the  Monongahela  and  Ohio  rivers,  at  Brownsville,  probably         .  .  .  .       60  „ 

Same  basin  at  Wheeling,     ..........       about  200  „ 

The  above  aggregates  admit  the  more  accurately  of  comparison,  since  most  of  them  refer  to  the  same  portion  of 
the  formation — that,  namely,  which  is  included  between  the  great  conglomerate  and  the  top  of  the  main  limestone, 
above  the  Pittsburg  Coal-seam. 

TABLE  SECOND, 

Shoioing  the  Gradation  in  the  Thickness  of  the  large  Limestone  Stratum  overlying  the  Pittsburg  Coal-seam. 


Cumberland  basin,  not  more  than  .........  2  feet. 

Eastern  Somerset  basin,  not  determined,  but       .  .  .         .  .  .  .  .  thin. 

Ligonier  basin, — average  about     ..........  7  feet. 

Monongahela  and  Ohio  basin,  at  Brownsville,       .  .         .  .  .  .  .  .  41  „ 

Same  basin  at  Wheeling,  .  .  .  .  .  .  .  .  .  .  54  „ 


In  the  upper  coal  group,  or  that  part  of  the  series  which  commences  with  the  Pittsburg  Seam,  the  total  thickness 
of  pure  limestone,  excluding  numerous  thiu  bands  associated  with  some  of  the  layers  of  shale,  is  not  less  than  150 
feet.*  Some  of  the  limestone  strata  of  the  Coal-measures  possess,  as  will  be  seen  from  the  second  of  these  tables,  a 
remarkably  wide  distribution,  ranging  without  interruption  from  the  vicinity  of  the  Alleghany  Moimtain  to  the 
country  W.  of  the  Alleghany  River.  Having  ascertained  the  positions  of  a  number  of  these  fossiliferous  beds,  I  am 
now  engaged  in  investigating  their  organic  remains.  The  examinations  already  made  show  that  these  all  belong  to 
marine  genera,  and  that  the  different  beds  are  characterised  by  their  peculiar  species.  Manj-  of  these  beds  of  limestone 
have  been  traced  continuously  from  Northern  Pennsylvania  to  the  Kenawha,  and  from  the  E.  outcrop,  near  the 
Alleghany  Mountain,  to  their  W.  boundary  in  Ohio.  The  marine  character  of  their  genera — TerthratiiJa,  Goniatites, 
Bellerophon,  Encrinus,  ikc. — sufiiciently  proves  that  these  rocks  were  originally  deposited  beneath  the  waters  of  an 
ocean,  while,  at  the  same  time,  the  increasing  purity  of  the  limestones  and  the  multiplication  and  expansion  of  the  beds 
Westward,  clearly  show  that  the  ancient  ocean  augmented  regularly  in  depth  in  that  direction.  This  conclusion,  it  will 
be  observed,  agrees  strictly  with  the  results  before  deduced  from  the  general  gradation,  visible  in  the  sandstones  and 
other  mechauically-formed  rocks,  which  proves  that  the  ancient  land  was  situated  towards  the  E.  or  S.E.  If  we 
examine  the  relations  of  the  two  classes  of  the  coal  strata  to  each  other,  the  land-derived  and  sea-derived  rocks,  we 
perceive  that  the  latter,  or  the  limestones,  thicken,  going  West,  at  the  expense  of  the  former.  Frequently  two  beds 
approach,  and  either  entirely  coalesce,  or  remain  divided  by  only  a  thin  marly  shale,  formed  from  the  residual  finely- 
subdivided  matter  wafted  out  by  the  currents,  which,  farther  E.,  or  nearer  the  land,  deposited  the  coarser  and  thicker 
sandstones  and  arenaceous  slates.    While  this  gradation  shows  itself,  new  beds  of  calcareous  rock  interpolate  them- 
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selves  in  new  positions  in  the  series,  and  many  of  the  sandstones  thin  away  and  cease  altogether,  so  that  the  whole 
formation  becomes,  by  both  these  changes,  more  and  more  oceanic  in  its  type.  But  the  most  important  result  of  this 
mode  of  tracing  the  strata  is  the  evidence  we  have  of  the  frequent  alternation  of  a  tranquil  and  disturbed  condition 
of  the  waters.  Such  an  intermission  of  movement  and  repose  will  be  more  fully  proved  when  I  come  to  describe  the 
phenomena  connected  with  the  coal-seams.  It  may  be  sufficient  here  to  refer  to  what  I  have  above  stated  respecting 
the  oceanic  and  shore  rocks,  and  to  appeal  to  the  argument  that  the  coarser  or  more  irregularly  strewn  the  materials 
of  a  sti'atum  are,  the  more  violent  must  have  been  the  current  which  transported  them.  With  these  considerations 
before  us,  we  cannot  fail  to  perceive  in  the  Appalachian  coal  strata  the  monuments  of  many  alternate  periods  of 
movement  and  total  or  comparative  rest.  If  it  be  conceded  that  each  of  the  purer  beds  of  limestone,  remarkable  for 
the  extreme  fineness  of  their  texture  and  the  absence  of  foreign  sedimentary  matter,  is  the  index  of  a  longer  or  a 
shorter  interval  of  tranquillity  in  the  waters,  we  shall  discern  (omitting  for  the  present  all  similar  inferences  to  be 
derived  from  the  coal-seams)  a  much  greater  number  of  such  separate  periods  than  a  mere  enumeration  of  the 
individual  beds  would  indicate,  unless  we  count  the  interstratified  shales  and  marls.  These  last-mentioned  strata, 
generally  assuming,  as  we  go  E.,  a  thicker  and  coarser  type,  furnish  as  unequivocal  a  record  of  disturbances  as  if  the 
spaces  they  occupy  between  the  beds  of  limestone  were  filled  by  the  coarsest  mechanical  aggregates. 

One  of  the  most  interestinggeneral  questions  connected  with  the  land  and  sea  produced  strata  relates  to  the 
physical  geography  of  the  ancient  coast  near  to  which  they  were  deposited,  and  the  inquiry  at  once  suggests  itself, 
whether  the  receptacle  of  these  various  sediments  was  an  extensive  estuary  receiving  the  silts  of  some  gigantic  river 
or  rivers,  or  a  vast  expanse  of  shallow  sea,  bounded  by  a  long  line  of  coast,  upon  which  the  successive  deposits  were 
formed  by  a  very  different  agency  from  any  we  can  ascribe  to  ordinary  fluviatile  or  littoral  currents. 

OF  THE  PHENOMENA  CONNECTED  WITH  THE  COAL-SEAMS. 
Great  extent  of  certain  individual  coal-beds. — Passing,  in  the  next  place,  to  an  examination  of  the  most  interesting 
portion  of  the  coal  strata,  the  coal-seams  themselves,  we  discover  in  the  facts  connected  with  their  range  and  distri- 
bution, in  the  structure  of  the  coal,  and  in  the  nature  of  the  beds  in  immediate  contact  with  the  seams,  several  general 
laws,  tending  to  afford  us  a  still  better  insight  into  the  physical  conditions  which  accompanied  the  production  of  these 
strata. 

Of  the  facts  connected  with  the  range  of  the  individual  coal-seams,  that  of  their  prodigious  extent  is  itself  one 
of  the  most  surprising  and  instructive.  As  a  general  rule,  this  wide  expansion  characterises  all  the  beds  of  both  the 
bituminous  and  anthracitic  basins.  It  is  true  that  many  seams  possess  a  comparatively  local  range,but  not  a  few 
of  those  which,  on  first  examination,  appear  of  circumscribed  extent,  cover  in  reality  a  very  wide  area,  the  error 
respecting  them  being  caused  by  fluctuations  of  thickness,  or  by  their  occasionally  thinning  out  and  reappeai-ing. 
Among  those  which  manifest  great  permanency  as  to  thickness,  the  vast  range  of  some  of  the  larger  ones  is  truly 
extraordinary.  Let  us  trace,  for  example,  the  great  bed  which  occurs  so  finely  exposed  at  Pittsburg,  and  along  nearly 
the  whole  length  of  the  Monongahela  River,  and  which  I  have  called  the  Pittsburg  Seam.  The  high  position  which 
this  bed  occupies  in  the  formation,  and  the  nearly  horizontal  attitude  of  all  the  strata,  combine  to  expose  it  very 
extensively  to  observation,  while  its  great  size  and  the  excellence  of  the  coal  have  caused  it  to  be  generally  mined. 
After  identifying  and  tracing  it  from  basin  to  basin  in  Pennsylvania,  I  have  been  furnished  with  much  information, 
in  relation  to  its  limits  and  features  in  Virginia  and  Ohio,  by  my  brother  and  Mr  Briggs.  Guided  by  the  data  thus 
collected,  I  have  been  enabled  to  determine  its  area  and  boundaries  with  very  considerable  accuracy.  The  limits  of 
this  bed,  as  at  present  known,  are  nearly  as  follows  :  That  portion,  by  far  the  largest  part,  which  is  contained  in  the 
great  Western  basin,  has  its  N.  termination  in  Indiana  County,  in  Pennsylvania,  and  its  S.W.  on  the  Ohio  River 
below  Guyandotte.  The  general  S.E.  outcrop  ranges  along  the  W.  foot  of  Chestnut  Ridge,  or  West  Laurel  Hill, 
from  Indiana  County  to  Tygart's  River,  in  Virginia.  It  here  alters  its  strike  from  S.S.W.  to  a  direction  more  nearly 
S.,  passing  a  little  W.  of  and  parallel  to  Buchanan's  River,  until  it  nearly  gains  the  head-waters  of  the  Monongahela. 
From  this  point  its  course  is  more  winding,  but  the  general  direction  is  a  little  W.  of  S.W.  to  the  Great  Kenawha, 
which  it  crosses  between  Charlestown  and  the  Pocatalico  Creek.  From  the  Kenawha  it  ranges  nearly  W.  to  the  Ohio 
River,  between  Guyandotte  and  Burlington,  where,  crossing  that  great  stream  into  the  State  of  Ohio,  it  sweeps  rapidly 
North.  Its  outcrop,  now  following  the  W.  margin  of  the  basin,  preserves  a  general  N.N.E.  direction  as  far  as  I\I<^Con- 
nellsville,  on  the  Muskingum.  Beyond  this  point  it  stretches  in  a  N.E.  course  until  it  recrosses  the  Ohio  River  a  little 
above  Steubenville,  where  it  soon  reaches  the  W.  line  of  Pennsylvania,  in  Beaver  County.  Here  the  edge  of  the 
seam  turns  E.,  and  crosses  the  Ohio  River  once  more,  a  few  miles  below  Pittsburg  and  the  Alleghany  River,  some 
miles  N.E.  of  that  town.  E.  of  this  point  it  pursues  a  more  devious  line,  the  meauderiugs  of  which  are  caused  by 
three  parallel  anticlinal  axes,  crossing  the  Kiskiminetas  and  Conemaugh  rivers.  Being  thrown  into  a  very  irregular 
and  curving  outcrop  by  these  elevations,  it  finally  joins  the  S.E.  margin  at  the  N.E.  extremity  of  the  basin  in  Indiana 
County,  the  point  from  which  we  set  out.  The  longest  diameter  of  the  great  elliptical  area  here  delineated  is  very 
nearly  225  miles,  and  its  maximum  breadth  about  100  miles.  The  superficial  extent  of  the  whole  coal-seam,  as  nearly 
as  I  can  estimate  it,  is  about  14,000  square  miles. 
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But  the  limits  here  described,  though  wide,  fall  very  far  within  those  which  the  bed  anciently  occupied.  To  the 
S.E.  of  the  large  basin  of  the  Ohio  River  there  are  several  other  insulated  parallel  troughs,  which  also  contain  the 
Pittsburg  Seam.  Of  these,  the  farthest  from  the  main  coal-field  is  that  at  the  head  of  the  Potomac  River,  at  a 
distance  of  about  43  miles  in  a  straight  line.  The  E.  margin  of  the  Pittsburg  Bed  is  here,  however,  nearly  50  miles 
E.S.E.  of  the  E.  edge  of  the  same  seam  in  the  main  or  W.  basin,  and  it  has  a  corresponding  expansion  E.  in  other 
districts.  That  tliis  coal-bed  preserves  an  unbroken  range  for  many  miles  to  the  N.E.  of  the  termination  of  the 
principal  basin  in  Indiana  County,  appears  highly  probable,  from  a  comparison  of  the  Coal-measures  at  certain 
localities  in  that  quarter.  I  shall  not,  however,  assume  the  known  length  of  the  tract  actually  occupied  by  it  as 
exceeding  the  above-mentioned  225  miles,  throughout  which  it  is  uninterruptedly  traceable.  Tf  we  now  take  into 
account  the  50  additional  miles  of  breadth  which  the  bed  once  possessed,  its  former  area  must  have  been  at  least 
34,000  square  miles,  a  superficial  extent  greater  than  that  of  !>cotlaud  or  Ireland. 

Though  the  above  is  perhaps  the  greatest  extent  of  surface  which  it  is  in  our  power  positively  to  assign  to  this 
bed  of  coal,  the  proofs  of  a  prodigious  denudation  of  the  strata,  throughout  the  districts  bordering  its  present  outcrop, 
are  so  irresistible  that  I  consider  the  dimensions  here  given  as  bearing  actually  but  a  small  proportion  to  the  real 
ancient  limits  of  the  stratum.  But  restricting  our  attention  for  the  present  to  those  limits  which  it  did  undoubtedly 
once  occupy,  it  is  still  by  far  the  most  extensive  coal-bed  yet  explored  in  any  country  ;  and  the  mere  fact  of  its 
great  extent  must  exert  an  influence  on  our  views  concerning  the  conditions  under  which  the  whole  coal-formation 
originated. 

The  general  uniformity  in  the  thickness  of  this  superb  bed,  throughout  so  vast  a  region,  and  at  the  same  time 
the  regular  and  gentle  gradation  which  it  experiences  in  size  when  we  trace  it  from  one  outcrop  to  the  other,  are 
features  not  less  remarkable  than  its  enormous  length  and  breadth.  In  the  most  South-eastern  basins,  where  it  is 
most  developed,  its  total  thickness  is  from  12  to  14  feet;  while  in  the  basins  between  Chestnut  Ridge  and  the 
Monongahela  River,  it  usually  measures  from  10  to  12  feet.  Still  farther  to  the  W.,  between  the  ilonongahela 
River  at  Brownsville,  and  the  Ohio  at  Wheeling,  it  declines  from  about  10  to  8  feet,  and  beyond  this,  in  the  State  of 
Ohio,  it  seldom  exceeds  5  or  G  feet.  Following  it  longitudinally,  or  in  the  direction  of  the  great  elliptical  basin,  it 
displays  quite  as  I'emarkable  a  persistency  in  its  dimensions,  the  reduction  in  its  size  being,  if  anything,  still  more 
gradual  from  N.E.  to  S.W.  Thus,  at  Pittsburg,  it  measures  altogether  about  8  feet;  at  the  mouth  of  Big  Grave 
Creek,  rather  more  than  5 ;  on  the  Great  Kenawha,  about  5  ;  and  from  this  point  to  Guyandotte,  where  it  terminates, 
3  feet  ;  and,  finally,  hardly  2  feet.  Ti-acing  it  along  a  parallel  line  from  N.E.  to  S.W.,  but  nearer  its  S.E.  outcrop, 
we  detect  the  same  very  gradual  abatement  in  its  thickness.  While  we  are  tlius  furnished  with  conclusive  evidence, 
from  the  fact  that  its  rate  of  increase  is  most  rapid  towards  the  S.E.,  that  the  ancient  land  with  which  the  stratum 
was  connected  must  have  been  situated  in  that  direction,  we  see  that  the  N.E.  part  of  the  coast  was  the  quarter  where 
its  materials  were  supplied  in  the  greatest  abundance.  To  this  conclusion  I  am  disposed  to  appeal,  in  support  of  the 
conjecture  already  ventured,  that  this  great  bed  of  the  main  or  W.  coal-field  is  but  a  remnant  of  a  still  more  expanded 
stratiun,  which  attained  its  maximum  size  in  the  enormous  seam  of  which  all  the  anthracite  basins  present  us 
insulated  patches.  The  singular  constancy  in  the  thickness  of  this  Pittsburg  Bed,  no  less  than  its  prodigious  range, 
are  circumstances  that  seem  strongly  adverse  to  the  theory  which  ascribes  the  formation  of  such  deposits  to  any 
species  of  drifting  action.    But  a  more  thorough  discussion  of  this  question  will  be  attempted  presently. 

OF  THE  INTIMATE  MECHANICAL  STRUCTURE  OF  THE  COAL. 

An  examination  of  the  structure  of  the  coal  itself,  apart  from  the  fact  of  the  great  range  and  uniformity  in  the 
thickness  of  the  beds,  renders  it  apparent  that  no  irregular  dispersion  of  the  vegetable  matter  by  any  conceivable  mode 
of  drifting,  either  into  estuaries  or  the  open  sea,  could  produce  the  phenomena  which  they  exhibit.  The  mechanical 
arrangement  of  the  layers  in  every  coal-seam,  as  seen  when  viewed  edgewise,  indicates  plainly  that  it  is  a  compound 
stratum  as  much  as  any  other  sedimentary  deposit,  each  bed  being  made  up  of  innumerable  very  thin  lamiute  of 
glossy  coal,  alternating  with  equally  minute  plates  of  impure  coal,  containing  a  small  admixture  of  finely-divided 
earthy  matter.  These  subdivisions,  differing  in  their  lustre  and  fracture,  are  frequently  of  excessive  thinness,  the 
less  brilliant  leaves  sometimes  not  exceeding  the  thickness  of  a  sheet  of  paper.  In  many  of  the  purer  coal-beds,  both 
anthracitic  and  bituminous,  these  thin  partings  between  the  more  lustrous  layers  consist  of  little  laminse  of  pure 
fibrous  charcoal,  in  which  we  may  discover  the  peculiar  texture  of  the  leaves,  fronds,  and  even  the  bark  of  the  plants 
which  supplied  a  part  of  the  vegetable  matter  of  the  bed.  If  traced  out  to  their  edges,  all  these  ultimate  divisions  of 
a  mass  of  coal  will  be  found  to  extend  over  a  surprisingly  large  surface  when  we  consider  their  minute  thickness. 
Pursiiing  any  given  brilliant  layer,  whose  thickness  may  not  exceed  the  foiu'th  part  of  an  inch,  we  may  observe  it  to 
extend  over  a  superficial  space  which  is  wholly  incompatible  with  the  idea  that  it  can  have  been  derived  from  the 
flattened  trunk  or  limb  of  any  arborescent  plant,  however  compressible.  When  a  very  large  block  of  coal  is  thus 
minutely  and  carefully  dissected,  it  very  seldom,  if  ever,  gives  the  slightest  evidence  of  having  been  produced  from  the 
more  solid  parts  of  trees,  though  it  may  abouud  in  fragments  of  their  fronds  and  deciduous  extremities.    The  laminiC 
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of  brilliant  carbonaceous  matter  almost  invariably  thin  away  to  a  fine  edge  before  they  terminate,  a  fact  which  of 
itself  seems  to  prove  that  the  material  was  in  a  soft  or  pulpy  state  at  the  time  of  its  accumulation,  and  this  sup- 
position receives  countenance  from  the  homogeneous  texture  and  conchoidal  fracture  of  every  such  layer. 

Gnxnting  the  correctness  of  tliis  inference,  which  is  not  in  conflict  with  the  beautiful  microscopic  determinations 
by  Hutton  respecting  the  traces  of  vegetable  structure  in  certain  portions  of  coal,  the  argument  seems  almost  con- 
clusive that  the  vegetable  matter  grew  where  it  was  deposited.  It  is  difficult  to  understand  why  the  coal  should 
not  consist  principally  of  the  larger  parts  of  trees — such  as  their  trunks,  limbs,  and  roots — if  any  species  of  drifting 
operation  brought  together  the  materials  of  the  bed,  by  conveying  seawards  the  growth  of  ancient  forests.  The  leaves 
and  other  fragile  parts  would  soon  become  detached  on  the  voyage,  and  these,  together  with  the  smaller  plants,  would 
subside  and  get  imbedded  long  before  the  trunks  and  lighter  woody  parts  could  grow  sufficiently  waterlogged  to  sink. 
It  is  obvious  that  a  stratum  formed  by  the  successive  deposition  of  huge  irregular  stems  and  branches,  would  exhibit,  no 
matter  what  might  be  the  subsequent  pressure,  a  very  different  structure  from  that  thin  and  uniform  lamination 
which  distinguishes  all  beds  of  coal.  These  considerations,  derived  from  the  mechanical  features  of  every  seam  of 
coal,  receive  strong  confirmation  from  the  microscopic  researches  of  Mr  Hutton.  Though  that  observer  found  more 
or  less  of  the  cellular  vegetable  structure  in  each  of  the  three  varieties  of  Newcastle  coal,  he  discovered  a  comjilete 
obliteration  of  the  characteristic  cells  in  those  finest  lustrous  portions  of  the  caking  coal,  where  the  crystalline  struc- 
ture, as  he  terms  it,  is  best  developed.  Besides  the  above-mentioned  featm-es,  all  the  coal-beds  which  I  have  ever 
examined,  or  seen  minutely  described,  possess  another  peculiarity  in  their  mechanical  constitution,  on  a  less  minute 
scale,  which  is  equally  incompatible  with  the  notion  of  transportation  by  currents.  I  refer  here  to  the  subordinate 
divisions  of  the  coal-beds,  some  of  which  are  strata  of  pure  coal,  some  of  earthy  coal,  and  some  of  common  shale,  all 
constituting  together  the  compound  mass  which  we  call  a  coal-seam,  but  each  maintaining  its  particular  position  and 
character  as  a  distinct  deposit  over  an  area  which  is  truly  astonishing.  Those  persons  who  are  conversant  with  large 
mining  districts  are  aware  of  the  many  instances  of  remarkable  persistency  in  these  subdivisions  in  the  coal-beds,  since 
it  is  frequently  by  their  means  that  the  miners  recognise  a  known  coal-seam  in  cases  of  difficulty.  Thus  the  largest 
bed  of  the  anthracite  fields  of  Pennsylvania  contains  almost  everywhere  a  particular  band  of  unusually  pure  coal,  not 
far  from  the  bottom,  generally  from  3  to  4  feet  in  thickness.  A  still  more  striking  example  occurs  in  the  great 
Pittsburg  Bed  already  spoken  of.  If  we  dissect  this  compound  mass,  and  trace  the  several  divisions,  we  become 
impressed  with  the  wonderful  distances  to  which  some  of  them  extend.  Not  to  enter  here  into  a  minute  discussion 
of  all  the  features  of  this  widely-distributed  seam,  it  will  suffice  to  state  that  it  consists  principally  of  thi-ee  members 
which  are  readily  recognised.  The  lowest  is  a  thick  bed  of  uncommonly  pure  coal,  the  middle  a  layer  of  soft  shale  or 
fire-clay,  about  1  foot  in  thickness,  and  the  uppermost,  or  roof  coal,  is  itself  a  compound  seam,  2  or  3  feet  thick,  of 
alternating  layers  of  coal  and  fire-clay.  Now  it  is  a  highly-instructive  fact,  that  this  general  triple  subdivision  prevails 
throughout  nearly  the  whole  range  of  the  seam  from  its  E.  to  its  W.  outcrops,  and  from  the  Conemaugh  in  Pennsyl- 
vania into  Western  Virginia,  for  a  distance  of  more  than  200  miles,  from  N.E.  to  S.W.  But  besides  this  fact,  each 
subordinate  portion  preserves  its  own  distinctive  features,  the  upper  member  being  everywhere  remarkable  for  its 
alternation  of  thin  bands  of  coal  and  shale.  Can  any  evidence  be  more  conclusive  as  to  the  uniformity  of  the  con- 
ditions under  which  every  part  of  this  coal-bed  was  produced  ?  There  must,  indeed,  have  prevailed  an  almost  perfect 
uniformity  in  the  state  of  the  surface  throughout  the  vast  area  which  it  occupies,  as  respects  even  the  formation  of 
the  thinnest  of  these  subdivisions.  Such  remarkable  sameness  of  action  throughout  the  same  geological  horizon, 
appears  absolutely  incompatible  with  any  mode  of  drifting  of  the  vegetable  matter.  Only  one  particular  process  of 
accumulation  appears  to  explain  the  occurrence,  in  such  cases,  of  these  thin  and  uniform  sheets  of  material,  of  which 
the  thickness  is  often  less  than  a  foot,  while  their  superficial  area  is  many  hundred  square  miles.  I  cannot  conceive 
any  state  of  the  surface  adopted  to  account  for  these  appearances,  but  that  in  which  the  margin  of  the  sea  was  occupied 
by  vast  marine  savannahs  of  some  peat-creating  plant,  growing  half-immersed  on  a  perfectly  horizontal  plain, 
and  this  fringed  and  interspersed  with  forests  of  trees,  shedding  their  leaves  upon  the  marsh.  Such  are  the  only 
circumstances  under  which  it  is  likely  that  these  regularly  parallel,  thin,  and  widely-extended  sheets  of  carbon- 
aceous matter,  could  have  been  accumulated. 

Independently  of  the  above  argument,  based  on  the  breadth  and  uniform  distribution  of  the  layers  in  the  coal, 
there  is  another,  drawn  from  the  striking  deficiency  of  earthy  sedimentary  particles.  In  many  of  the  purest  layers, 
the  total  proportion  by  weight  of  foreign  mineral  substance  in  the  coal,  is  less  than  two  per  cent,  sometimes  barely 
one  per  cent,  while  the  ratio  by  bulk  is  consequently  less  than  one  half  of  this.  So  extremely  insignificant  a  quantity 
is  what  we  should  expect,  on  the  hypothesis  of  a  tranquil  accumulation  in  wide  sea-meadows,  extending  far  out  from 
the  edge  of  the  ancient  shore,  where  no  turbid  currents  could  get  access.  It  is  as  inconsistent,  on  the  other  hand, 
with  the  notion  of  a  drifting  of  the  vegetable  matter  itself,  which,  according  to  any  conceivable  mode  of  transportation, 
would  be  accompanied  by  a  large  amount  of  earthy  matter,  such  as  abounds  in  all  deltal  deposits,  and  even  mingles 
with  the  wood  in  the  raft  of  the  Atchafalaya.  That  so  nearly  the  whole  of  the  suspended  mineral  matter,  even  to 
the  fine  particles  of  impalpable  clay,  should  have  subsided,  in  almost  every  instance,  before  the  first  portions  of  the 
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floating  vegetation  sank,  contradicts  all  observation  respecting  similar  actions  now  occurring.  The  introduction  of 
any  argillaceous  matter  into  the  transparent  waters  of  the  great  peat-morasses,  must  have  happened  in  the  manner 
of  an  exceedingly  quiet  and  diffused  silting  in,  or  more  properly  a  slow  intermingling,  of  very  slightly  turbid  water 
with  that  of  the  limpid  sea.  The  above  arguments  from  the  uniformity  in  the  distribution  of  the  vegetable  matter 
of  the  coal-seams,  and  from  the  absence  of  earthy  matters  in  the  coal,  have  been  already  employed  by  Mr  Beaumont 
as  objections  to  the  drift  theory,  in  a  communication  read  to  the  Geological  Society  of  London,  February  26th,  1840.* 

OF  THE  CHARACTER  OF  THE  STRATA  IN  IMMEDIATE  CONTACT  WITH  THE  COAL-SEAMS. 

Turning  from  the  structure  of  the  coal  itself  to  the  character  of  the  strata  usually  in  immediate  contact  with  it, 
we  discover  certain  prevailing  relations,  from  which,  by  a  careful  study,  much  light  is  to  be  derived,  both  as  to  the 
statical  conditions  and  the  order  of  the  physical  events  which  attended  the  production  of  the  whole  coal-formation. 
There  is  an  interesting  and  characteristic  difference,  in  point  of  composition  and  structure,  between  the  beds  bounding 
the  upper  and  lower  surfaces  of  every  coal-seam.  This,  though  of  great  significance  in  its  bearings  on  the  theory  of 
the  formation  of  coal,  has  never  been  distinctly  examined  with  that  view. 

Of  the  Material  underlying  the  Coal-beds. — The  deposit  upon  which  each  seam  of  coal  immediately  rests,  and  which 
I  shall  call  the  floor,  is,  with  a  few  rare  exceptions,  wholly  distinct  in  its  composition  from  the  roof,  or  that  which 
reposes  directly  upon  the  bed.  To  Sir  William  Logan  we  are  indebted  for  having  ascertained  the  highly  important  fact, 
that  the  floor  of  every  coal-seam  in  South  Wales  is  composed  of  a  peculiar  variety  of  more  or  less  sandy  clay,  distin- 
guished by  its  containing  the  Stigmaria  Jicoides.  "  Portions  of  the  stem  of  the  Stigmaria  are  found  in  other  parts  of  the 
Coal-measures,  but  it  is  only  in  the  under  clay  that  the  fibrous  processes  are  attached  to  the  stem,  or  associated  with 
it."t  Since  the  publication  of  his  Observations  on  the  Stigmaria  Beds  of  South  Wales,  the  same  gentleman  has  extended 
his  researches  to  the  United  States,  and  has  found  our  own  coal-seams  in  Peimsylvania  to  be  similarly  accompanied. + 
Sir  Charles  Lj^ell  has  also  shown  that  this  peculiar  stratum  underlies  the  bituminous  coal-beds  at  Blossburg,  in  Penn- 
sylvania. I  visited,  with  that  eminent  geologist,  the  anthracite  beds  of  the  Pottsville  and  the  Beaver  Meadow  basins 
in  Pennsylvania,  where  we  found  the  Stigmaria  bed,  in  the  same  position,  below  those  seams.  Still  more  recently,  I 
have  ascertained,  from  my  own  notes  on  the  geological  survey  of  Pennsylvania,  and  from  those  of  my  brother  in  relation 
to  Virginia,  that  this  deposit  accompanies  nearly  every  coal-bed  in  the  great  bituminous  coal-region  W.  of  the  Alleghany 
Mountain.  I  shall  take  occasion  presently,  however,  to  point  out  some  peculiar  exceptions  to  its  general  prevalence. 
The  theoretical  importance  of  this  generalisation  concerning  the  Stigmaria,  and  the  fire-clay  enclosing  it,  appears  to  have 
been  discerned  by  Sir  William  Logan,  but  he  has  not  offered  any  explanation  of  the  fact ; — the  following  passage  from  the 
published  abstract  of  his  paper  conveys  his  views  :  "  When  it  is  considered  that,  over  so  considerable  an  area  as  the 
coal-field  of  South  Wales,  not  a  seam  has  been  discovered  without  an  under-clay  abounding  in  Stigmaria,  it  is  impos- 
sible to  avoid  the  inference,  that  there  is  some  essential  and  necessary  connection  between  the  existence  of  the  Stigmaria 
and  the  production  of  the  coal.  To  account  for  their  unfailing  combination  by  drift  seems  imsatisfactory ;  but  what- 
ever may  be  the  mutual  dependence  of  the  phenomena,  it  affords  reasonable  grounds  to  suppose  that  the  Stigmaria 
jicoides  is  the  plant  to  which  we  may  mainly  ascribe  the  vast  stores  of  fossil  fuel."  I  am  not  aware  that  either 
Logan  or  any  other  geological  writer  has  attempted  to  account  for  the  great  frequency  of  this  stratum  immediately 
underneath  the  coal,  or  that  any  hypothesis  has  been  advanced  to  explain  the  general  prevalence  in  it  of  the  Stigmaria, 
and  the  absence  of  all  those  other  species  of  plants  which  abound  among  the  layers  of  tlie  coal  itself,  and  in  the  roof 
and  other  overlying  rocks.  One  main  object  of  the  following  theoiy  of  the  origin  of  the  Coal-measures  is  to  attempt 
the  solution  of  these  curious  facts.  § 

*  Beaumont,  "  Proceedings  of  the  Geological  Society,"  No.  69.  t  Logan,  Ibid.  %  Ibid.,  for  April  1S42. 

§  Since  this  memoir  was  written,  my  attention  has  been  called  by  my  brother.  Prof.  \Vm.  B.  Rogers  of  Virginia,  to  the  splendid 
work  of  Mr  Edward  Maminatt,  on  the  Coal-Field  of  Ashby  de  la  Zouch,  published  in  1834.  This  elaborate  description  contains  a  clear 
announcement  of  an  under  clay  for  almost  every  coal-seam,  and  mentions,  moreover,  the  presence  "of  a  distinct  single  vegetation"  in  that 
of  the  main  coal,  with  other  facts  and  suggestions,  since  confirmed  by  Mr  Logan  (now  Sir  William  Logan),  and  several  other  recent  writere 
on  the  origin  of  the  coal  strata.  I  cannot  find  that  the  obvious  claims  of  Mr  Mammatt  to  priority  as  a  discoverer  in  this  interesting 
subject  have  been  anywhere  acknowledged.  It  is  to  be  regretted  that  the  still  earlier  opinions  of  Werner,  De  Luc,  and  Adolph  Brongniart, 
attributing  tlie  vegetable  matter  of  the  coal-beds  to  a  growth  on  the  spot  where  the  coal  now  exists,  should  liave  escaped  so  generally 
the  attention  of  British  geologists,  with  the  exception  of  Mr  Lyell  (now  Sir  Charles  Lyell).|| 

The  following  passages  from  Mr  Mammatt's  work  will  convince  us  how  very  near  he  was  to  a  clear  conception  of  the  relations  of 
the  Stigmaria,  and  to  a  sound  doctrine  of  the  circumstances  under  which  the  coal-beds  were  accumulated  :  "  Seams  of  fire-clay  abound 
in  the  Ashby  coal-field,  and  there  are  very  few  coal-measures  (coal-seams  1)  which  do  not  rest  upon  it,  as  the  Sections  will  show."  And 
again  :  "  From  the  circumstance  that  so  many  cases  occur  where  a  tolerably  pure  fire-clay  lies  immediately  under  and  in  contact  with  a 


il  After  this  paper  was  written,  Dr  Buckland's  admirable  "  Anniversary  Address  to  the  Geological  Society  of  London,  for  1S41," 
appeared,  in  which  he  mentions  that  this  doctrine  has  been  entertained  by  De  Luo,  McCulloch,  Jameson,  Brongniart,  Lindley,  and  other 
writers. 
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The  Stigmaria  presented  iu  its  structure,  according  to  Jjindley  and  Hutton,  a  low,  dome-shaped,  fleshy  trunk,  or 
centre,  from  the  edge  of  which  there  radiated  a  number  of  horizontal  branches,  supplied  with  a  multitude  of  slender, 
cylindrical,  and  exceedingly  long  leaves.  The  fire-clay,  or  Stigmaria  clay,  as  we  may  indifterontly  call  it,  abounds  in 
these  delicate  leaves,  in  a  flattened  and  distorted  condition ;  and  it  is  partly  to  them,  and  partly  to  the  comminuted 
state  of  the  argillaceous  material  itself,  that  the  stratum  owes  its  characteristic  tendency  to  crumble  in  every  direction. 
The  branches  of  the  Stigmaria,  which  usually  lie  parallel  to  the  plane  of  the  stratum,  and  are  most  abundant  nearest 
the  coal,  it  has  been  suggested,  were  hollow  cylinders,  composed  entirely  of  spiral  vessels,  and  contained  a  thick  pith. 
The  plants,  according  to  Dr  Buckland,  probably  floated  on  the  water. 

Such  were  the  views  entertained  of  the  nature  of  Stigmaria  at  the  time  this  essay  was  written  (1842) ;  but  subse- 
quent researches  by  IM.  Brongniart  rendered  it  probable,  and  actual  observation  by  Mr  Binney  of  Manchester,  made  a 
little  later,  proved,  that  Stigmaria  is  simply  the  root  oi  Sigillaria. 

OF  THE  EOOF  OP  THE  COAL. 
If  we  examine,  in  the  next  place,  the  strata  which  immediately  rest  upon  the  coal,  we  shall  discover  a  condition 
of  things  in  striking  contrast  with  the  phenomena  of  the  under-clay.  Instead  of  one  imiform  materia]  almost  invari- 
ably present,  composed  of  finely-divided  particles,  the  beds  overlying  the  coal  consist  of  nearly  every  variety  of  rock 
embraced  in  the  formation,  though  they  are  more  usually  some  form  of  laminated  carbonaceous  slate.  Both  in  its 
composition  and  structure,  the  roof  rock  manifests  signs  of  having  been  deposited  by  a  more  or  less  rapid  current.  In 
place  of  a  single  species  of  fossil  plant,  it  usually  includes  a  prodigious  variety ;  and  the  delicate  ramifications  of  these, 
instead  of  intersecting  the  bed  in  various  directions,  as  the  processes  of  the  Stigmaria  do  in  the  fire-clay,  lie  in  a 
singularly  disordered  and  fragmentary  condition,  in  planes  almost  invariably  parallel  to  the  bedding.  Lindley  and 
Hutton,  in  their  work  on  the  Fossil  Flora  of  Great  Britain,  give  the  following  very  accurate  description  of  the  mode 
in  which  the  organic  remains  occur  in  the  roof-slates  in  England,  and  the  account  is  equally  applicable  to  those  of  the 
United  States  :  "  It  is  the  beds  of  shale,  or  argillaceous  schistus,  which  afford  the  most  abundant  supply  of  these  curi- 
ous relics  of  a  former  world,  the  fine  particles  of  which  they  are  composed  having  sealed  up  and  retained  in  wonderful 
perfection  and  beauty  the  most  delicate  forms  of  the  vegetable  organic  structure.  Where  shale  forms  the  roof  of  the 
workable  seams  of  coal,  as  it  generally  does,  we  have  the  most  abundant  display  of  fossils.  The  principal  deposit  is 
not  in  immediate  contact  with  the  coal,  but  from  12  to  20  inches  above  it ;  and  such  is  the  immense  profusion  in  this 
situation,  that  they  are  not  unfrequently  the  cause  of  very  serious  accidents,  by  breaking  the  adhesion  of  the  shale- 
bed,  and  causing  it  to  separate  and  fall,  when,  by  the  operation  of  the  miner,  the  coal  which  supported  it  is  removed. 
After  an  extensive  fall  of  this  kind  has  taken  place,  it  is  a  curious  sight  to  see  the  mine  covered  with  these  vegetable 
forms,  some  of  them  of  great  beauty  and  delicacy ;  and  the  observer  cannot  fail  to  be  struck  with  the  extraordinary  con- 
fusion, anXl  the  numerous  marks  of  strong  mechanical  action,  exhibited  by  their  broken  and  disjointed  re7nai7is."  Such  is 
the  natui-e  of  the  roof  when  it  consists  of  the  usual  carbonaceous  shale  or  slate ;  but  in  the  Appalachian  coal-fields 
it  is  oftentimes  a  much  coarser  rock,  being  either  an  argillaceous  flaggy  sandstone,  or  a  coarse  arenaceous  grit,  or  even 
occasionally  a  silicious  conglomerate.  In  these  instances  the  enclosed  vegetable  remains  are  for  the  most  part  frag- 
ments of  the  larger  stems  or  branches  of  gigantic  arborescent  plants,  their  fronds  and  leaves  being  less  abundant. 
These  fragments  occur  in  all  postures  as  respects  the  plane  of  the  bedding — horizontally,  obliquely,  or  perpendicularly  ; 
and  betray,  in  their  broken  condition  and  irregular  mode  of  dispersion,  the  sudden  and  tempestuous  character  of  the 
currents  which  drifted  and  entombed  them.  Though  the  arenaceous  rocks  having  these  features  sometimes  rest  in 
immediate  contact  with  the  upper  surfaces  of  the  beds  of  coal,  they  more  frequently  lie  at  a  moderate  distance  over 
them,  an  argillaceous  laminated  slate  interposing  to  form  the  actual  roof.  A  further  indication  of  the  violence  of  the 
currents  which  strewed  these  coarse  materials  over  the  coal  is  sometimes  to  be  detected  in  the  composition  of  the  lowest 
portion  of  the  overlying  bed  of  grit  or  sandstone,  in  which  a  large  amount  of  coal,  in  the  state  of  powder  or  sand,  is 
disseminated  in  the  rock,  giving  it  a  dark  speckled  appearance.    This  is  of  very  common  occurrence  in  the  anthracite 

bed  of  coal,  it  may  be  inferred  that  sucb  clay  stratum  could  not  have  been  the  soil  where  the  vegetable  matter  grew  which  produced  the 
coal,  unless  this  vegetable  matter  was  a  moss,  a  peat,  or  some  aquatic  plant ;  because  in  the  clay  there  is  no  appearance  of  trunks  or  other 
vegetable  impressions,  beyond  slender  leaves,  as  of  a  long  grass. 

"  The  fact  that  particular  strata  accompany  the  main  coal  for  many  square  miles  would  support  the  idea  that  an  immense  flat  was 
originally  covered  with  the  substance  of  this  fire-clay  many  feet  thick,  and  that  upon  this  flat  there  took  place  a  uniform  growth  of  a 
distinct  single  vegetation,  which  must  have  occupied  the  position  for  a  long  period,  and  thus  furnished  the  substance  which  composes  the 
main  coal.  The  alternations  of  fire-clay  and  coal-seams  would  favour  the  notion  that  these  materials  were  originally  mixed  together  in  a 
fluid,  and  that  those  of  the  former,  by  their  gravity,  would  first  subside,  whilst  the  vegetable  matter,  or  tliose  of  the  latter,  would  undergo 
a  more  gradual  deposition.  Hence,  by  a  repetition  of  the  process,  the  alternations  of  the  strata  would  be  produced.  Besides,  it  may  be 
supposed  that  if  the  strata  of  coal  have  derived  their  origin  from  the  growth  and  destruction  of  a  forest,  some  portions  of  them  would 
have  been  thicker  than  others,  and  altered  in  quality,  or  have  retained  at  least  some  traces  of  forest  trees  ;  whereas,  on  the  contraiy,  most 
extraordinary  uniformity  in  quality,  compactness,  and  thickness  of  the  seams,  prevails  to  a  great  extent."  * 


*  Geological  Facts,  by  Edward  Mammatt,  p.  73. 
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coal-strata  of  Pennsylvania,  where  the  coarse  grit  not  unfrequently  rests  immediately  on  the  coal.  It  implies,  I  con- 
ceive, the  erosion  of  a  certain  portion  of  the  upper  surface  of  the  soft  carbonaceous  mass  by  the  friction  of  the  sandy 
current.  The  coaly  matter,  thus  disturbed,  would  subside  with  the  first  layers  of  the  sand  with  which  it  was  mingled. 
Sir  William  Logan  has  mentioned  a  still  more  striking  proof  of  the  energy  of  the  movements  which  occasionally 
occun-ed  during  the  formation  of  the  Coal-measures.  He  gives  an  account  of  actual  boulders,  or  rounded  pebbles  of 
coal,  in  the  Pennant  grit,  and  other  coarse  strata  of  the  coal-field  of  South  Wales. 

OF  THE  DIRECT  CONTACT  OF  COAL-BEDS  AND  MAEINE  miESTONES. 

In  the  preceding  account  of  the  strata  immediately  below  and  above  the  seams  of  coal,  I  intentionally  omitted 
to  inti'odtice  the  limestones  which  occasionally  compose  the  floor  or  the  roof,  sometimes  in  direct  contact  with  the 
coal.  The  portion  of  the  Appalachian  coal-formation  in  which  this  remarkable  contiguity  of  marine  calcareous  strata 
and  vegetable  or  terrestrial  coal  occurs,  is  the  great  W.  basin  of  the  Alleghany  and  Ohio  rivers.  I  have  already  men- 
tioned the  abundance  of  imquestionably  oceanic  limestones  in  this  coal-field,  and  stated  my  inferences  from  the  inter- 
esting fact,  that  they  augment  in  thickness  and  multij)ly  in  number  in  crossing  the  region  N.W.  As,  however,  the 
actvial  contact  of  beds  of  coal  and  limestone  is  of  rare  occurrence  in  the  coal-fields  of  other  countries,  and  as  the 
circumstance  must  have  an  influential  bearing  on  all  our  speculations  concerning  the  physical  conditions  prevailing 
at  the  formation  of  the  strata,  and,  to  a  certain  extent,  on  our  whole  theory  of  the  origin  of  coal,  I  shall  here  describe 
some  of  the  best-known  instances  before  I  reason  concerning  them. 

Confining  our  attention  to  the  great  W.  basin,  where  the  most  striking  cases  occur,  the  following  instances  of  this 
contact  present  themselves  in  the  ascending  order  : — 

First.  In  the  lower  division  of  the  main  Coal-measures  there  occurs,  near  the  town  of  Mercer  in  Pennsylvania, 
a  seam  of  good  coal,  having  a  tliickness  of  about  2  feet,  which  is  immediately  overlaid  by  a  bed  of  very  pure  limestone, 
also  about  2  feet  thick,  containing  a  variety  of  marine  organic  remains  of  the  genera  Tei-ebratula,  BeUerophon,  kc.  In 
some  spots  the  pure  coal  is  not  separated  from  the  pure  limestone  by  more  than  a  single  inch,  or  at  most  2  inches,  and 
then  the  interval  is  filled  with  a  calcareo-carbonaceous  shale. 

Secondly.  Higher  in  the  series,  but  still  in  the  lower  part  of  the  main  Coal-measures  of  Western  Pennsylvania,  we 
meet  with  a  bed  of  fossiliferous  limestone,  the  thickness  of  which,  in  many  neighbourhoods  near  the  Alleghany  River, 
is  about  15  feet.  It  contains  several  oceanic  species,  among  them  some  Crinoideoe,  two  species  of  Terebmtida,  and  a 
Goniatites.  In  some  places  this  stratum  embraces  a  thin  seam  of  coal,  4  inches  thick,  in  almost  dii-ect  contact  with 
the  limestone. 

Thirdhj.  The  limestone,  which  is  the  first  underneath  the  Pittsburg  Seam,  contains  a  bed  of  coal  1  foot  in  thick- 
ness, separating  two  of  its  lower  layers. 

Fourthly.  Near  Pittsburg,  the  great  coal-seam  frequently  rests  within  a  few  inches  of  this  underlying  limestone, 
in  which  are  a  few  occasional  fossils,  all  of  marine  genera.  In  these  places  the  dividing  layer  is  only  a  few  inches 
thick,  and  consists  of  a  bluish  fire-clay. 

Fifthly.  In  Fayette  County,  Pennsylvania,  the  great  limestone,  which  lies  above  the  Pittsburg  coal-bed,  encloses 
very  generally  two  thin  seams  of  perfect  coal,  immediately  in  contact  with  the  layers  of  the  rock.  These  coals  appear 
to  have  a  considerable  range,  extending  into  the  adjoining  counties.  The  largest  is  occasionally  2^^  feet  thick,  and  a  few 
inches  of  black  calcareous  slate  alone  separate  it  from  the  hard  limestone.  The  other  coal-bed  has  a  thickness  of  about 
1  foot,  and  its  surfaces  are  in  equally  close  contact  with  the  limestone.  Neither  of  these  beds  is  as  widely  expanded 
as  the  including  limestone. 

Sixthly.  Underneath  the  uppermost  workable  bed  of  coal  in  Western  Pennsylvania,  or  that  which  I  liave  termed 
in  my  Reports  the  Waynesburg  Seam,  there  is  a  stratum  of  limestone,  which  sometimes  encloses  a  thin  coal-bed, 
measm-ing  about  1  foot. 

Seventhly.  At  Putnam  Hill,  near  Zanesville,  in  Ohio,  a 'bed  of  limestone,  5  feet  thick,  rests,  according  to  Dr 
Hildreth,  on  a  seam  of  coal  1  foot  thick,  there  not  being  more  than  2  inches  of  fire-clay  interposed.  The  limestone 
contains  Encrini,  Tereh'attdce,  and  other  marine  fossils.* 

Eighthly.  The  same  writer  mentions  that,  on  the  Clear  Fork  of  Little  Muskingum,  in  Ohio,  there  is  a  seam  of 
good  bituminous  coal,  3  feet  thick,  reposing  directly  on  a  dark,  carbonaceous,  fossiliferous  limestone  8  feet  in  thickness. 
It  is  overlaid  by  another  limestone,  measuring  6  feet,  from  which  it  is  separated  by  a  very  thin  layer  of  shale. 

Ninthly.  Dr  Hildreth  further  states,  that  on  Wills's  Creek,  in  the  same  region,  a  coal-seam  5  feet  thick  occurs, 
resting  immediately  on  a  bed  of  limestone,  the  thickness  of  which  is  20  feet. 

I  might  cite  a  large  additional  number  of  cases  in  Pennsylvania,  Virginia,  and  Ohio,  in  proof  of  the  frequency  of 
the  contact  of  the  coal-seams  and  beds  of  limestone ;  but  I  have  been  disposed  to  establish  the  fact  chiefly  from  instances 
in  different  portions  of  the  formation,  and  to  show  that  the  contiguity  of  the  coal  and  limestone  is  often  maintained 
throughout  a  considerable  extent  of  country. 

*  Hildreth,  in  American  Journal  of  Science,  p.  31. 
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Having  presented  what,  I  trust,  is  a  sufficiently  full  sketch  of  the  leading  phenomena  of  the  Appalachian  Coal- 
measures,  and  shown  their  correspondence,  in  several  essential  features  of  structure,  to  the  coal-formation  of  Europe, 
I  shall  proceed  now  to  consider  what  inferences  we  are  entitled  to  draw  respecting  their  origin,  and  that  of  the  coal- 
formation  generally.  But  before  taking  this  theoretical  survey,  it  will  be  expedient  to  state  succinctly  the  views  of 
the  several  eminent  geologists  who  have  recently  written  on  this  subject.  I  feel  it  the  more  incumbent  to  do  this, 
since  some  of  the  speculations  I  shall  advance  are  but  modifications  of  hypotheses  already  published. 

From  a  passage  in  Lyell's  admirable  work.  The  Elements  of  Geology,  it  appears  that  M.  Adolphe  Bron- 
gniart,  after  comparing  the  phenomena  of  the  ancient  coal  and  its  fossil  plants  with  the  great  peat-mosses  of 
the  present  day,  states,  in  a  memoir  published  in  1838,  that  he  continues  to  adhere  to  the  opinions  originally  advanced 
by  Werner  and  De  Luc,  that  the  vegetation  entombed  in  the  carboniferous  strata  chiefly  grew  in  the  localities  where 
the  coal  is  now  found.*  Whether  M.  Brongniart,  however,  endeavours  to  conform  this  view  to  all  the  phenomena  of 
the  Coal-measures  imder  any  general  theory  of  their  origin,  I  am  not  informed,  not  having  seen  his  memoir. 

Mr  Hawkshaw,  in  a  communication  to  the  Geological  Society  of  London  in  1839,  describes  the  remarkable 
phenomenon  of  five  fossil  trees,  exposed  in  a  cutting  on  the  Manchester  and  Bolton  railway,  standing  erect  in  relation 
to  a  bed  of  coal,  8  or  10  inches  thick,  and  in  the  same  place  with  their  roots.  The  largest  of  these  was  5  feet 
in  diameter  at  the  base,  and  11  feet  high.  He  conceives  it  probable  that  they  grew  where  they  occur.  +  In  a 
subsequent  paper,  read  February  26,  1840,  Mr  Hawkshaw,  after  mentioning  the  discovery  of  another  fossil  tree, 
standing  on  the  same  coal-seam,  makes  this  observation  :  "  If  the  coal  be  considered  as  the  debris  of  a  forest,  it  is 
difficult  to  account  for  not  finding  more  trunks  of  trees  than  have  been  discovered  in  our  coal-basins  ;  and  it  is  only, 
perhaps,  by  allowing  the  original  of  our  coal-seams  to  have  been  a  combination  of  vegetable  matter,  analogous  to  peat, 
that  the  difficulty  can  be  solved."  % 

After  Mr  Hawkshaw's  first  communication,  Mr  Beaumont,  in  a  paper  read  to  the  same  Society,  November  6, 
1838,  upon  the  subject  of  the  same  trees,  states  several  objections  to  the  drift  theory  of  coal,  and  conceives  that  the 
vegetation  grew  where  it  is  found.  Upon  comparing  these  objections  with  my  own,  as  given  in  the  foregoing  pages,  I 
find  that  they  all  rest  upon  a  different  class  of  facts,  and  are  wholly  distinct  in  their  bearings.  Mr  Beaumont  states 
that  the  vegetation  which  formed  the  coal  grew  on  swampy  islands,  that  it  consisted  of  ferns,  calamites,  coniferous 
trees,  ifec,  which  operated,  through  their  decay  and  regeneration,  to  form  peat-bogs  ;  and  that  the  islands,  by  subsiding, 
were  covered  with  drifted  sand,  clay,  and  shells,  till  they  again  became  dry  land,  and  supported  another  vegetation ; 
and  this  process,  he  supposes,  was  repeated  as  often  as  there  are  coal-seams.§ 

Dr  Buckland,  in  commenting  on  this  hypothesis,  observes,  that,  "  in  denying  altogether  the  presence  of  drifted 
plants,  the  opinion  of  the  author  seems  erroneous ;  universal  negative  propositions  are  in  all  cases  dangerous,  and 
more  especially  so  in  geology.  That  some  of  the  trees  which  are  found  erect  in  the  coal-formation  have  not  been 
drifted,  is,  I  think,  established  on  sufficient  evidence  ;  but  there  is  equal  evidence  to  show  that  other  trees  and  leaves 
innumerable,  which  pervade  the  strata  that  alternate  with  the  coal,  have  been  removed  by  water  to  considerable 
distances  from  the  spots  on  which  they  grew.  Proofs  are  daily  increasing  in  favour  of  both  opinions,  namely,  that 
some  of  the  vegetables  which  form  our  beds  of  coal  grew  on  the  identical  banks  of  sand  and  silt  and  mud,  which,  being 
now  indurated  to  stone  and  shale,  form  the  strata  that  accompany  the  coal ;  whilst  other  portions  of  these  plants 
have  been  drifted  to  various  distances  from  the  swamps,  savannahs,  and  forests,  that  gave  them  birth  ;  particularly 
those  that  are  dispersed  through  the  sandstones,  or  mixed  with  fishes  in  the  shale  beds.  ||  In  these  views  of  Dr  Buck- 
land  Sir  Charles  Lyell  would  seem  to  concur,  as,  in  quoting  the  above  passage  in  his  Elements,  he  says  that  "  it  can 
be  no  longer  doubted  that  both  these  opinions  are  true,  if  we  confine  our  attention  to  particular  places." 

Another  paper,  on  the  same  subject  of  the  fossil  trees,  found  on  the  Manchester  and  Bolton  Railway,  was  read 
contemporaneously  with  the  last  communication  of  Mr  Hawkshaw.  The  author,  Mr  Bowman,  is  of  opinion  "  that  the 
theory  of  the  subsidence  of  the  land  during  the  carboniferous  era,  receives  much  support  from  the  phenomena 
presented  by  these  fossil  trees."  He  does  not  deny  that  plants  may  have  been  carried  into  the  water  from  neigh- 
bouring lands  ;  but  he  conceives  it  difficult  to  understand  whence  the  vast  masses  of  vegetables  necessary  to  form 
thick  seams  of  coal  could  have  been  derived,  if  drifted,  and  how  they  could  have  been  sunk  to  the  bottom  without  being 
intermixed  with  the  earthy  sediment  which  was  slowly  deposited  upon  them.  Another  difficulty  of  the  drift  theory, 
he  says,  "  is  the  uniformity  of  the  distribution  of  the  vegetable  matter  throughout  such  great  areas  as  those  occupied 
by  the  seams  of  coal."  I  have  myself  shown  that  this  uniformity  extends  even  to  the  subordinate  divisions  of  eacli 
seam.  Mr  Bowman  believes  that  the  coal  has  been  formed  from  plants  which  grew  on  the  areas  now  occupied  by 
the  seams  ;  that  each  successive  race  of  vegetation  was  gradually  submerged  beneath  the  level  of  the  water,  and 
covered  up  by  sediment,  which  accumulated  till  it  formed  another  dry  surface  for  the  growth  of  another  series 

*  Lyell's  Elements,  ii.  135,  Boston  edition.  +  Hawkshaw,  in  "  Proceedings  of  the  Geological  Society,  London,"  No.  64. 

X  Ibid.,  No.  69.  §  Beaumont,  in  "  Proceedings  of  the  Geological  Society,  London,"  No.  65. 
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of  trees  aud  plants,  and  that  the  submergences  and  accumulations  took  place  as  many  times  as  there  are  seams 
of  coal. 

In  reviewing  the  above  facts  and  opinions,  Dr  Buckland  conceives  that  a  luxuriant  growth  of  marsh  plants,  as 
Calamites,  Lepidoihndm,  SigiUaria,  kc,  may  have  formed  a  superstratum  of  coal,  resting  on  a  substratum  of  the 
same,  composed  exclusively  of  remains  of  Stigmarice  ;  and  in  accounting  for  the  marine  and  fresh-water  strata  alter- 
nating with  the  coal-beds,  he  appeals  to  the  intermitting  and  alternate  processes  of  subsidence,  drift,  and  vegetable 
gi'owth.f 

The  above  summary  of  the  recent  researches  and  speculations  of  geologists,  conveys,  I  believe,  a  correct  view  of 
the  state  of  opinion  at  the  present  time,  in  relation  to  the  interesting  problem  of  the  origin  of  the  coal  strata.  I  may 
now  venture  to  advance  my  own  explanation  of  the  phenomena,  and  to  indicate  wherein  I  diflfer  from  the  able  authors 
I  have  cited.  The  several  hypotheses  proposed,  do  not  attempt  to  account  for  some  of  the  most  remarkable  relation- 
ships among  the  strata,  such  as  the  extraordinary  frequency,  beneath  the  coal-beds,  of  the  Stigmaria  clay,  the  very 
general  occurrence  of  laminated  slates  immediately  above  the  seams,  and  the  singular  contrast  which  these  underlying 
and  overlying  rocks  present,  in  the  variety  and  condition  of  the  imbedded  vegetable  remains.  jSTor  do  they  explain 
satisfactorily  why  the  coal  itself  contains  so  few  traces  of  the  forest  trees  of  the  period,  either  in  a  prostrate  or  erect 
position  •  while  their  broken  stems  are  mingled  with  the  fragmentary  parts  of  the  Stigmaria,  in  more  or  less  abun- 
dance, in  all  the  coarser  rocks.    Perhaps  the  following  hypothesis  will  account  for  the  phenomena. 

Let  us  imagine  the  areas  now  covered  with  the  coal-formation,  to  have  possessed  a  physical  geogi-aphy,  in  which 
the  principal  feature  was  the  existence  of  extensive  flats,  bordering  a  continent,  and  forming  the  shores  of  an  ocean,  or 
some  vast  bay,  outside  of  which  was  a  wide  expanse  of  shallow  but  open  sea.  Let  us  now  suppose  that  the  whole 
period  of  the  Coal-measures  was  characterised  by  a  general  slow  subsidence  of  these  coasts,  on  which  we  conceive  that 
the  vegetation  of  the  coal  grew  ; — that  this  vertical  depression  was,  however,  interrupted  by  pauses  and  gradual 
upward  movements  of  less  frequency  and  duration,  and  that  these  nearly  statical  conditions  of  the  land  alternated 
with  great  paroxysmal  displacements  of  the  level,  caused  by  those  mighty  pulsations  of  the  crust  which  we  call  earth- 
quakes. Let  us  further  conceive,  that  during  the  periods  of  gentle  depression,  or  almost  absolute  rest,  the  low  coast 
was  fringed  by  great  marshy  tracts  or  peat -bogs,  derived  from  and  supporting  a  luxmiant  growth  of  Sfigmarice 
(SigiUaria  and  Lepidodendra),  and  that  along  the  landward  margin,  and  in  the  drier  places  of  these  extensive  sea 
morasses,  grew  the  Conlferce,  Tree-Fei'ns,  Lycopodicecece,  and  other  arborescent  plants,  whose  remains  are  so  profusely 
scattered  throughout  the  coarser  strata  between  the  coal-seams.  In  this  condition  of  things,  the  constant  decomposi- 
tion aud  growth  of  the  meadows  of  Siigmarice  would  produce  a  very  imiform,  extended  stratum  of  pulpy  but  minutely- 
laminated  pure  peat.  This  would  receive  occasional  contributions  from  the  droppings  by  the  scattered  trees  of  their 
leaves,  fronds,  and  smaller  portions,  which,  being  driven  by  winds  or  floated  on  the  high  tides,  would  lodge  among 
the  Stigmariie  in  the  marshes,  and  slightly  augment  the  deposit.  These  leaves  and  fronds,  covered  over  more  or 
less  rapidly  by  the  growing  Stigmarioe,  or  varying  in  their  tendency  to  decay,  according  to  the  abundance  or  defi- 
ciency of  their  juices,  would,  when  thus  enclosed,  pass  at  once  either  to  the  pulpy  state,  and  ultimately  form  coal, 
or,  by  the  more  rapid  extrication  of  their  volatile  portions,  remain  as  mineral  charcoal,  aud  preserve  then-  vegetable 
fibrous  structure.  In  both  of  these  conditions  of  coal  and  charcoal^  we  often  find  the  smaller  parts  of  plants  retaining 
their  organised  forms  among  the  laminte  of  the  purest  coal-seams.  Upon  this  view  of  a  gradual  accumulation  from 
the  Stigmarioe,  assisted  by  the  deciduous  parts  of  the  trees,  it  is  altogether  imnecessary  to  suppose  that  any  portions, 
even  the  upper  layers  of  the  coal-beds,  derived  their  vegetable  matter  from  the  stems  of  the  trees  themselves.  Thus 
the  absence  of  trunks  and  roots  from  the  coal  is  reconciled  with  the  occasional  occm-rence  of  their  fronds  and  lighter 
extremities.  Upon  no  other  hypothesis  respecting  the  physical  condition  of  the  region  which  produced  the  coal 
vegetation  than  that  here  imagined,  can  I  explain  the  singular  infrequency  of  fossil  trunks  standing  on  or  in  the 
coal,  or  account  for  their  occasional  occurrence,  as  in  the  instances  described  by  Hawkshaw  and  Bowman.  No  other 
supposition  seems  to  furnish  a  cause  for  the  absence  of  all  traces  in  the  coal  itself  of  the  larger  parts  of  arborescent 
plants,  and  for  their  equally  remarkable  abundance  in  a  broken  and  dispersed  state  in  the  overlying  strata. 

Assuming  such  to  have  been  the  condition  of  the  surface  during  the  tranquil  periods  of  the  accumulation  of  each 
coal-bed,  we  may  conceive  the  other  strata  to  have  been  produced  in  the  following  manner.  Let  us  suppose  an  earth- 
quake, possessing  the  characteristic  undulatory  movement  of  the  crust,  in  which  I  believe  all  earthquakes  essentially 
to  consist,  suddenly  to  have  disturbed  the  level  of  the  wide  peat-morasses  aud  adjoining  flat  tracts  of  forest  on  the  one 
side,  and  the  shallow  sea  on  the  other.  The  ocean,  as  usual  in  earthquakes,  would  drain  off  its  waters  for  a  moment  from 
the  great  Stigmaria  marsh,  and  from  all  the  swampy  forests  which  skirted  it,  and,  by  its  recession,  stir  up  the  muddy 
soil,  and  drift  away  the  fronds,  twigs,  and  smaller  plants,  and  spread  these  and  the  mud  broadly  over  the  surface  of 
the  bog.  In  this  way  may  have  been  formed  the  laminated  slates,  so  full  of  fragmentary  leaves  and  twigs,  which 
generally  compose  the  immediate  covering  of  the  coal-beds.  Presently,  however,  the  sea  would  roll  in  with  impetuous 
force,  aud,  reaching  the  fast  land,  prostrate  everything  before  it.    Almost  the  entire  forest  would  be  uprooted,  and 

*  Bowman,  iu  "  Proceediugs  of  Geological  Society,  London,"  No.  69.  t  Anniversary  Address  to  Geological  Society,  1S41. 


I 


THEORY  OF  THE  ORIGIN  OF  COAL. 


807 


borne  off  on  its  tremendous  surf.  Spreading  far  inland,  compared  with  its  accustomed  shore,  it  would  wash  up  the 
soil,  and  abrade  whatever  fragmentary  materials  lay  in  its  path,  and,  loaded  with  these,  it  would  then  rush  out  again, 
with  irresistible  violence,  towards  its  deeper  bed,  strewing  the  products  of  the  land  in  a  coarse  promiscuous  stratum, 
imbedding  the  fragments  of  the  broken  and  disordered  trees.  Alternately  swelling  and  retiring  with  a  suddenness 
and  energy  far  surpassing  that  of  any  tide,  and  maintained  probably  in  this  state  of  tempestuous  oscillation  by  fresh 
heavings  of  the  crust,  the  waters  would  go  on  spreading  a  succession  of  coarser  or  finer  strata,  and  entombing  at  each 
inundation  a  new  portion  of  the  floating  forest.  Upon  the  dying  away  of  the  earthquake  undulations,  the  sea,  once 
more  restored  to  tranquillity,  would  hold  in  suspension  at  last  only  the  most  finely-subdivided  sedimentary  matter, 
and  the  most  buoyant  of  the  uptorn  vegetation — that  is  to  say,  the  argillaceous  particles  of  the  fire-clay — and  the 
naturally  floating  stems  of  the  plants.  These  would  at  last  precipitate  themselves  together  by  a  slow  subsidence,  and 
form  a  uniform  deposit,  exhibiting  but  few  traces  of  any  active  horizontal  currents,  such  as  would  arise  from  a  drifting 
into  the  sea  from  rivers.  The  chief  portion  of  the  coarser  fire-clay  would  settle  first,  and  then  the  more  impalpable 
particles,  in  company  with  the  stems  and  leaves  of  the  uprooted  vegetation.  Thus  we  may  account  for  the  constant 
reproduction  of  the  peculiar  soil  of  the  coal-seams,  and  for  the  preservation,  particularly  in  its  upper  clayey  layers,  of 
the  Stigmaria  (Sigillaria) ;  the  simple  consequence  of  the  final  subsidence  of  these  materials  being  the  production  of  the 
necessary  substratum  of  another  coal-marsh.  The  marine  savannahs  becoming  again  clothed  with  their  matting  of 
vegetation,  and  fringed  on  the  side  towards  the  land  with  wet  forests  of  arborescent  Ferns  and  other  trees,  all  the 
essential  conditions  and  changes  that  constituted  this  wonderful  cycle  in  the  statical  and  dynamic  processes  belonging 
to  each  seam  of  coal,  and  the  beds  enclosing  it,  would  be  completed,  and  ready  to  be  once  more  renewed. 

Though  the  train  of  actions  here  imagined  enables  us  to  reconcile  the  indications  afforded  by  the  coal-beds  of 
periods  of  prolonged  tranquillity,  with  the  evidences  of  violent  aqueous  currents,  as  shown  in  the  composition  of  the 
coarser  mechanical  rocks ;  yet  a  complete  theory  of  the  coal-formation  calls  for  the  introduction  of  other  considera- 
tions connected  with  the  existence  and  positions  of  strata  derived  from  chemical  and  organic  agencies,  as  the  lime- 
stones, cherts,  and  beds  of  carbonate  of  iron.  The  analysis  already  given  of  our  Appalachian  Coal-measures  will  be 
seen  to  imply  a  slow  general  subsidence,  alternating  with  occasional  and  less-prolonged  movements  of  elevation,  and 
these  gentle  changes  of  level  interrupted  by  sudden  or  paroxysmal  heavings  of  the  crust.  Mr  Beaumont  was  the  first, 
I  believe,  to  suggest  a  subsidence  of  the  land  during  the  progress  of  the  coal-formation  ;  he  supposes  the  coal-beds  to 
be  the  result  of  a  "  luxuriant  vegetation,  covering  swampy  islands,  which,  by  the  settling  down  of  the  disturbed  crust 
of  the  earth,  were  covered  over  with  drifted  sand,  clay,  &c."  Subsequently  Sir  Charles  Lyell,  in  an  early  edition  of  his 
Elements  of  Geology,  proposed  a  somewhat  similar  view.  He  says,  "  If  the  superposition,  on  a  great  scale,  of  purely 
marine  strata  to  others  containing  coal  and  fresh-water  shells,  leads  us  to  infer  that  large  areas,  once  constituting 
estuaries,  deltas,  and  marshes,  sank  down  and  became  sea  during  the  carboniferous  period,  so  are  there  reasons  for  con- 
cluding that  in  many  cases  the  depression  of  the  ground  took  place  gradually,  and  that,  in  consequence  of  the  deposi- 
tion of  sediment,  the  same  space  was  again  and  again  converted  into  land,  and  laid  under  water."  In  another  passage 
he  suggests,  that  "  if  we  appreciate  the  full  strength  of  the  evidence  in  favour  of  continued  subsidence  in  the  coal-field 
of  South  Wales^  we  shall  be  the  less  surprised  to  learn  that  the  vertical  depth  of  the  superimposed  strata  is  enormous, 
amounting  in  some  places  to  no  less  than  twelve  thousand  feet."  *  Though  a  vast  perponderance  of  subsidcuce  over 
elevation  is  plainly  indicated  in  the  prodigious  thickness  of  the  Coal-measures,  each  particular  coal-seam  in  which,  was 
produced  successively  at  the  surface,  I  cannot  conceive  that  either  an  alternation  of  periods  of  subsidence  and  repose, 
or  an  uninterruped  prolonged  depression,  will  explain  the  phenomena  of  the  Appalachian  coal-rocks,  as  they  have 
been  here  described.  A  general  subsidence,  throughout  the  coal  period,  of  all  the  great  area  now  occupied  by  the 
Appalachian  basins,  is  proved,  independently  of  the  above  evidence  derived  from  the  natui-e  of  the  coal-beds,  by  the 
interesting  fact,  that  the  lower  seams  of  Ohio  and  Western  Pennsylvania  have  their  E.  limit  more  than  150  miles  to 
the  W.  of  the  general  E.  boundary  of  the  upper  ones  ;  and  as  we  ascend  in  the  formation,  the  beds  extend  successively 
more  and  more  to  the  E.,  or  in  the  direction  of  the  ancient  land.  But  considering  the  many  striking  instances  which 
I  have  recorded  of  the  close  approach  or  actual  contact  of  cei-tain  beds  of  coal  and  oceanic  limestone,  we  cannot  resist 
the  conclusion,  that  the  gradual  downward  movement  was  frequently  interrupted  by  a  slow  upward  one.  In  all  the 
instances  that  I  have  cited,  where  the  limestone  stratiim  immediately  underlies  a  coal-seam,  it  is  obvious  that  an 
upward  movement  of  the  land  must  have  taken  place,  so  gradually  as  to  be  unattended  by  any  sensible  commotion 
of  the  waters.  A  considerable  and  sudden  lifting  of  the  bed  of  the  sea  would  infallibly  have  caused  the  produc- 
tion of  violent  currents,  competent  to  spread  over  the  quiet  precipitate  of  limestone,  one  or  more  coarse  arenaceous 
or  argillo-arenaceous  strata.  That  the  intervals  of  repose  indicated  by  the  limestones  were,  like  those  of  the  beds  of 
coal,  sometimes  suddenly  terminated  by  earthquake  disturbances,  strewing  over  the  marine  sediments  the  materials 
of  the  land,  is  manifest  from  the  phenomena,  though  it  is  not  less  clear  that  the  cessation  of  the  periods  of  relative 
tranquillity,  marked  by  very  gradual  subsidence,  must  in  all  cases,  where  the  coal-beds  are  overlaid  directly  by  marine 
limestones,  have  been  effected  by  simply  a  more  rapid  process  of  depression.    Every  superimposed  limestone,  with- 


*  Ltell's  Elements,  Boston  edition,  vol.  ii.  pp.  128,  134. 
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out  an  interveuiug  roof-slate  or  sandstone  to  separate  it  from  the  coal,  affords,  I  conceive,  a  conclusive  proof  of  this 
increased  rate  of  submergence.  Perhaps  it  will  be  objected,  that  a  merely  accelerated  subsidence,  such  as  I  have  here 
supposed,  if  taken  in  conjunction  with  the  hypothesis  of  a  drifting  of  the  land-materials  by  rivers,  will  satisfactorily 
explain  all  the  facts  which  I  have  ascribed  to  the  turbulent  movement  of  the  sea  against  the  land  during  earth- 
quakes. But  though  it  is  highly  probable,  from  the  phenomena  of  nearly  every  extensive  coal-field,  that  rivers  did 
carry  into  the  parts  of  the  ocean  and  its  estuaries,  now  drained  and  occupied  by  the  coal  strata,  a  considerable  quantity 
of  argillaceo\is  deltal  deposits,  yet  it  is  difficult  to  imagine  how  any  moderately  raj^id  subsidence,  if  unaccompanied  by 
some  paroxysmal  movement,  could  create  a  current  energetic  enough  to  uproot  and  float  away  nearly  the  whole  of 
those  vast  forests,  which  evidently  grew  close  to  the  site  of  each  seam  of  coal,  and  to  snap  off  to  the  stumps  even  the 
most  colossal  trees.  Nor  is  it  easy  to  explain  why  such  a  quiet  submersion  of  the  swampy  forests  did  not  result  in 
the  preservation  of  the  trees  in  their  original  erect  posture,  by  the  drifting  around  them  of  the  supposed  river  sedi- 
ments. It  is  fair  to  infer,  that  so  long  a  line  of  coast  as  we  must  conceive  bordered  the  Appalachian  ocean,  if  we  may 
judge  from  the  great  longitudinal  extent  of  some  of  our  coal-seams,  was  not  destitute  of  rivers,  and  we  are  therefore  con- 
strained to  admit  that  some  amount  of  sedimentary  matter  must  have  entered  the  sea  in  that  manner  ;  but  at  the 
same  time,  we  have  only  to  notice  the  striking  deficiency  of  earthy  matter  in  the  numerous  coal-beds,  and  in  many  of 
the  strata  of  limestone,  to  be  persuaded  that  the  amount  of  material  contributed  to  the  Coal-measures  by  fluviatile 
transport  was  relatively  inconsiderable.  It  may  be  fairly  questioned,  whether  any  sensible  proportion  of  river  silt 
could  spread  itself  to  the  distance  of  150  or  200  miles  seawards,  over  the  great  coal- morasses  of  such  a  coast ;  and  yet 
we  are  compelled  to  assume  this,  if  we  deny  the  above  paroxysmal  theory. 

That  the  geological  and  geographical  changes  known  to  have  been  caused  in  modern  times  by  earthquakes,  entitle 
us  to  speculate  upon  their  agency  in  suddenly  shifting  the  level  of  the  low  tracts  once  occupied  by  the  marshes  and 
swamps  of  the  coal-seams,  must,  I  think,  be  conceded.  Few  geologists  will  deny  the  probability  of  frequent  changes, 
in  the  carboniferous  period,  analogous  to  that  which  took  place  in  the  great  jilain  at  the  mouth  of  the  Indus  in  the 
year  1819.  It  is  mentioned  in  Lyell's  Elements,  that  "extensive  flats  bordering  the  Indus  sank  down,  and,  for 
many  years  after,  vessels  were  forced  through  the  boughs  of  the  tamarisk  trees,  still  standing  erect."  * 

Should  the  foregoing  theory,  based  on  the  complicated  statical  and  dynamic  phenomena  of  the  Appalachian  coal 
strata,  be  correct,  then  have  we,  in  every  stratum  of  the  series,  not  mei-ely  a  new  picture  of  the  physical  geography  of 
the  region,  but  a  clear  legible  record  of  the  very  changes,  gradual  or  tempestuous,  of  which  each  in  its  turn  was  the 
result.  We  unclasp,  as  it  were,  a  whole  volume  of  hydrographic  charts,  displaying,  for  a  vast  succession  of  epochs,  the 
ever-changing  relations  of  the  laud  and  waters.  A  wide  tract  of  ancient  coast  is  at  one  time  occupied  by  the  ocean,  at 
another  by  an  immense  plain  filled  with  green  marshes  and  swamps,  and  at  another  by  dry  land  clothed  with  a 
tangled  forest.  But  we  behold  more  than  merely  these  several  conditions  of  the  surface  :  we  perceive  the  very 
transitions  themselves  which  revolutionised  the  geography ;  we  discern  the  ocean  in  the  very  act  of  encroaching  on  the 
land,  forming  extensive  marshes  where  before  the  whole  was  solid  shore  ;  we  actually  trace  it  in  its  gradual  retreat, 
exposing  its  own  marine  sediments  to  form  a  fertile  soil  for  vast  savannahs,  and  again  we  see  the  entire  region 
embracing  the  dry  land,  the  marshes,  and  the  sea,  heaving  and  undulating  in  the  billows  of  the  irresistible  earthquake, 
the  ocean  and  the  land  contending  for  mastery  in  the  tremendous  conflict. 

If  the  Appalachian  coal  strata,  whose  history  I  have  here  endeavoured  to  interpret,  exhibit  truly  the  above- 
imagined  conditions  and  events,  we  may  consider  the  entire  formation  as  constituting  a  stupendous  tide-gage,  regis- 
teriugthe  lengthened  ebbiugs  and  flowings  of  that  ancient  sea,  and  the  stormy  agitations  of  its  oscillating  waters,  as  the 
epoch  of  its  last  greatest  movement  and  final  drainage  drew  near. 

GRADATION  IN  THE  PHOPOETION  OP  VOLATILE  MATTEK  IN  THE  COAL  OF  THE  APPALACHIAN  BASIN'S. 

There  prevails  a  very  interesting  law  of  gradation,  in  the  quantity  of  volatile  matter  belonging  to  the  coal,  as  we 
cross  the  Appalachian  basins  from  the  S.E.  towards  the  N.W.  The  extraordinary  extent  of  area  over  which  this  law 
obtains,  and  its  intimate  connection  with  corresponding  gradations  in  the  structural  phenomena  of  the  region,  the 
description  and  theory  of  which  have  been  given  elsewhere  by  Professor  W.  B.  Rogers  and  myself,  seem  to  claim 
for  it  a  place  in  the  present  general  account  of  our  coal-measures.  The  gradation  may  be  thus  briefly  described  : — 
Crossing  the  Appalachian  coal-fields,  N.W.  from  the  great  valley  to  the  middle  of  the  main  or  W.  trough,  by  any 
section  between  the  N.E.  termination  of  the  formation  in  Pennsylvania  and  the  latitude  of  Tennessee,  we  find,  as  the 
result  of  multiplied  chemical  analyses,  a  progressive  increase  in  the  proportion  of  the  volatile  mattei-,  passing  from  a 
nearly  total  deficiency  of  it  in  the  driest  anthracites,  to  an  ample  abundance  in  the  richest  gaseous  coals.  The  exist- 
ence of  this  singular  law  of  transition  was  first  ascertained  by  me  in  1837,  in  which  year  1  made  mention  of  it  in  some 
public  lectures.  It  was  communicated  to  the  Association  of  American  Geologists,  at  J;heir  first  annual  meeting,  in 
the  spring  of  1840  ;  but  I  did  not  publish  it  in  print  until  the  following  winter,  when  it  was  briefly  alluded  to  in  my 
Fifth  Annual  Report  on  the  Geological  Survey  of  Pennsylvania.    Evidence  of  the  existence  of  such  a  gi-adatiou  in  the 
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coals  of  Western  Virginia  will  be  found  in  the  annual  reports  of  the  Geological  Survey  of  that  State  for  the  years 
1839  and  1840.  These  historical  references  are  here  introduced,  because  the  determination  of  the  general  fact  was 
the  result  of  many  laborious  analyses  of  our  coals,  made  by  my  brother  and  myself,  and  because  attempts  have  been 
made  by  others  to  establish  a  claim  to  the  discovery.  The  lists  of  analyses  contained  in  the  Reports  of  the  Surveys 
of  Pennsylvania  and  Virginia,  and  similar  data  not  yet  jjublished,  show  the  following  as  the  general  proportion  of  the 
bituminous  matter  in  the  different  belts  of  the  formation,  as  we  cross  the  region  from  S.E.  to  N.W. 

First,  In  the  most  S.E.  chain  of  basins  the  coal  is,  for  the  most  part,  a  genuine  anthracite,  containing,  however, 
sometimes  a  small  per-centage  of  bitumen,  and  always  a  little  gaseous  matter,  chiefly  hydrogen.  The  quantity  of  the 
volatile  matter  varies,  according  to  geological  locality,  from  about  six  to  twelve  or  fourteen  per  cent.  This  first  belt 
of  basins  embraces  all  the  anthracite  coal-fields  of  Pennsylvania,  the  slightly  bitviminous  ones  of  Broad  Top  on  the 
Juniata,  of  Sleepy  Creek,  of  the  Little  North  Mountain,  of  Catawba  Creek,  Tom's  Creek,  Strouble's  Pvun,  and  Brushy 
Ridge,  in  Virginia.  The  coal  of  the  Little  North  Mountain  is,  however,  a  true  anthracite.  All  of  these  coal-fields,  and 
insulated  patches  of  the  formation,  belong  to  the  most  distui'bed  portions  of  the  Appalachian  chain,  and  they  are  asso- 
ciated with  some  of  the  boldest  flexures  and  greatest  dislocations  of  the  whole  region.  The  first  or  S.E.  anthracite 
basin  of  Pennsylvania  presents  innumerable  sharp  flexures  and  close  plications,  with  inversion,  of  the  strata. 

Secondly,  In  the  next  well-defined  range  of  basins  farther  towards  the  N.W. — that,  namely,  of  the  Alleghany 
Mountain,  and  the  general  escarpment  of  which  it  is  a  part — the  proportion  of  volatile  matter  varies  usually  from  six- 
teen to  twenty-two  per  cent,  but  is  generally  about  eighteen  or  twenty  per  cent.  This  belt  includes  all  the  coal-fields 
situated  immediately  to  the  N.W.  of  the  Alleghany  Mountain  in  Pennsylvania,  also  the  Potomac  basin,  in  nearly  the 
same  line,  and  the  coal-fields  of  the  Little  Sewell,  and  the  E.  side  of  the  Big  Sewell  Mountain  in  Virginia.  The  posi- 
tion of  this  belt  of  the  Coal-measures  is  somewhat  W.  of  the  region  of  steep  flexures  of  the  strata,  and  beyond  all  the 
considerable  dislocations,  while  it  embraces  a  few  very  extensive,  regular,  and  nearly  symmetrical  anticlinal  axes  of 
the  flatter  form,  distinctive  of  their  intermediate  position  between  the  E.  and  W. 

Tliirdly,  The  great  Appalachian  basin,  with  its  subordinate  troughs,  forming  the  wide  coal-field  watered  by  the 
Ohio  River  and  its  tributaries,  embraces  a  series  of  coal-beds,  which  are  all  distinguished  by  a  still  larger  amount  of 
volatile  matter.  In  crossing  the  breadth  of  this  wide  coal-field,  we  find  a  very  material  alteration  in  the  character  and 
composition  of  the  coal.  Along  its  E.  side,  or  near  the  last  considerable  axis  of  the  Appalachian  chain,  the  amount  of 
volatile  matter  is  commonly  from  thirty  to  thirty-five  per  cent.  Westward  of  this  line,  on  the  Monongahela  River, 
both  in  Pennsylvania  and  Virginia,  the  proportion  approaches  to  forty  per  cent ;  while  still  farther  in  the  same  direc- 
tion, or  near  the  Ohio  River,  it  ranges  from  forty  to  even  fifty  per  cent,  according  to  local  circumstances.  In  this  most 
Western  or  main  coal-field,  the  flexures  of  the  strata  are  extremely  gentle,  and  comparatively  wide  apart ;  but  even  here 
we  obsei-ve  a  beautiful  progression  in  the  amount  of  the  bitumen,  as  we  recede  from  the  very  low  axes  which  traverse 
the  S.E.  side  of  the  great  plain.  What  renders  the  foregoing  comparison  of  the  several  ranges  of  the  coal-formation 
particularly  exact  and ,  satisfactory,  is  the  circumstance  that,  in  more  than  one  instance,  we  are  enabled  to  trace  the 
very  same  coal-seam,  through  its  various , degrees  of  bituminisation,  from  an  almost  true  anthracite  to  a  form  in  which 
it  possesses  a  full  proportion  of  volatile  matter.  Thus  the  great  Pittsburg  Bed,  to  take  it  as  an  example,  contains  on 
the  Potomac,  in  some  localities,  as  little  as  15.5  per  cent  ;  but  near  the  Eastern  margin  of  the  great  Western  basin,  as 
at  Blairsville,  and  again  in  Virginia,  it  has  about  thirty-one  per  cent ;  and  towards  the  middle  of  the  main  basin  at 
Pittsburg  and  on  the  Kenawha,  as  much  as  from  forty  to  forty-three  per  cent. 

The  cause  of  the  different  degrees  of  de-bituminisation  of  the  coals,  in  different  parts  of  their  range,  I  am  disposed 
to  attribute  to  the  prodigious  quantity  of  intensely-heated  steam  and  gaseous  matter  emitted  through  the  crust  of  the 
earth,  by  the  almost  infinite  number  of  cracks  and  crevices  which  must  have  been  produced  during  the  undulation  and 
permanent  bending  of  the  strata.  All  the  phenomena  of  modern  earthquakes  and  volcanoes  warrant  us  in  supposing 
that  the  elevation  of  our  coal-rocks,  if  effected  in  the  manner  I  have  imagined,  must  have  been  accompanied  by  the 
escape  of  an  immense  amount  of  hot  vapours,  the  chemical  and  thermal  agency  of  which  cannot  be  overlooked,  upon 
any  hypothesis  of  the  rending  and  uplifting  of  great  mountain-tracts.  It  is  easy  to  conceive  that  the  coal,  throughout 
all  the  E.  basins,  if  thus  effectually  steamed,  and  raised  in  temperature  in  every  part  of  its  mass,  would  discharge  a 
greater  or  less  proportion  of  its  bitumen  and  other  volatile  constituents,  as  the  strata  were  more  or  less  frequently  and 
violently  undulated  by  earthquake  action.  It  is  also'  obvious  that  the  more  Western  beds,  remoter  from  the  region  of 
active  movements,  less  crushed  and  fissured,  and  presenting  a  greater  resistance  to  permeation  by  the  subterranean 
vapours,  would,  in  virtue  of  their  mere  geographical  position  in  the  chain,  be  much  less  extensively  de-bituminised. 
The  striking  fact  that  we  nowhere,  not  even  in  the  most  dislocated  and  disturbed  districts  of  the  anthracite  coal-field, 
find  any  traces  of  true  igneous  rocks,  that,  by  their  contiguity  to  the  coal,  could  have  caused  the  loss  of  its  bitumen, 
is  a  circumstance  in  their  geology  which  goes  far  to  confirm  the  truth  of  the  hypothesis.  Precisely  in  proportion  as 
the  flexures  of  the  strata  diminish  in  our  progress  W.,  does  the  quantity  of  the  bitumen  in  the  coal  augment;  but  it 
is  diflicult  to  conceive  how  any  such  law  of  gradation  could  have  been  the  result  of  a  temperature  transmitted  by  con- 
duction from  the  general  lava  mass  beneath  the  crust,  for  that  would  imply  a  corresponding  increasing  gradation  in 
the  thickness  of  the  crust,  advancing  W.  under  the  coal-fields  j  whereas  such  an  inference  is  in  direct  conflict  with 
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the  fact  of  the  general  diminution  W.  of  the  Appalachian  rocks,  besides  being  inconsistent  with  all  correct  geothermal 
considerations,  which  forbid  our  imagining  so  unequal  a  conduction,  to  the  surface,  of  the  earth's  interior  temperature. 

FOSSILS  OF  THE  COAL  -  FORMATION. 

Without  attempting  here  a  full  enumeration  of  the  organic  remains  of  the  Appalachian  Coal-measures,  it  is  essen- 
tial that  we  examine  into  the  nature  of  those  which  may  assist  us  to  explain  the  physical  conditions  under  which  the 
different  materials  of  the  formation  were  produced. 

The  vegetable  remains  nearly  all  imply  a  humid  climate,  and  a  growth  in  a  wet  or  marshy  soil.  The  predominant 
plants  of  this  wide  coal-field,  as  of  all  the  other  chief  coal-fields  of  the  world,  appear  to  be  Ferns,  some  of  them  herba- 
ceous, some  arborescent.  Their  stems  and  fronds  are  very  seldom  to  be  met  with  either  in  the  under-clays  of  the  coal- 
beds  or  in  those  shales  which  are  nearest  allied  to  these  under-clays  in  their  composition.  On  the  other  hand,  they 
abound  in  the  strata  which  by  their  lamination  imply  deposition  from  gentle  currents,  such  as  the  argillaceous  sand- 
stones, but  especially  the  dark  carbonaceous  slates  and  shales,  which  in  many  instances  immediately  overlie  the  coal- 
seams,  or  are  imbedded  in  them.  The  perfectly  smooth  or  unrumpled  condition  in  which  so  many  of  the  fern-leaves, 
even  to  their  most  delicate  and  silky  leaflets,  are  preserved  between  the  laminae  of  the  slates,  indicates  that  they  cannot 
have  been  borne  along  by  turbulent  currents,  but  must  have  floated  tranquilly  in  nearly  stQl  water,  until  they  became 
imbedded  in  soft  sediment  on  a  quiet  bottom. 

Another  abundant  fossil  is  the  Lepidodendron,  a  genus  of  which  more  than  fifty  species  are  already  known  to 
pala3ontologists.  Of  these,  several  kinds  occur  in  the  Appalachian  coal-fields,  their  beautifully-marked  stems  being 
found  in  a  more  or  less  mutilated  and  crushed  state  in  the  coarser  rocks,  especially  the  sandstones,  but  sometimes  also 
in  the  argillaceous  beds,  and  even  in  the  laminte  of  the  coal  itself,  in  which,  and  in  the  black  slates  adjoining  the  coal- 
beds,  we  often  meet  with  the  slender  grass-like  leaves  ascribed  by  botanists  to  this  class  of  plants.  In  Pennsylvania 
the  remains  of  Lepidodendra  appear  on  the  whole  to  be  more  abundant  in  the  lower  Coal-measures  than  in  the 
upper,  while  the  reverse  of  this  is  true  of  the  ferns.  This  curious  tribe,  supposed  to  belong  to  the  order  Lycopodiacece, 
and  to  be  represented  by  the  living  club-mosses  abundant  in  tropical  climates,  was  evidently  one  of  the  chief  coal- 
producing  plants  of  the  Carboniferous  era.  Their  huge  flattened  stems  lie  imbedded  in  the  roof-slates  of  the  coal-beds, 
or  impressed  between  the  lamina)  of  the  coal  itself,  in  a  manner  which  suggests  that  they  gi"ew  in  a  matted  or  tangled 
manner  upon  the  surfaces  of  the  broad  wet  plains  in  which  the  coal  was  formed.  It  is  probable,  indeed,  from  their 
great  abundance,  and  their  suj^posed  capacity  for  taking  root  wherever  the  stem  touched  the  soil,  that  they  constituted 
a  predominant  feature  in  the  vegetable  landscape  of  the  wide  coal-producing  savannahs,  where  this  gigantic  cryptogam 
played  the  part  of  the  moss  or  sphagnum  of  the  peat-bogs  of  the  present  day.  The  frequent  occurrence  of  crushed  and 
broken  stems  of  Lepidodendrou  in  the  coarser  rocks  of  the  Coal-measures,  especially  in  those  which  directly  overlie 
the  beds  of  coal,  would  seem  to  intimate  that  this  plant  was  particularly  susceptible  of  being  torn  or  floated  away  by 
the  currents  which  overspread  the  coal-meadows  with  the  sandy  and  other  detrital  matter  of  these  rocks. 

Of  equal  importance  with  the  Ferns  and  Lepidodendra  is  the  plant  called  Sigillaria.  This  is  a  tree-like  fossil,  of 
cryptogamic  structure,  it  is  believed,  but  of  somewhat  higher  organisation  than  any  flowerless  plant  at  present  in 
existence.  In  the  structure  of  some  of  its  vessels  it  closely  resembles  the  Ferns,  to  which  it,  moreover,  bears  some 
affinity  in  the  scars  left  by  the  leaf-stalks  upon  the  surface  of  the  stem  It  deviates  from  the  Ferns  and  other  Crypto- 
gamia,  however,  in  displaying  slender  linear  leaves.  Of  the  genus  there  are  at  present  more  than  forty-five  species 
known  to  botanists.  Some  new  ones,  from  the  anthracite  coal-fields,  are  figured  on  Plates  XV.  and  XVI.  of  this  work. 
Though  allied  to  living  plants  of  humbler  stature,  the  Sigillaria,  in  some  of  its  species,  grew  to  a  stalwart  height  and 
bulk.  Their  stems,  which  appear  to  have  been  regularly  cylindrical,  and  destitute  of  branches,  have  been  seen  from 
1  to  y  feet  in  diameter,  and  from  40  to  70  feet  long.  We  remember  one,  visible  in  a  compressed  and  flattened 
state,  in  the  roof-slate  of  the  coal  at  Carbondale,  which  had  a  length  of  more  than  50  feet,  and  a  diameter  of  2  feet  at 
its  broader  end.  Colossal  as  this  genus  of  plants  was,  it  appears  to  have  possessed  a  mode  of  gi-owth  of  only  the  more 
lowly  organised  plants  of  the  present  day  ;  for,  in  addition  to  the  features  already  described,  it  subdivided  towards  its 
top  by  simply  forking,  not  by  throwing  off  true  branches.  The  stem,  moreover,  appears  to  have  consisted  largely  of 
soft  cellular  tissue,  in  virtue  of  which  it  was  very  easily  prostrated,  and  very  compressible  when  thrown  down ;  and 
hence  we  so  rarely  find  this  fossil  standing  erect  in  the  strata,  but  generally  see  it  in  a  squeezed  and  flattened  form, 
imbedded  between  the  strata,  and  its  interior  or  even  the  entire  mass  filled  with,  or  converted  into,  the  material  of  the 
rock  which  encloses  it.  But  the  most  remarkable  discovery  connected  with  Sigillaria  is  the  finding  Stigmaria  con- 
nected with  it  as  its  roots — a  relation  which  has  cast  a  flood  of  light  on  the  whole  theory  of  the  origin  of  coal.  This 
fossil  (the  Stigmaria),  as  already  intimated,  was  at  one  time  regarded  as  an  independent  plant,  and  was  supposed  to  be 
the  chief  plant  concerned  in  the  production  of  the  coal ;  but  the  eminent  French  botanist,  :M.  Brongniart,  guided  by 
certain  analogies  of  structure  between  Sigillaria  and  Stigmaria,  shrewdly  suggested  that  they  might  be  respectively 
merely  the  stem  and  root  of  the  same  organism  ;  and  this  astute  scientific  inference  was  soon  afterwards  (about  the 
year  1846)  amply  corroborated  by  the  almost  simultaneous  discovery,  in  Great  Britain  and  Nova  Scotia,  of  the  physical 
connection  of  the  two  fossils.  Several  stumps  of  Sigillaria  were  detected  by  Mr  Binney  in  a  railway- cutting  terminating 
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downwards  in  well-formed  roots,  identical  with  Stigmaria,  the  Stigmaria  resting  in  a  coal-seam,  and  the  stump  or  trunk 
enclosed  in  an  overlying  bed  of  sandstone.  Soon  afterwards,  Professor  Dawson  found  near  Cape  Malagash,  in  Nova 
Scotia,  an  instance  of  the  same  connection,  which  was  nearly  as  conclusive.*  Later  in  the  same  year,  Mr  Robert 
Brown,  of  Sidney,  discovered  still  more  perfect  and  convincing  instances  of  erect  Sigillaria,  terminating  in  Stigmaria  as 
roots,  in  the  coal-strata  near  Sidney.  A&  these  and  other  instances  have  been  already  cited  in  my  account  of  the  Nova 
Scotian  coal-fields,  I  need  not  multiply  examples  of  this  important  fact. 

Various  other  forms  of  vegetation,  common  in  the  coal-fields  of  Europe,  are  to  be  met  with  throughout  nearly 
every  part  of  the  wide  Appalachian  basin  and  its  outlying  troughs  ;  but  as  these  are  less  essential  to  the  theory  of  the 
origin  of  the  Coal-measures  than  the  preceding,  I  shall  pass  them  over  with  the  bare  mention  of  their  names.  The  genus 
Calamites  is  one  of  them,  existing  in  several  species  :  these  fossil  plants,  once  regarded  as  allied  to  the  existing  Horse- 
tails or  common  Equiseta,  but  in  gigantic  proportions,  have  been  pronounced  by  Brongniart  as  of  probably  higher 
structure  than  any  of  the  flowerless  plants.  He  has  indeed  brought  them  under  a  new  genus  Calamodendron,  which  is 
now  regarded  as  an  internal  pith  of  a  larger  plant ;  its  place  in  the  vegetable  kingdom  is  very  imjierfectly  understood. 
Asterophylites  is  another  coal-plant  frequently  found  in  our  coal-slates. 

The  sandstones  of  the  Coal-measures  not  unfrequently  exhibit  fossilised  stems  of  what  seem  to  be  coniferous 
trees  :  these,  and  the  other  tree-like  stems,  as  they  are  seen  in  the  Appalachian  coal-fields,  almost  invariably  lean  at  a 
low  angle  in  the  thick  sandstone  strata  which  enclose  them  ;  they  seldom  occur  in  the  shales,  but  ai-e  nearly  restricted 
to  those  coarser  rocks  which  appear  to  have  been  deposited  by  rapidly-flowing  currents.  It  is  not  a  little  curious  that 
nearly  all  of  these  trimks  dip  towards  an  opposite  quarter  from  that  towards  which  the  false  bedding  or  oblique 
lamination  of  the  surrounding  sandstone  itself  declines.  This  fact,  noticed  by  me  not  merely  in  Pennsylvania,  and  on 
the  Ohio  River  above  Gallipolis,  but  also  in  the  instance  of  the  celebrated  Craigleith  tree  near  Edinburgh,  and  in  the 
great  tree  of  the  Granton  quarry,  near  the  Firth  of  Forth,  goes  far,  I  think,  to  demonstrate  that  all  these  leaning 
stems  have  been  imbedded  in  the  manner  of  snags  in  actively-moving  currents,  their  butt-ends  settling  first,  and  their 
lighter  tops  pressed  forward  by  the  waters,  which  at  the  same  time  piled  the  sand  obliquely  about  them  with  a  forward 
dip. 


OF  THE  FORMATIVE  ACTIONS  CONCERNED  IN  THE  PRODUCTION  OF  THE 

PALEOZOIC  AND  OTHER  STRATA. 

Geology  recognises  four  classes  of  actions  in  the  production  of  the  stratified  envelope  or  outer 
crust  of  the  globe  :  1st.  Igneous  action,  or  the  effusion  of  mineral  matter  in  a  melted  state  ;  2d, 
Vital  action,  or  the  production  of  organic  forms  by  vital  secretion  of  the  elements  ;  3c/,  Chemical 
action,  or  precipitation  of  matter  in  a  solid  form  from  aqueous  solution  ;  and  ith,  Mechanical 
action,  or  the  strewing  of  mineral  fragments,  or  particles  already  solid,  by  the  waters — and  in  a 
less  extent  by  the  winds,  in  more  or  less  active  motion.  It  is  chiefly  of  the  last  function,  or 
that  of  stratification  by  moving  water,  that  I  propose  to  treat  in  this  place. 

The  essential  dynamic  conditions  of  sedimentation  by  water,  are,  first,  the  force  of  terrestrial 
gravitation  acting  perpendicularly  upon  suspended  or  floating  matter  ;  secondly,  the  approxi- 
mately horizontal  force  of  moving  water  exerted  either  continuously  or  intermittently;  and,  thirdly, 
the  resisting  force  of  friction,  operating  between  the  strewn  matter  and  the  floor  over  which  it 
is  propelled,  and  between  fragment  and  fragment  of  the  moving  material  itself. 

Water  will  deposit  or  let  go  solid  particles  suspended  or  floating  in  it  at  all  angles  of  sub- 
sidence, from  a  nearly  perpendicular  one,  when  it  is  in  a  state  of  almost  absolute  repose,  to  an 
approximately  horizontal  one,  when  its  velocity  is  very  great  in  comparison  to  the  sinking 
tendency  of  the  material  it  floats.  This  latter  element,  called  buoyancy,  is  itself  dependent  upon 
the  specific  gravity  and  the  degree  of  comminution  of  the  suspended  particles  ;  for  the  degree  of 
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comminution  measures  by  a  certain  law  the  ratio  of  surface,  and  therefore  of  resistance,  through 
friction,  to  the  force  tending  to  sustain  the  weight  or  downward  tendency. 

Perpendicular  Deposition. — In  the  case  of  water  nearly  at  rest,  the  conditions  of  precipitation  of  suspended  matter 
heavier  than  itself,  either  chemically  or  mechanically  derived,  are  extremely  simple.  The  subsidence  is  nearly  perpen- 
dicular, only  varying  in  slowness  as  the  solid  matter  is  more  or  less  buoyant,  and  in  depth  of  accumulation  as  the  time 
is  more  or  less  protracted,  and  the  amount  of  matter  in  suspension  more  or  less  abundant.  Strata  thus  produced  are 
remarkably  uniform  in  their  thickness,  and  constant  in  their  composition  and  degree  of  fineness,  are  free  from 
lamination,  and  are  very  massively  bedded.  .Where  the  sedimentary  matter  is  impalpably  fine,  and  the  water  in 
nearly  absolute  repose,  a  true  stratification  or  division  into  layers  scarcely  takes  place,  for  this  requires  either  some 
interruption  of  action,  change  of  material,  or  pai'tial  horizontality  of  movement.  On  the  other  hand,  the  entire  mass 
is  of  the  nature  of  a  homogeneous  pulp  without  horizontal  divisional  planes  or  partings.  Instances  of  this  mode  of 
deposition  are  not  infrequent  in  nature,  and  the  processes  of  the  industrial  arts  furnish  abundant  instances  of  it,  for 
example,  in  the  pulpy  magmas  of  the  precipitating  vats  of  every  large  chemical  work.  But  deposition  without 
stratification  may  and  docs  occur,  where  the  fragmentary  matter  is  coarse  and  heterogeneous,  as  when  a  torrent  or 
surge  of  water  sweeps  or  pushes  a  body  of  coarse  gravel  and  sand  into  dead  water,  or  into  an  opposing  current, 
capable  of  producing  at  their  line  of  miugling  a  local  and  temporary  cessation  of  the  onward  motion.  I  conceive  that 
the  unstratified  Till  of  the  Boulder-drift  has  been  simply  a  deposition  under  these  circumstances.  The  drift-conveying 
current  has  encountered  a  check  from  some  rebounding  wave  or  oscillating  pulsation  of  the  ground  over  which  it 
has  been  rushing,  has  reached  a  pause  in  certain  places  long  enough  for  a  perpendicular  heaping  together  of  its  pro- 
miscuous materials,  without  the  onward  motion  necessary  to  laminate  them. 

IStratification,  or  Deposition  iviih  Streunn;/,  hij  Water  in  Motion. — The  formative  or  reproductive  function  of  moving 
water  deserves,  I  conceive,  a  far  more  careful  study  than  it  has  hitherto  received  from  geologists.  Through  inatten- 
tion to  some  phases  of  the  action,  the  gravest  mistakes  of  theory  are  constantly  committed,  and  even  serious  mis- 
estimates made  respecting  the  depths  and  dimensions  of  formations. 

We  may  view  water  in  motion  as  possessing  two  modes  of  transportation  :  it  can  drive  before  it  a  mass  of 
fragmentary  mineral  matter,  too  coarse  or  heavy  to  be  actually  suspended  in  it,  propelling  it  against  much  mutual 
attrition,  and  the  retai-ding  friction  of  the  ground,  with  a  rolling  motion,  until  it  spreads  it  in  a  broad  sheet  upon  the 
surface  which  itself  previously  occupied  ;  or  it  can  hold  the  sedimentary  matter  in  a  state  of  suspension,  and  waft  it 
onward,  gradually  depositing  it  as  it  flows. 

Stratification  witliout  Suspension. — Inasmuch  as  nearly  all  rocky  substances  lose  almost  two-fifths  of  their  weight 
when  immersed  in  water,  it  is  obvious  that  the  rolling  material,  being  so  much  lighter  than  in  air,  encounters  so  much 
the  less  impediment  to  its  progress  from  resistance  by  the  bottom,  and  by  mutual  friction  of  its  lumps  and  particles. 
This  mode  of  strewing  of  the  loose  debris  of  the  laud  produces  necessarily  an  obliquity  in  its  bedding,  preci.sely  as  when 
a  rake  or  harrow  is  propelled  over  movable  earth  or  gravel  to  smooth  it  down  ;  the  surface  will  be  even,  and 
approximately  horizontal,  while  the  mass  will  be  formed  of  forward-dipping  layers,  successively  and  slantingly  deposited. 
As  the  action  in  such  cases  is  necessarily  more  or  less  paroxysmal  or  intermittent,  there  will  arise  in  this  mode  of 
dispersion  much  re-strewing  of  the  upper  exposed  portions  of  the  already  deposited  sediments.  If  the  movement  of  the 
water  is  energetic,  the  outward- pushing  current  will  be  followed  by  a  pause,  and  this  by  a  rebounding  or  shoreward 
motion  ;  and  the  result  of  this  change  will  be  the  deposition  of  a  horizontal  layer  upon  the  previously-formed  inclined 
oues,  and  immediately  upon  the  top  of  this  a  second  series  of  obliquely-bedded  strata  dipping  towards  the  land  ;  and 
this  cycle  of  oblique  and  horizontal  bedding  may  be  repeated  several  times  before  the  waters  return  to  rest,  or  assume 
a  permanent  current- movement.  In  many  instances,  the  second  push  of  the  waters,  especially  in  the  outward  direction, 
will  be  strong  enough  to  sweep  tip  and  re-disperse  a  part  of  the  matter  previously  laid  doT\'n,  and  thus  the  lower  sheet 
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Fig.  587. — Oblique  Deposition  by  Strewing-. 

will  have  its  beds  shaved  down  or  truncated,  and  a  new  series  of  layers  superposed  upon  them,  either  dipping  to  the 
same  or  opposite  quarters.  It  is  not  necessary  to  the  production  of  this  oblique  or  cross-bedding  that  the  surface  or 
floor  strewn  by  the  deposit  should  be  beneath  the  permanent  or  tranquil  level  of  the  sea  or  other  recipient  basin,  nor 
is  it  at  all  essential  that  the  floor  should  slant.    Every  one  who  has  carefully  examined  the  detrital  matter  left  by  a 
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violent  wave  or  torrent  that  may  have  suddenly  swept  over  the  dry  land,  as  when  a  great  river-dam  gives  way,  must 
have  noticed  that  the  materials  which  it  pushed  before  it,  even  upon  slightly-ascending  ground,  were  thus  slopingly 
laid  down.  Indeed  it  is  obvious  that  any  heavy  surge  of  water,  rushing  across  an  upland  tract,  will,  as  long  as  it 
retains  a  high  velocity,  and  meets  with  a  supply  of  loose  fragments,  or  with  strata  which  it  can  abrade,  necessarily 
deposit  its  rolling  dregs  in  this  forward-tilted  posture.  It  is  literally  a  case  of  smearing  on  a  grand  scale,  the  advanc- 
ing front  of  water,  or  most  actively-moving  wave  within  it,  being  the  knife  edge ;  and  as  in  all  examples  of  this 
mode  of  distribution  of  plastic  matter,  the  front,  being  resisted  below  and  propelled  above,  takes  on  the  sloping- 
attitude. 

In  the  mensiu'ation  of  the  strata,  thus  slantingly  deposited,  great  errors  may  be  committed,  whether  the  bed  retains 
their  original  posture  or  are  uplifted  by  a  subsequent  movement  of  the  crust;  as  will  appear,  if  we  consider  the  amount 
of  discrepancy  which  exists  between  the  actual  thicknesses  of  the  strata,  measured  from  one  horizontally  original  layer  to 
another,  and  their  calculated  thickness,  as  compiled  from  the  diameters  of  the  oblique  divisions  of  which  they  consist. 
xVnd  when  the  originally  horizontal  partings  are  wanting,  or  obscurely  traceable,  the  difficulty  of  avoiding  this  error 
from  obliquity  is  very  great,  and  vitiates  many  patient  measurements.  This  source  of  error  insinuates  itself,  iu  fact, 
into  all  trigonometrical  estimates  of  strata,  where  the  distances  across  their  outcrops  are  comparatively  great,  or  exceed 
by  many  times  the  spaces  between  the  main  divisions  of  the  formation  ;  for,  as  I  shall  presently  show,  all  mechanically- 
derived  deposits  are  oblique!)/  bedded  ^ipon  one  another  on  a  greater  or  less  scale. 

Stratijication  from  a  State  of  Suspension  in  Water. — In  all  instances  where  the  relation  of  the  velocity  of  the  water  to 
the  bulk  of  the  particles  or  fragments — or,  in  other  words,  their  buoyancy — is  such  as  to  keep  them  from  reaching  the 
bottom  for  a  shorter  or  longer  distance  from  the  shore  or  permanent  water-line,  the  stratum  which  they  form,  whatever 
may  be  its  horizontal  dimensions,  will  exhibit  a  thin  edge  towards  the  land,  gradually  thicken  as  it  recedes,  and  then  still 
more  gradually  attenuate  till  it  ceases.  This  arises  from  the  floating  and  rolling  matter  coming  to  rest  only  as  the  velo- 
city of  the  current  declines,  from  the  precipitation  increasing  as  the  retardation  proceeds,  and  from  the  materials  becoming 
ultimately  exhausted.  It  is  obvious  that  between  the  two  limits  of  too  high  a  velocity  and  a  low  supply  of  slowly-falling 
particles,  there  must  exist  a  space  where  the  two  conditions  of  lessening  speed,  and  repletion  of  material,  are  to  gather  at  a 
maximum.  Every  stratum — every  formation,  indeed,  however  wide — which  is  the  product  of  one  formative  transporting 
current,  even  though  its  deposition  may  have  occupied  many  ages,  possesses  this  tapering-off  towaixls  both  its  landward 
and  seaward  margins  ;  in  other  words,  its  cross  section  is  fusiform.  But  while  it  displays  this  attenuation  in  both  directions, 
its  component  fragments,  whether  boulders,  pebbles,  grains  of  sand,  or  particles  of.  clay,  will,  in  the  aggregate,  show  a 
steadily  lessening  size  from  the  inner  to  the  outer  edge  of  the  deposit ;  and  wherever  we  meet  with  exceptions  to  such 
a  progressive  declension  in  their  coarseness  in  a  given  direction,  we  may  be  sure  that  some  change  ai-ose  in  the  velo- 
city, or  in  the  course  of  the  current ;  and  when  the  change  is  conspicuous,  we  are  to  regard  the  deposit  as  marking 
another  and  different  formative  stage. 

Now  it  should  be  observed  that  all  depositions  of  land-derived  mineral  substance  must  take  place  on  shelving- 
bottoms,  aud  the  sediments  themselves  must  form  a  succession  of  gently-inclined  planes.  Absolute  horizontality  can 
scarcely  arise,  nor  can  there  be  a  near  approximation  to  it,  except  in  tracts  far  removed  from  the  shore,  and  where  the 
currents  are  very  gentle,  steady,  and  long-continued.  Thus,  then,  the  feature  of  oblique  bedding,  or  the  successive 
overlapping  of  slanting  deposits  from  original  obliquity  of  deposition,  is  a  primary  fact  of  all  mechanical  strata.  It  is 
obvious  that  if  the  members  of  a  formation,  thus  slopingly  accumulated  upon  a  bottom  more  horizontal  than  them- 
selves, be  measured  for  thickness  by  the  usual  trigonometrical  process  of  taking  their  angles  of  dip,  and  the  breadth 
of  their  outcrops,  we  shall  be  liable  in  many  cases  to  commit  the  grossest  exaggeration  in  our  estimate  of  their  total 
depth  or  thickness.  As  a  general  rule,  the  difference  between  their  actual  and  their  calculated  mass  will  be  greater, 
the  greater  the  length  of  our  section,  other  things  remaining  constant ;  for  the  greater  the  breadth  of  outcrop,  the  more 
room  is  there  for  the  thinning  out  and  coming  in  of  deposits,  nowhere  to  be  found  vertically  superposed.    I  think  it 
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Fig.  588. — Oblique  Stratification  from  Suspension. 


will  be  found,  too,  that  conglomerates  and  coarse  sandstones,  by  tapering  more  rapidly  iu  their  dimensions  than  the 
finer  argillaceous  strata,  will  be  the  most  subject  to  over-estimation. 

From  the  considerations  here  presented,  it  seems  highly  probable  that  the  astonishing  thicknesses  recorded  by 
geologists  of  many  mechanically-formed  deposits — for  instance,  the  Coal-measures  of  South  Wales,  computed  at 
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9000  feet,  and  those  of  the  Joggings  in  Nova  Scotia,  estimated  at  14,000  feet ;  or  again,  the  Old  Eed  Sandstone  of  I 
Scotland,  calculated  at  5000  feet — are  all  egregiously  too  gi-eat  for  Nature.  The  serious  detriment  to  scientific  and 
practical  geology  of  an  habitual  over-estimate  of  the  depth  of  the  several  formations,  more  particularly  the  Carboni-  j 
ferous,  needs  no  comment.  In  computing  the  spaces  which  separate  the  seams  of  coal  in  a  group  of  Coal-measures,  I  have 
long  ceased  to  place  any  reliance  upon  trigonometrical  measurements  of  the  included  coarser  mechanical  rocks.  Where  i 
the  strata  outcrop  at  angles  sufficiently  steep  to  admit  of  direct  measurements  from  coal  to  coal,  either  perpendicu-  j 
larly  to  these  beds — the  surest  of  all  guides — or  on  a  horizontal  surface  across  a  narrow  interval,  very  little  error  need  j 
creep  in  ;  and  there  is  an  equal  correctness  where  the  stratification  of  the  coal-field  is  approximately  horizontal,  and  we  i 
measure  perpendicularly  through  all  the  rocks  intersecting  coal  after  coal.  ' 

Perhaps  the  most  remarkable  example  of  original  obliquity  of  deposition,  on  an  extended  scale,  to  be  met  with  any-  j 
where,  is  that  which  is  presented  by  the  Mesozoic  red  sandstone  of  the  Atlantic  slope  in  the  Middle  States.  This 
formation  exhibits,  in  New  Jersey  and  Pennsylvania,  a  width  in  many  places  of  more  than  25  miles,  yet  it  displays 
but  one  direction  of  dip,  or  one  series  of  original  planes  of  sedimentation,  throughout  this  entire  space.    The  slope  of  | 
the  beds  is  everywhere  N.,  and  at  angles  varying  from  lO''  to  30°.    Now,  if  computed  trigonometrically,  this  forma- 
tion should  possess  a  depth  of  many  miles  ;  yet  there  is  the  araj^lest  evidence  in  the  physical  geography  of  the  region 
and,  above  all,  in  the  exposure  by  denudation,  of  the  floor  upon  which  it  rests,  that  it  is  eMremely  shallow.    In  the 
neighbourhood  of  New  Hope,  some  13  miles  from  its  S.  margin,  where  the  formation  should  have,  by  the  usual  rule  ot 
estimation,  a  depth  of  not  less  than  10,000  or  12,000  feet,  its  bottom  is  actually  exposed,  and  its  thickness  is  not  more  | 
than  oO  feet.    It  was  deposited,  in  truth,  in  a  wide  shallow  estuary  or  tidal  bay,  ascending  S.W.  into  a  broad  shallow  j 
river,  but  its  materials  were  swept  in  from  the  S.  and  S.E.  across  its  channel,  which  evidently  lay  next  its  N.AV.  shore, 
and  were  slantingly  laid  down,  the  whole  process  assisted  ^^robably  by  a  gradual  lifting  out  from  beneath  the  water  | 
of  its  S.E.  coast,  accompanied  by  a  rising  of  the  land  in  that  direction.  ' 

Having  discussed  as  succinctly  as  possible  the  mechanical  conditions  of  the  sediments,  coarse  and  fine,  upon 
a  stationary  floor,  I  might,  if  space  permitted,  consider  with  profit  the  effects  on  stratification  upon  a  great  j 
scale,  produced  by  movements  of  the  crust,  or  shiftings  of  level  of  the  land  and  sea,  both  secular,  or  gi-adual  and  1 
prolonged,  and  paroxysmal,  or  sudden  and  violent.     Even  in  the  now  existing  comparatively  quiescent  state  of  the  j 
earth's  crust,  the  relative  level  of  the  ocean,  and  the  lands  confining  it,  remains  nowhere  absolutely  constant,  but  is  , 
ever  slowly  shifting,  secularly  or  paroxysmally,  or  in  both  modes  combined.     In  some  regions  it  is  with  elevation,  in  j 
others  with  permanent  subsidence  of  the  land.     But  these  changes  must  have  been  both  more  extensive  vertically 
and  more  rapid  in  the  ancient  periods,  when  the  earth's  crust  was  manifestly  more  flexible.     Let  us  take  a  glimpse  of 
some  of  the  more  obvious  results  of  these  grand  mutations  of  level. 

1.  Wide  tracts  of  coast,  including  the  shelving  bed  of  the  adjoining  sea,  are  liable,  and  have  been  in  all  geological  | 
ages,  to  a  general  equably-distributed  uprising  and  subsidence.    If,  while  deposition  is  steadily  proceeding,  the  watery 

floor  receiving  it  is  either  gradually  or  by  sudden  shocks  permanently  lifted  by  a  self-parallel  movement,  it  is  plain  ' 
that,  throughout  the  space  thus  shifted  in  level,  the  sediments  formed  at  successive  stages  must  be  more  and  more  j 
restricted  in  their  horizontal  limits.  Each  later  sea-margin  will  lie  somewhat  more  seaward  than  its  predecessor, 
while  the  opposite  or  seaward  edge  of  the  deposit  will  overlap  or  lie  beyond  in  the  same  direction.  Thus  we  see  | 
that  no  two  successive  parts  of  a  formation  so  produced  will  be  strictly  superposed,  but  will  lie  like  a  pile  of  paper  i 
whose  leaves  have  slipped  a  little  obliquely  on  each  other.  The  stratification  of  the  gi-eat  Appalachian  coal-field  j 
offers,  I  think,  some  interesting  exemplifications,  hereafter  to  be  adverted  to,  of  this  important  feature  of  the  under  I 
and  over-lapping  of  the  original  edges  of  parallel  beds.  i 

2.  If,  on  the  other  hand,  the  coast  and  adjacent  sea-bottom  gradually  or  intermittently  sinks  with  a  self-parallel  | 
movement,  the  successive  sheets  of  sediment  will  encroach  landwards,  and  both  their  margins  will  shift  from  the  ' 
previous  area  of  the  water  towards  that  of  the  land.    Here  the  overlapping  wiU  be  next  the  land-side,  each  later  deposit 

having  its  margin  farther  in. 

The  views  now  presented  apply  not  merely  to  sediments  produced  on  the  level  of  the  sea,  or  on  a  water-covered 
floor,  but  equally  to  accumulations,  limited  by  physical  conditions,  only  prevailing  at  the  water-side.  They  apply,  in 
other  words,  as  well  to  the  terrestrially-formed  beds  of  coal  as  to  the  more  purely  aqueous  deposits  of  shale  and  : 
sandstone  which  commonly  enclose  them.  Every  coal-seam  was  once  a  wide  level  peaty  meadow  or  morass,  resting 
at  or  very  little  above  the  sea-level,  or  the  level  of  some  broad  sheet  of  water  ;  and  its  accumulation,  from  a  redundancy 
of  vegetable  Hfe,  depended  upon  a  nice  adjustment  of  the  conditions  of  humidity  and  dryness.  The  extension  of  this  : 
vegetation  must  have  been  restricted,  on  the  side  towards  the  water,  by  an  excess  of  moisture,  on  the  land  side  by  a 
deficiency ;  for  we  are  sufficiently  familiar  with  the  structure  of  the  coal-producing  plants  to  know  that,  while  they 
could  not  have  grown  entirely  immersed  in  water,  they  could  as  little  have  flourished  upon  an  upland-rolling  surface, 
where  their  roots  and  lower  stems  could  not  be  kept  constantly  moist. 

Other  modes  of  fluctuation  of  level  of  land  and  sea,  introducing  their  own  special  conditions  of  stratification  and  | 
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superpositiou  of  sediments,  present  themselves  to  our  notice.  Such  are  chiefly — 1 .  A  secular  or  paroxysmal  rising 
of  the  land,  and  adjoining  sea-bottom — the  ocean  remaining  always  stationary, — with  broad  undulation  ;  and,  2.  A 
depression  of  a  coast,  and  the  contiguous  watery  floor,  with  a  similar  departure  from  self  parallelism.  Each  of  these 
modes  of  alteration  of  level  may  be,  or  rather  must  be,  accompanied  by  either  a  greater  rapidity  in  the  rising  or  in 
the  sinking  of  the  shore  than  of  the  sea-bottom,  or  by  the  reverse — a  more  rapid  rising  or  sinking  of  the  bed  of  the 
sea  than  of  the  land.  In  other  words,  an  unequal  rate  of  subsidence  or  elevation  of  a  coast,  compared  with  its  opposite 
sea-bed,  includes  four  categories — 1.  A  more  rapid  lifting  of  the  coast  than  of  the  remote  watery  floor  ;  2.  A  more 
rapid  lifting  of  the  latter  than  of  the  former ;  3.  A  more  rapid  sinking  of  the  shore  than  of  the  sea-bottom ;  and, 
■4.  A  more  rapid  sinking  of  the  sea-bottom  than  of  the  shore. 

With  each  of  these  slow  or  secular  movements,  there  is,  and  always  must  have  been,  associated,  but  more  actively 
in  the  earlier  geological  ages,  occasional  paroxysmal  undulations  of  the  surface  ;  and  these  long-continued  secular 
sinkings  and  risings  of  the  land  and  abrupt  paroxysmal  ones  resulted  in  permanent  low  flexures  of  the  crust  in  great 
alternate  zones.  But  to  enter  upon  a  special  analysis  of  the  effects  of  these  several  modes  of  displacement  of  the 
relative  level  of  land  and  water,  would  take  me  too  far  from  my  present  purpose  of  this  essay,  which  is  to  discuss  only 
those  laws  of  geological  dynamics  which  possess  a  direct  scientific  and  practical  bearing. 


OEGANIC  EEMAINS  OF  THE  PALEOZOIC  STEATA  OF  PENNSYLVANIA. 


FOSSILS   OF   THE  PRIMAL  STRATA. 

The  only  organisms  hitherto  anywhere  discovered  in  the  Primal  strata  are  two  or  three  plants 
of  obscure  affinities,  a  worm-like  form  called  ScoUthus,  one  or  two  molluscs,  and  a  few  trilobites 
of  an  humble  type. 

The  few  vegetable  structures  seen  are,  without  exception,  related  to  the  marine  Alga),  or 
sea-weeds  ;  or,  more  strictly,  they  belong  to  that  doubtful  group  of  fossil  plants  called  Fucoids. 

The  best  specimens  met  with  in  the  Geological  Survey  of  Pennsylvania  were  found  in  the 
Primal  upper  slate  of  Chiques  Eidge  at  the  Susquehanna,  The  most  clearly  defined  form  is 
not  unlike  the  marine  plant,  Fucoides  duplex  of  Hall,  described  by  him  from  the  Primal 
sandstone  of  Lake  Superior  (see  Foster  and  Whitney's  Lake  Superior,  Plate  A,  23),  though  I 
would  by  no  means  affirm  that  it  is  the  same  species. 

Of  Animal  Remains,  by  far  the  most  abundant  form  is  the  ScoUthus  linearis  (see  Fig.  589).  This  cvu'ious 
fossil,  alluded  to  in  the  Annual  Reports  of  Virginia  and  Pennsylvania  imder  the  name  of  TubuUtes,  is  a  nearly 
straight  cylindrical  simple  stem-like  impression,  u.sually  almost  smooth,  but  in  some  specimens  faintly  waved  or 
grooved  transversely  to  its  axis.  Its  diameter  is  from  one-eighth  to  half  an  inch,  its  length  from  a  few  inches 
to  2  or  3  feet.  Its  position  in  the  rock  is  invariably  perpendicular  to  the  bedding,  suggesting  the  idea  of 
perforations  by  some  marine  worm.  One  end  of  the  fossil  always  terminates  at  the  upper  surface  of  the  bed  of 
sandstone  enclosing  it,  and  usually  in  a  rudely-flattened  knob  or  head,  giving  to  the  whole  a  likeness  to  a  large 
long  pin.  This  knob  is  probably  a  cast  formed  in  a  wide  conical  funnel-shaped  mouth  of  a  cylindrical 
perforation. 

Similar  stem-like  forms  occur  in  some  of  the  other  sandstones  of  the  higher  Appalachian  formations,  but 
none  are  so  well  characterised  as  this  species  of  tlie  Primal  wliite  sandstone.  (Our  figure  represents  the  cormga- 
tions  of  the  surface  rather  too  distinctly.)    An  excellent  locality  is  Chiques  on  the  Susquehanna. 

This  fossil  occurs  in  great  abundance  in  the  Blue  Ridge  of  Virginia. 

The  Primal  sandstone  is  also  characterised  by  a  species  of  Ltngula,  the  L.  prima  of  Conrad,  a  small 
obtusely-oval  shell,  resembling  somewhat  the  Lingula  curta  of  the  Matiual  limestone  (which  see).    Its  surface 
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Fig.  589. — Soolithus  linearis. 


is  fointly  marked  by  concentric  lines  and  delicate  longitudinal  strife.  It  is  by  no  means  so  common  as  the 
Scolitlius.    This  shell  is  not  luilike  the  Lingula  Davlsii  of  the  Lingula  flags  of  North  Wales,  one  of  the  oldest 

fossils  known  in  the  Pakt'ozoic  rocks  of  Europe. 

It  is  not  a  little  curious  that  these  extremely  ancient  Lingulfe  are  represented 
by  other  species  of  the  same  genus  in  strata  of  nearly  all  later  geological  dates, 
and  by  several  now  living  in  the  existing  waters  of  the  globe.  The  occun-ence  of 
the  same  genias,  so  Httle  modified  through  so  vast  a  lapse  of  geological  lime,  be- 
speaks a  general  uniformity  in  those  physical  conditions  of  the  ocean  affecting  the 
less  sensitive  forms  of  life,  wliich  is  instinctive.  As,  however,  the  few  primoidal 
species  are  not  identical  with  any  belonging-  to  subsequent  ages,  we  are  not 
entitled  to  infer  that  the  physical  circumstances,  especially  the  conditions  of  tem- 
perature and  pressure  with  which  they  were  in  harmony,  were  at  all  identical  with 
those  of  later  or  present  times,  for  many  existing  marine  genera,  and  eminently  so 
this  genus  Lingula,  possess  species  adapted  to  extremely  dissimilar  chmates  and 
zones  of  depth  in  the  ocean. 

In  extent  of  complexity  of  organisation,  the  genus  Lingula  by  no  means  ranks 
among  the  humblest  of  the  Mollusca;. 

It  is  an  interesting  fact,  that  the  shells  of  the  fossil  Lingula  abound  in  the 
phosphate  of  lime,  an  essential  element  of  bone.  Their  comparative  deficiency  in 
the  carbonate  of  lime  may  perhaps  account  for  their  frequency  in  piu-e  sandstones 
and  other  non-calcareous  strata.  The  presence  in  the  earUest  Palaeozoic  deposits 
of  creatures  thus  constituted  to  furnish  appropriate  food  to  the  races  endowed  with 
bony  skeletons,  leads  naturally  to  the  inquiry  whether  fishes  or  some  forms  of 
vertebrate  life  may  not  have  existed  to  prey  upon  them ;  nevertheless,  we  are 
scarcely  warranted  in  placing  so  mere  an  inference  in  the  scales  of  evidence 
where  we  have  on  the  opposite  side  the  universally-admitted  absence  of  the  equally 
indestructible  bones  and  ganoid  scales  of  the  fishes  of  the  earlier  age. 

Associated  with  the  Lingula  is  a  si^ecies  of  Obolus,  a  discoid  Brachiopodous 
shell,  equally  characteristic  of  the  oldest  Palaeozoic  strata  of  Europe.    It  has  been 
met  with  in  Wisconsin  (see  Owen's  ' 
Eeport) ;  and  I  have  myself  formd  a 
few  obscure  specimens  in  the  Primal  slate  of  Pennsylvania. 

Perhaps  the  most  interesting  organic  remains  of  the  Primal 
strata  are  their  Trilobites;  of  these  crustaceans,  eight  ornine  species 
are  already  known  to  characterise  the  formation,  though  hitherto  not 
a  relic  of  the  kind  has  been  discovered  in  either  of  the  Primal 
rocks  of  Pennsylvania.  Of  the  known  species,  seven  occur  in 
the  Primal  sandstones  of  Wisconsin  and  Minnesota ;  they  are 
described  and  admirably  illustrated  by  Dr  David  Dale  Owen,  in 
the  Report  of  his  Geological  Survey  of  Wisconsin,  Iowa,  and 
Minnesota.  They  are  named  Dikelocephalus  Minnesotensis,  D. 
Aliniskaensis,  D.  lowensis,  D.  Granulosus,  D.  Pepinensis,  Loncho- 
cephalus  Chippewaensis,  Crepicephalus  Wisconse7isis ;  these  species 
bear  a  marked  general  likeness  to  the  genus  Paradoxides  of 
Brongniart.  Until  this  discovery  by  Dr  Owen,  no  trilobite 
remains  were  known  in  any  American  formation  older  than 
the  Auroral  limestone.  More  recently  a  small  specimen  of 
apparently  a  new  species  of  Calymene  has  been  found  in  the 
Potsdam  sandstone  of  the  W.  side  of  Lake  Champlain,  near 
Keesport,  New  York ;  the  only  instance  in  which  a  trilobite 
has  yet  been  detected  in  this  formation  within  the  Appalachian 
chain. 

About  two  years  ago  some  very  distinct  impressions  of  an 
unusually  large  trilobite  were  discovered  in  Eastern  Massa- 
chusetts, S.  of  Boston,  upon  altered  argillaceous  sandstone,  in  a 
geological  zone  previously  regarded  as  entirely  destitute  of  or- 
ganic remains  ;  they  were  submitted  to  Prof.  Wm.  B.  Eogers,  who 
recognised  their  trilobite  structure,  and  after  farther  search  for 
better  specimens,  ascertained  their  specific  affinities.  He  has 
shown  that  they  belong  to  the  genus  Paradoxides,  and  very  pro- 
bably to  the  also  European  species  Paradoxides  spinosus,  a  genus 

and  species  characteristic  of  the  oldest  fossiliforous  formations  of  Fm.  590.- Paradoxides  spinosus  from  a  quarry  in  Quincy^ 

Massachusetts,  one-third  its  natimil  size. 
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Europe.*  These  relics  render  it  highly  probable  that  some  of  the  altered  rocks  of  Eastern  Massachusetts  are 
coeval  with  the  Primal  series  of  the  Appalachian  basin. 

An  interesting  analogy  presents  itself  in  the  general  striicture  of  all  these  Primal  or  Primordial  trilobites ; 
it  is  their  resemblance  to  the  immature  forms,  or  earlier  stages  of  metamoi-phism,  of  the  more  complexly  organised 
trilobites  of  later  geological  ages  :  evidence  of  this  likeness  will  appear  upon  comparing  Paradoxides  dikelo- 
cephalus,  or,  in  truth,  any  of  these  earlier  crustaceans,  with  the  figines  upon  Barrande's  plate,  exliibiting  the 
transitions  through  which  his  species,  Sao  hirsuta,  has  passed  from  its  lowest  stages  of  development  to  full  maturity. 
But  a  tine  homology  of  parts  must  be  established  to  lend  this  resemblance  any  value. 

ORGANIC  REMAINS  OF  THE  AURORAL  STRATA. 

None  of  the  organic  remains  of  the  Primal  strata  recur  in  the  Auroral  or  next  overlying  series.  The  total 
number  of  fossil  species  from  the  Appalacliian  Auroral  rocks  at  this  time  recognised,  cannot  be  less  than  one 
hundred,  and  all  of  them  appear  to  have  come  into  existence  after  the  revolution  in  the  physical  geography  of 
the  Palfeozoic  waters,  which  closed  the  Primal  formations,  and  initiated  the  very  dissimilar  Auroral  ones.  Marine 
plants,  zoophytes,  molluscs,  and  crustaceans,  comprise  the  great  organic  types  hitherto  discovered  in  the  Auroral 
limestones,  the  humblest  forms  being  a  few  so-called  fucoids  or  sea-weeds,  and  the  highest,  certain  species  of 
trilobites. 

Of  the  Plants,  the  only  species  seen  in  Pennsylvania  has  been  the  Palaophicus  tuhidaris  of  Hall  (see 
Pala:ontolo(]ij  of  New  York,  Vol.  I.  Plate  II.),  and  even  it  is  rare. 

Of  the  Polyzoans,  the  Retepora  incepta  {Paleontology  of  New  York,  Plate  IV.)  may  be  frequently  met  with  in 
the  blue  Auroral  limestone  of  the  anticlinal  valley  of  Centre,  Blair,  and  Bedford  counties. 


Fig.  591. — Leptsena 
incrassata. 


Fig.  593. — Jlurchisonia 
bicincta. 


Fig.  594. — Raphistoma  staminea. 


Fig.  592. — Atrypa 
plicifera. 

The  moUusca  proper  are  much  more  numerous,  nearly  all  the  species  figured  and  described  in  the  Palwontology 
of  New  York  being  met  with,  though  for  the  most  part  difficult  of  development,  from 
the  partially  metamorphic  limestone  imbedding  them. 

A  somewhat  common  species  is  the  Leptana  incrassata  (see  Fig.  591),  seen 
in  Kishicoquillas  and  Nittany  valleys.  Another  abundant  bracliiopodous  shell 
occurring  in  the  same  lines  of  outcrop  is  the  Atrypa  plicifera  (see  Fig.  592). 

Among  the  gasteropodous  molluscs  the  Pleurotomaria  umbilicata,  P.  nucleolata 
(see  Palaeontology  of  New  York,  Vol.  I.  Plate  X.),  Ophileta  levata,  Murchisonia 
hicincta  (see  Fig.  593),  Raphistoma  striata,  R.  staminea  (Fig.  594),  and  the  beautiful 
fossil  Maclurea  magna  of  Leseuer  (Fig.  595),  are  perhaps  the  most  common. 

In  the  lower  or  sandy  beds  I  have  found  Euomphilus  imgulatus,  Maclurea  matu- 
tinas,  and  Pleurotomaria  turgida,  but  this  member  of  the  formation  is  seldom  well 
enough  exposed  in  Pennsylvania  to  yield  good  fossils.  The  Orthocerata  are  not 
common ;  perhaps  the  species  most  frequently  met  with  is  Orthoceras  midticame- 
ratum,  a  figui'e  of  which  is  here  given  (see  Fig.  596).  Ormoceras  tenuifilum 
occurs,  but  more  seldom.  The  commonest  crustacean  in  this  formation,  in 
Pennsylvania,  is  the  Isotelus  canalis  of  Conrad.  There  also  occurs  a  species  oi  Leperditia  (Cytheriua),  the  Leper- 
ditia  ovata  of  Eupert  Jones — (see  Fig.  697,  p.  834). 


Fig.  595.— JIaciurcu  inu^iia. 


Fig.  590. — Orthoceras  multicameratum. 


*  See  "  Proofs  of  the  Protozoic  Age  of  some  of  the  Altered  Rocks  of  Eastern  Massachusetts."  by  Professor  W.  R.  Rogkrs  (Pr 
ceedinrjs  of  the  American  Academy  uf  Arts  and  Sciences,  vol.  iii.) 
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ORGANIC  REMAINS  OP  THE  MATIN AL  STRATA. 

Matinal  [Trenton)  Limestone. — The  entire  Matiual  series  has  up  to  this  date  afforded  naturalists  not  fewer 
than  300  fossil  species,  and  at  least  200  of  these  are  restricted  to  the  Matinal  limestone.  It  is  a  striking  fact, 
that  though  this  limestone  stratiim  succeeds  immediately  other  limestones,  and  without  any  physical  break  between 
them,  its  organic  remains  are  almost  entirely  different — less,  probably,  than  ten  per  cent  being  common  to  the  two 
formations.  So  abiiipt  a  transition  in  the  inhabitants  of  the  early  Palpeozoic  waters  is  perhaps  in  part  explained 
by  the  argillaceous  nature  of  the  Matinal  rock,  the  muddy  sediment  unfitting  the  waters  for  the  species  of  the 
magnesian  limestone  sea,  and  adapting  them  to  new  races  in  more  express  adjustment  with  them.  It  is  worthy 
of  remark,  that  some  of  these  species,  confined  to  the  Trenton  rock.  New  York,  pass  down  into  the  Auroral  lime- 
stone in  Pennsylvania  and  Virginia. 

In  Pennsylvania  the  Matinal  limestone  is  not  always  present  in  the  senes,  and  in  none  of  its  discovered 
localities  is  it  as  favourably  exposed  for  the  detection  of  its  organic  remains  as  in  the  districts  lying  X.  and  W., 
for  it  is  never  horizontal,  nor  free  from  more  or  less  of  metamorphism  ;  still  it  presents  a  good  variety  of  its  well- 
kno\\Ti  fossils.    Those  more  commonly  met  with,  or  by  which  the  formation  may  be  most  readily  recognised,  are 

here  referred  to  and  figured. 

The  Plants  of  the  formation  consist  in  our  State,  as 
elsewhere,  of  those  obscure  forms  called  sea-weeds ;  one  of 
the  commonest  I  am  disposed  to  identify  with  the  Butho- 
trephis  gracilis  of  Hall. 

Of  the  Corals,  perhaps  the  most  abundant  is  the 
Chcetetcs  lycoperdon,  especially  the  spherical  form  of  it, 
shown  in  the  annexed  figure,  which  represents  one  mar- 
gin broken,  disclosing  the  slender  radiating  tubes. 

Another  frequent  zoophyte  is  the  Strictopora  acuta, 
here  shown  (Fig.  -598),  with  a  portion  of  one  branch 
magnified  to  show  its  oval  cells.  This  supposed  coral 
resembles  much  in  structure  the  genus  Esc/iapora,  which 
naturalists  no  longer  regard  as  belonging  to  the  zoophytes, 
there  can  be  little  doubt,  indeed,  that  such  is  its  true 


Fig.  597. — Cha;tetes  lycopcrdon. 


Fig.  598.— Strictopora 
acuta. 


Fig,  599. — Leptsona 
serioea. 


Fig.  coo. — Leptaina  alternata. 


Fig.  60].— Orthis 
.  testudinaria. 


but  to  the  class  Polyzoa  (or  Bryozoa)  of  the  MoUusca : 
place  ill  tlie  animal  kingdom. 

Among  the  fossil  Shells  of  the  formation,  one  of  the  most 
common  is  the  beautiful  little  semicircular  brachiopod  Leptcena 
sericea  (Fig.  599).  This  small  sj3ecies  is  recognised  by  its  fine 
radiating  strife,  grouped  between  occasional  more  prominent  ones, 
and  by  its  fine  granulated  surface.  Another  very  common  brachio- 
pod, of  the  same  genus,  is  the  Leptana  alternata  (Fig.  600),  a 
large  half-oval  shell,  with  a  minutely-ijerforated  beak,  the  dorsal  valve  here 
shown  being  very  convex,  especially  towards  the  margin,  but  flatter 
towards  the  hinge :  its  surface  exhibits  delicate  rounded  radiating 
strijE  or  threads,  miequally  alternating  with  coarser  ones. 

Another  brachiopodous  genus,  Orthis,  is  represented  in  this  rock 
by  Orthis  testudinaria  and  Orthis  pectenella,  both  very  abundant 
fossils  in  Pennsylvania — (Figs.  601,  602).    The  Orthis  testudinaria, 

named  for  its  fancied  resemblance  to  a  turtle,  is  interesting  as  being  also  a  eharactercstic  species 
of  the  lower  Palaiozoic  rocks  of  Europe,  and  therefore  one  of  the  links  serving  to  Imk  together  the  formations  of 
the  two  sides  of  the  Atlantic. 

Tlie  other  species,  Orthis  pectenella,  if  not  likewise  a  European 
form,  resembles  one,  the  0.  calligramma,  very  closely.  Another 
brachiopod,  not  so  frequently  met  with  as  the  preceding,  is  an 
Orhicula  or  Crania  (Fig.  G03),  a  large  discoid  shell,  with  a  small 
elevated  conical  apex,  somewhat  centrally  placed,  and  a  surface 
rough  with  rather  in-egular  concentric  scaly  lidges.    It  differs 
from  any  already-described  older  Palaeozoic  Orbiculce  in  the  sub- 
central  position  of  the  apex,  and  is  j^robably  a  new  species. 
A  very  beautiful  small  brachiopod,  the  Lingida  curta  (Fig.   604),  is  also 
somewhat  common  ;  and  in  the  Valley  of  Virginia,  where  the  Matinal  limestone 
abounds  in  black  slate,  it  is  very  abundant.    This  fossil  is  one  of  the  few 
which  occur  also  in  tlie  Matinal  black  slate.    It  is  to  be  met  with  in  both 
formations  in  the  Kittatinny  Valley,  and  in  Centre  and  Bedford  counties. 

Of  the  lameUibranchiate  shells,  or  bivalves,  one  of  the  most  common  is  the  Amhonychia  bella- 
striata  (Fig.  605),  a  beautiful  fossil,  with  a  long  slightly- cui"ved  beak,  very  oblique  to  the  short 
cardinal  line.    Its  surface  shows  fine  radiating  striae,  intersected  by  concentric  lines,  marking  suc- 
cessive growth.    The  ambones  are  very  protuberant. 


Fig.  602.- 
pectenella. 


-Orthis 
(N.  S.  ?) 


Fig.  603.— Orbicula.    (N.  S.  ?) 


Fig.  604.— 
Lingula 
curta. 
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Fig.  607. — Bellerophon 
bilobatus. 


Fig.  (iOo. — Ambon- 
ychia  bcUastriata. 


Fig. 


606. — Pleurotoniaria 
subconica. 


In  the  Gasteropods  this  formation,  in  Pennsylvania,  most  abounds  perhaps  in  species  of  the  wndely-ranging 
genus  Pleurotomaria.  One  of  the  best-defined  is  the  Pleurotomaria  subconica,  here  presented  (Fig.  606).  This 
neatly-shaped  univalve,  often  mistaken  for  a  Trochiis,  has  an  elevated 
conical  spire  about  five  volutions,  and  a  slightly-projecting  carina  or 
ridge  above  the  suture  or  groove.  The  aperture  is  squarish,  and  the  sur- 
face marked  with  fine  bending  stria\  Our  figure  is  derived  from  a  cast. 
Another  beautiful  and  common  fossil  of  the  formation  is  the  Belle- 
rophon  bilobatus  (Fig.  607),  found  also  in  the  over- 
lying Matinal  shales.  This  fossil  is  not  distinctive 
of  the  Matinal  period,  for  it  occurs  likewise  in  Sur- 
gent  strata;  and,  as  is  usuallythe  case  with  long-endur- 
ing species,  it  has  a  commensurately  wide  geographi- 
cal distribution,  being  one  of  the  best-known  shells  of 
the  Cambrian  (Lower  Silurian)  rocks  of  Great  Britain. 

The  nature  and  affinities  of  the  animal  in  the  shell  called  Bellerophon  are  rather  doubtful,  some 
naturalists  re"-arding  it  as  a  Gasteropod ;  others  viewing  it  to  be  a  Cephalopod  destitute  of  the  usual  partitions  ; 
and  others,  again,  believing  it  to  be  a  Heteropod,  allied  to  the  creature  called  Carinaria,  one  of  the  floating  glass- 
shells.  T  •  , 

Amonf  the  Orthocerata  of  the  Matinal  limestone,  one  of  the  most  frequently  encountered  is  the  curiously-rmged 
Orthoceras  vertebrale  (Fig.  608).    This  appears  to  have  been  a  rather  fragile  shell,  for  I  have  never  seen  it  entire. 

A  curious  fossil,  sometimes  re- 
ferred to  the  Cephalopodous  mollusca, 
but  believed  by  many  naturalists  to 
rank  with  the  Pteropods,  is  the  Con- 
ularia,  one  species  of  which,  Conu- 
laria  Troitonensis,  is  not  infrequent 
in  the  Matinal  limestone  of  Pennsyl- 
vania, but  the  specimens  are  seldom 
perfect.  The  annexed  figure  is 
therefore  copied  from  an  excellent 
representation  (Fig.  609)  given  by 
Professor  Hall  in  his  Pcdaontology 
of  New  York,  Plate  LIX.,  fig.  4. 

But  by  far  the  most  attractive 
organic  remains  of  the  formation  are 
its  Trilobites.  Of  these  there  are 
nearly  twenty  species  known,  more 
than  one  half  of  which  are  restricted 
to  the  Matinal  limestone,  the  remain- 
der ascencHng  into  the  Matinal 
shale.  One  of  the  most  frequently 
found  is  the  Isotelus  gigas,  Dekay,  or 
Asaphus  platycephalus,  Stokes,  of 
which  a  figure  is  here  presented 
(Fig.  610).  This  fossil,  occasionally 
found  also  in  the  Matinal  shale, 
is  eminently  distinctive  of  the  Mati- 
nal formations,  and  is  equally  re- 
stricted in  Europe  to  the  rocks  of 
corresponding  age — the  Upper  Cambrian  or  Lower  Silurian.  According  to  Barrande,  the  foremost  authority  on  the 
subject  of  Trilobites,  the  American  genus  Isotelus  has  not  the  value  of  a  distinct  genus,  but  is  subordinate  to  the 
great  genus  Asaphus — Isotelus  gigas  being  identical  with  Asaphus  plati/cephalus.  This  interesting  crustacean  is 
sometimes  of  enormous  size,  fragments  having  been  found  in  the  Matinal  shales  of  Ohio,  which  indicate  that  the 
perfect  animal  must  in  some  instances  have  been  nearly  2  feet  long — exemplifying  the  general  law,  that  the  size 
of  a  race  is  usually  greatest  in  that  formation  in  which  it  seems  to  culminate,  either  in  the  variety  of  its  species 
or  in  the  multitude  of  its  individuals.  In  Pennsylvania  I  have  occasionally,  though  rarely,  met  with  this  fossil 
in  the  Matinal  shales.  Its  greater  abundance  and  size  in  Ohio  are  obviously,  as  Professor  Hall  suggests,  connected 
with  the  very  calcareous  natiu-e  of  the  same  formation  in  that  region ;  possibly  it  is  likewise  due  to  the  greater 
remoteness  of  the  western  locality  from  the  shore  of  the  ancient  Matinal  waters,  and  therefore  to  more  perfectly 
marine  conditions. 

Another  interesting  trilobite  common  in  the  Matinal  limestone  is  the  Trinucleus  conceniricus  (Fig.  611). 
This,  like  the  Isotelus,  characterises  both  divisions  of  the  Matinal  series,  but  is  found  now^here  else  in  the  Palfeo- 
zoic  column ;  and  it  is,  equally  with  that  fossil,  distinctive  of  the  Upper  Cambrian  or  Lower  Silurian  deposits  of 


Fig.  609. — Conularia  Treiitonensis. 


Fig.  610. — Isotelus  gigas. 
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England.  This  beautiful  and  easily-recognised  fossil  is  of  common  occurrence  in  the  Matinal  limestone  of  the 
anticlinal  valleys  of  Central  Pennsylvania.  It  occurs  with  Isotelus  gigas,  Calymene  senaria,  Beyrichia  lobatus,  and 
Leperditia  ovata,  abundantly  in  the  neighbourhood  of  Pine  Grove,  Aaronsburg,  and  Potter's  Fort, 
in  Penn's  Valley,  and  also  in  Nittany  and  Nippenose  valleys,  and  in  Milligan's  Cove.  This 
trilobite  may  be  recognised  at  first  sight  by  the  semicircular  shape  of  its  buckler,  which,  when 
perfect,  is  prolonged  into  a  slender  spine  at  each  side.  At  each  end  the  marginal  band  is  pitted  with 
three,  four,  or  five  rows  of  deep  round  punctures,  very  like  those  upon  a  thimble.  An  opinion 
prevails  among  naturalists  that  the  animals  of  the  genus  Trinucleus  were,  in  their  matiu-e  state, 
destitute  of  eyes,  though  some  of  the  species  appear  to  have  possessed  them  while  in  the 
Fig.  oil— Triuucleus  younger  stages  of  their  growth. 

concentucub.  higher  organisms  have  been  discovered  in  the  much-ransacked  sti-ata  of  this 

Matmal  period,  the  crustaceans  here  described  must  be  viewed  as  the  dominant  races  of  the  animal  world  of  that 
day. 

OEGANIC  REMAINS  OF  THE  MATINAL  SHALE. 

The  upper  member  of  the  Matinal  series,  the  Matinal  shale  (Hudson  River  gi-oup  of  New  York),  is  charac- 
terised by  the  organic  remains  of  the  same  classes  of  animals  as  are  entombed  in  the  lower  member,  or  Matinal 
limestone.  Viewing  the  black  slate  which  inteiTenes  between  the  limestone  and  the  shale  as  a  member  of  the 
latter,  there  are  about  seventy  Imown  species  in  this  upper  Matinal  formation,  more  than  twenty  of  which  are 
common  to  it  and  the  underlying  Matinal  limestone.  The  two  divisions  of  the  series  are  furthermore  linked  by  a 
still  larger  proportion  of  common  genera.  The  Matmal  shale,  moreover,  contains  no  fossil  remains  belonging  to 
races  higher  in  the  scale  of  organisation  than  the  highest  seen  in  the  limestone  under  it.  Trilobites  are  still  the 
most  advanced  forms  of  extinct  animal  life. 

A  prevailing  state  of  metamorphism,  amounting  often  to  a  more  or  less  developed  cleavage,  and  always  to  a 
tendency  to  transverse  fracture,  obstructs  greatly  the  recognition  of  the  smaller  and  more  obscure  fossils  ;  and  an 
extensive  infiltration  of  the  suiface-waters,  consequent  upon  it,  has  dissolved  out  nearly  all  the  organic  remains, 
leaving  mere  casts  of  their  surfaces.  The  number,  therefore,  of  well-identified  species  is  much  less  than  in  those 
tracts  of  New  York  and  the  Western  States  where  the  strata  repose  in  their  original  horizontal  position,  and  have 
escaped  metamorphic  and  crushing  action.  But  notwithstanding  these  drawbacks,  I  am  able'  to  exliibit  figures 
here  of  an  ample  number  of  characteristic  forms.  Beginning  with  those  wliich  occur  most  abundantly  in  the 
Matinal  black  slate,  we  have  first  the  Graptolithus  pristis  (Fig.  612).  These  delicate  fossils,  some  of  which 
resemble  a  minute  quill,  have  a  straight  central  stem,  margined  by  a  compressed  membrane,  notched  with  small 
acute  teeth  like  a  little  saw.  The  trite  nature  of  the  graptolite  remains  a  matter  of  some  uncertainty.  It  is 
believed  that  its  nearest  kno\vn  modem  representative  is  the  genus  Virgularia. 

Another  common  fossil  of  the  black  slate  is  the  Lingula  carta,  already  mentioned  as  of  frequent  occurrence 
in  the  Matinal  limestone,  to  which  rock,  indeed,  tlie  black  slate  is  nearly  as  subordinate  as  it  is  to  the  Matinal 


Fig.  t;]-J. — tiraptolithus  pristis. 


Fig.  613.— Calymene 
Beckii. 


Fig.  GU.— Agnostos 
lobatus.     (1  and  3 

natural  size,  2  and  Fig.  C15. — Lingula 

4  enlarged.)  qua  irata. 


Fig.  616.— Delthyris 
Ivnx. 


shale.  Associated  with  these,  we  not  uufrequently  find  the  deUcate  trilobite,  Calymene  BecJdi,  (Fig.  613). 
They  are  met  with  together  in  Penn's  Valley  and  in  Mdligan's  Cove.    Tliis  fossil  is  not  often  found  entire  ;  it 


Fig.  617. — Avicula  insueta. 


Fig.  618. — Modiolopsis  modiolaris. 


Fig.  619.— Cyrtolites 
ornatus. 


Fig.  620.— Pleuroto 
maria  bilix. 


seems  to  have  been  too  slightly  articulated  to  retain  its  form  after  death;  the  buckler  or  head-piece  is  its  most 
easily  recognised  portion.    There  is  another  little  crustacean,  Beyrichia  {Agnostos)  lobatus  (Fig.  6U\  sometimes 
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seen  in  tlie  Matinal  shale.  The  shells  of  this  great  argillaceous  formation  belong  to  all  the  great  classes  of  Mol- 
lusca.  The  brachiopods  are  represented  by  Lingula  quadrata  (Fig.  fjl5),  an  unusually  large  robust  species,  with 
an  approximately  square  outline,  whence  its  name.  Another  brachiopod  is  Ddtliyris  [spirifer)  lynx,  (Fig.  61G).  To 
these  may  be  added  several  of  the  brachiopods  of  the  Matinal  limestone,  Leptcena  sertcea,  L.  alternata,  and  Orthis 
pectenella,  &c. 

Among  the  Conchifers,  or  common  bivalve  shells,  best  preserved  or  oftenest  seen,  are  the  Aviciila  insueta 
(Fig.  617),  and  Modiolopsis  modiolaris  (Fig.  618).    CyrtoUtes  ornatus  (Fig.  619),  probably  the 
shell  of  a  pteropod,  is  a  very  common  fossil  of  the  Matinal  shale,  and  in  Pennsylvania  is  restricted 
to  it.    Our  figure  is  copied  from  Plate  LXXXIV.  of  Hall's  Fakeontolocjy  of  New  York  (which  see). 

Another  univalve,  likewise  confined  to  it,  is  the  Pleurotomaria  b'dix  (Fig.  620).  This 
beautiful  little  shell,  which  has  hardly  the  character  of  a  true  Pleurotomaria,  occurs  occasionally 
in  the  Matinal  shale  in  the  limestone  valleys  of  Centre  County.    It  is  much  more 
common  in  the  Western  States. 

The  Matinal  Orthocerata  are  occasionally  seen  in  Pennsylvania.  The 
annexed  cut  (Fig.  G'21)  represents  a  fragment  of  one  of  them,  Ormoceras  crcbrisep- 
iiuii,  displaying  the  internal  structure,  but  not  very  clearly. 

The  middle  and  upper  beds  of  the  Matinal  shale  contain  layers  abounding  in 
the  joints  of  imkno\vn  species  of  Crinoidea.    Possibly  some  of  them  belong  to  the 
Fig.  622.— Glyi5-  beautiful  fossil  Glyptocrinus  decadactylus  (Fig.  622),  abundant  in  the  corresponding- 
dactyl's         formation  in  Ohio  and  Kentucky.    The  annexed  figure  is  from  Cincinnati. 

The  prevailing  fossils  of  the  Matinal  shale  in  the  great  limestone  valleys 
of  the  mountain-chain  of  the  State  arc — 

Ileterocrinus,  Amhonychia  radiata,  Avicula  insueta,  Modiolopsis  modiolaris,  Pleurotomaria  hilix,  Murchisoma 
gracilis,  CyrtoUtes  ornatus,  Lingula  quadrata,  Lingula  curta,  Leptmna  sericea,  L.  alternata,  Orthis  testudinaria, 
Atrypa  increhescens,  Spirifer  lynx,  Ormoceras  crchriseptum,  Endoceras  proteiforme,  Leperditia  fabulites,  Trinucleus 
concentricus,  Isotelus  gigas,  &c. 


Fig.  621. — Ormoce- 
ras crebriseptum. 


OKGANIC  EBMAINS  OF  THE  LEVANT  STRATA. 

The  formations  which  immediately  succeed  the  Matinal  deposits  are  singularly  destitute  of  fossils,  not  one 
species  of  the  nearly  300  met  with  below  reappearing  in  this  groujj.  It  would  seem,  indeed,  that  the  changes 
in  the  earth's  suiface  which  terminated  the  Older,  and  ushered  in  the  Middle  Palaeozoic  sediments,  swept  out  of 
existence  all  previously-created  races,  without  yet  adapting  the  region  for  the  reception  of  new  forms  of  animal  life 
to  replace  them. 

These  did  not  come  upon  the  scene  in  any  number  initil  the  next  succeeding  or  Surgent  period,  nor  even 
then  in  the  profusion  of  their  predecessors  of  the  Auroral  and  Matinal  ages.  The  transition  at  which  we  have 
now  arrived — that  from  the  Matinal  shale  to  the  Levant  sandstone — is  by  far  the  widest  break  we  Imow  in  the 
chain  of  Palaeozoic  life.  It  amounts,  as  I  have  elsewhere  shown,  to  an  almost  total  extinction  of  all  the  earlier 
species,  and  the  substitution  at  successive  epochs  of  wholly  new  ones.  In  Pennsylvania  and  Virginia  this  break 
is  even  more  complete  than  it  is  in  New  York ;  for,  in  the  latter  State,  relics  of 
three  or  four  species  characteristic  of  the  Matinal  rocks,  or  about  one  per  cent, 
have  been  met  with  in  the  Surgent  and  Scalent  strata,  whereas  in  Pennsylvania 
not  a  single  species  has  been  found  on  both  sides  of  this  great  gulf.  This 
important  fact,  and  the  commensurate  one  of  a  widely-extended  physical  break 
between  the  Matinal  and  the  later  formations,  amounting  in  many  quarters  to 
positive  unconformity,  and  tln-oughout  the  Western  States  to  a  wide  gap  or 
hiatus  in  the  succession  of  formations,  have  influenced  me  to  classify  the  three 
lower  groups  apart  from  the  middle  formations  upon  which  we  are  now  enter- 
ing- 

The  principal  organic  relic  seen  in  the  Levant  strata  of  Pennsylvania 
is  the  curious  fossil,  Arlhrophycus  Harlani,  here  represented  (Fig.  623).  It 
is  supposed  to  be  a  marine  plant,  and  for  a  long  time  bore  the  name  of 
Fucoides  Harlani.  Our  figure  represents  only  the  iq^per  branching  extremity, 
the  whole  plant  consisting  of  a  rounded  and  apparently  articulated  or  trans- 
versely-grooved flexible  stem,  with  simple  subdivisions  of  nearly  the  same 
thickness  throughout.  The  long  flexible  stems  are  often  seen  penetrating  the 
upper  layers  of  the  Levant  white  sandstone  perpendicularly  through  a  length 
of  from  one  to  two  feet,  and  spreading  on  the  upper  surfaces  of  the  beds  in 
large  curled  bunches  resembling  closely-matted  tufts  of  hair.  Their  usual 
position  suggests  tlie  notion  of  sea-weeds  floating  perpendicularly  just  above 
the  bed  of  the  ocean,  and,  while  in  this  position,  quietly  imbedded  by  sand 
silted  in  among  them. 

Hitherto  this  curious  fossil  has  been  found  only  in  the  Upper  Levant  sandstone,  the  equivalent  of  the  Medina 
sandstone  of  New  York.    It  is  particularly  abundant  in  some  of  the  outcrops  of  this  formation  whicli  cross  the 


Fig.  62-3.— Arthi-ophyous  Harlani. 
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Juniata  Eiver,  especially  in  Mifflin  County.    A  very  much  reticulated  variety  occurs  plentifully  in  the  "  Long 
Narrows,"  below  Lewistown,  ujion  the  uppennost  beds  of  tlie  sandstone,  just  under  the  base  of  the  Surgent  slates. 
In  none  of  the  specimens  do  we  see  any  traces  of  the  vegetable  tissue,  but  ouly  a  cast  of  the  general  surface  of 
the  plant  in  the  sandstone. 

In  some  of  the  layers  of  the  same  upper  sandstone  we  occasionally,  though  rarely,  discern 
two  or  three  small  shells.    One  of  these  is  a  little  spiral  fossil,  Bucania  trilohatus,  Hall,  a  cast  ot 
Fig.  624.— Bu-  which  is  here  figured  (Fig.  624).    It  resembles  somewhat  a  bellerophon.    Another  small  fossil  is 
cania  trilo-  L'mgula  cuneatci,  a  wedge-shaped  lingula,  sharply  pointed  at  the  beak,  whence  its  specific  name, 
batub.  J  gggj^  ^Ijq  liigliest  layers  of  the  Levant  sandstone.    These  are  the  only  organic 

remains  of  the  formation  which  I  have  noticed  in  Pennsylvania. 


OEGANIC  KEMAINS  OF  THE  SUEGBNT  STRATA. 

This  very  complex  formation,  composed  of  fissile  slates,  calcareous  shales  or  marls,  non-calcareous  shales,  and 
firmly-cemented  ferruginous  sandstones,  contains  a  proportionate  variety  of  organic  remains.  The  total  list  of  its 
species,  as  described  in  the  Palceontology  of  New  York,  amounted,  in  1852,  to  more  than  100,  and  we  may  set  down 
the  number  now  known  at  not  less  than  120,  or  more  than  six  times  the  whole  number  liitherto  procured  from 
the  Levant  rocks  in  all  their  localities.  It  is  the  first  or  lowest  platform  upon  which  we  find  the  true  Silurian 
(Upper  Silurian)  types  of  Europe,  in  the  American  Palaeozoic  strata.  Only  four  or  five  of  its  fossils  belong  like- 
wise to  the  ]\Iatinal  formations  below  the  great  horizon  of  interraption  above  spoken  of.  These  are  Bellerophon 
trilohatus,  Delthjris  hjnx,  Leptcena  alternata,  Leptmia  depressa,  and  Caltjmene  Blumenhachii ;  but  the  vahdity  of  the 
evidence  as  to  some,  at  least,  of  these  being  genuine  Surgent  fossils,  is  rather  doubtful.  Some  fifteen  or  sixteen 
of  its  species  this  formation  shares  in  common  with  the  group  of  strata — tlie  Surgent  series — which  next  succeeds  it, 
proving  what  the  physical  evidence  also  shows,  that  these  two  Middle  Palaeozoic  formations  are  somewhat  inti- 
mately blended. 

Plants,  or  at  least  plant-like  impressions,  rather  abound  in  the  laminated  argillaceous  rocks  or  slates  of  the 
lower  and  middle  members  of  tlie  Surgent  series,  but  the  number  of  well-defined  species  in  Pennsylvania  is  appa- 
rently small.  By  far  the  most  common  type  is  that  named  Buthotrephis  gracilis  by  Hall.  A  specimen  of  what  is 
perhaps  another  and  new  species  of  Buthotrephis,  from  Montour's  Ridge,  is  here  figured  (Fig.  625).  Another 


Fig.  0"26.— Rusophycus  bilobatus. 


Fig.  (325.— Buthotrephis  gracilis  (!) 


plant-like  fossil,  less  frequently  found,  is  represented  in  the  annexed  cut  (Fig.  626);  it  is  always  two-lobed, 
and  is  the  Fucoides  bilobatus  of  Vanuxem,  or  the  BusopJnjcus  bilobatus  of  Hall.  It  is  crossed  by  strong  wnnkles, 
and  some  specimens  display  a  distinct  stem  proceeding  from  the  groove  which  divides  the  two  lobes.  I  he  two- 
lobed  mass  is  probably  the  impression  of  the  root  of  a  plant,  tlie  stem  of  which  was  too  easily  disorgamsed  to 
leave  an  equally  distinct  ti-ace  of  its  form.  .  , 

Of  the  animal  remains  imbedded  in  the  Surgent  strata,  we  occasionaUy  come  upon  a  puzzlmg  form  the 
Cornulites,  a  slender  cone-shaped  fossil,  composed  of  successive  rings  transversely  striated  on  then-  outer  surface 
The  true  place  of  this  fossil  in  the  animal  kingdom  is  not  at  present  known;  there  are  probably  several 
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species, — one  of  these  is  the  Cornulites  flexuosis.  Our  own  specimen  (Fig.  627),  found  in  the  Surgent  ore 
sandstone,  above  the  fossiliferous  iron-ore  in  Bkir  County,  belongs  apparently  to  another  species  ;  but  until  more 
is  known  of  their  structure,  I  reirain  from  giving  it  a  specific  name. 

The  Surgent  series,  or  Clinton  group,  contains  several  interesthig  species  of  conchifera  or  bivalve  shells 
belonging  to  the  genera  Avicula,  Modiolopsis,  Tellinomya,  and  Orthonota,  &c.    One  of  the  most  common  and 


Fig.  627.— Cornu- 
lites. 


Fig.  62S.— Avieula 
subplana. 


Fig.  629.— Lingula 
oblonsra. 


Fig.  630. — Leptfflna 
dejiressa. 


Fig.  631. — Lept;ena  patenta. 


pleasing  of  these  is  the  Avicula  subplana,  found  in  the  shales  of  the  fossiliferous  iron-ore,  and  sometimes  in  the 
ore  itself  (see  Fig.  628).  In  the  Paleontology  of  New  For^- this  shell  is  figured  as  characterising  the  Niagara 
group  ;  several  similar  instances  are  known  of  New  York  Niagara  fossils  occurring  in  the  Surgent  (Clinton) 
rocks  of  Pennsylvania. 

This  formation  abounds  in  shells  of  the  brachiopodous  tj'pe,  containing  several  species  of  Lingula,  Leptsena, 
Orthis,  Spirifer,  Atrypa,  etc.  ;  one  of  the  most  common  is  the  Lingula  oblonga,  here  shown  (see 
Fig.  629),  recognised  by  its  nearly  parallel  straight  sides,  pointed  and  convex  beak,  and  obtusely- 
rounded  corners  at  the  base.    It  occurs  in  the  slates  adjoining  the  iron  sandstone,  and  also  in  the 
fossiliferous  ore. 

A  very  distinctive  fossil  of  the  formation  in  Pennsylvania  is  the  beauti- 
fully-coiTugated  shell,  Lepfa^na  depressa  (Fig.  630),  found  in  New  York  in  yig.  632.— Atry- 
all  the  strata  from  this  formation  to  the  Upper  Helderberg  or  Post-meridian    pa  congesta. 
limestone  ;  it  may  sometimes  be  seen  in  the  slate  adhering  to  the  fossiliferous  iron- 
ore.    Another  shell  of  the  same  genus,  frequent  in  the  same  part  of  the  formation,  is 
the   Leptcena  patenta  (Fig.  631) ;   its  surface  is  marked  by  strong  unequal 
striiB  crossed  by  fine  concentric  lines  of  growth. 

Of  the  abundant  genus  Atrypa,  the  Surgent  rocks  contain  nearly  twenty 
sjDecies  ;  among  the  most  easily  recognised  of  these  are  the  Atrypa  congesta 


Fjg.  633. 


—Atrypa  reticu- 
laris. 


(Fig.  632),  distinguished  by  a  deep  central  furrow  extending  from  the  beak 


to  the  base  of  the  dorsal  valve  ;  Atrypa  reticularis,  a  more  variable  species,  distributed  from  the  Bur-  Fig.  634.— At- 
gent  to  the  Cadent  strata  (Fig.  638),  and  Atrypa  intermedia  (Fig.  634),  a  wide  shell  compressed  ^e^^ia™*^'' 

#at  the  base,  and  having  its  two  valves  of  nearly  equal  convexity. 
The  Atrypa  reticularis,  like  most  fossils  of  a  wide  range  in  time,  has  a  correspondingly  broad 
distribution  geographically.    It  is  the  Atrypa  affinis  of  Sowerby,  and  occurs  abundantly  in  the 
FiG,635.-Orthus  Upper  Silurian  rocks  of  Great  Britain. 

Orthis  elegantula  (Fig.  635)  is  another  brachiopod  of  this  formation. 
The  Cephalopoda  of  this  formation  are  not  abundant.    One  of  the  most  common  is  the  Orthoceras  imbrica- 
tuni  (Fig.  636),  a  species  which  in  New  York 
occurs  in  the  Scalent  or  Niagara  group  (see 
Palaeontology  of  New  York,  Vol.  II.,  Plate  62). 

The  most  common  cnistaceans  of  the 
Surgent  strata  of  Pennsylvania  are  the  Caly- 
mene  [Hemicrypturus)  Clintoni,  Beyricliia  lata, 
and  Leperdicia  Pennsylvanica. 

Calymene  Clintoni  (Fig.  637)  is  fre- 
quently met  with  entire  or  in  fragments  with- 
in or  near  the  fossiliferous  iron-ore,  and  on 
the  iron  sandstone.  I  have  seen  it  in  both 
positions  in  Montour's  Eidge  ;  Phacops  limu- 
lurus  sometimes  occurs  along  with  it,  and  so 
also  Calymene  Blumenbachii,  though  both  of 
these  tribolites  are  more  characteristic  of  the 
Scalent  or  Niagara  formation. 

The  Leperditia  Pennsylvanica,  Jones,  is  a 
crustacean  of  a  different  group,  belonging  to  a  bivalve  Entomostraca— (Fig.  699,  p.  834.)  This  beautiful  Leperditia 


Fig.  636. — Orthoceras  imDncatuin. 


Fig.  637.— Calymene  Clintoni. 
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{Cytherina),  identified  as  a  new  species  by  T.  Rupert  Jones,  Esq.,  Curator  to  the  Geological  Society  of  London, 
is  deemed  by  liim  to  be  very  near  L.  Balthica  of  Europe,  and  L.  Arctica  of  North  America ;  it  has  a  very  distinct 
eye-spot.    The  specimen  figured  is  from  a  greyish  limestone  of  the  Sm-gent  variegated  marls  near  Barre  Forge. 

The  limestone  bauds  of  the  middle  and  upper  portions  of  the  Surgent  series  contain  two  or  three  species  of 
the  minute  seed-like  fossil  formerly  called  Agnostus,  and  now  BeyrkMa  ;  two  of  these,  Beyrichia  Maccoyiana,  Jones 
(Fig.  695,  p.  834),  and  Beyrichia  Pennsylvanica,  Jones,  identified  for  me  by  Mr  Jones,  are  figured  on  page  834  ; 
theii-  natural  size  is  about  one-fourth  of  that  represented. 

OEGANIC  EEMAINS  OP  THE  SCALENT  STEATA. 

The  Scalent  series  of  Pennsylvania,  on  the  horizon  of  the  Onondaga  salt  group  and  water-lime  stratum  of  New 
York,  contains,  excej^t  in  the  latter  or  Scalent  limestone,  extremely  few  organic  remains ;  the  Scalent  A-ariegated 
marls,  none  beyond  a  few  Beyrichia?  and  Leperditia> ;  and  the  Scalent  giey  marls  only  the  same,  with  scarcely  greater 
frequency.  In  some  of  its  N.W.  outcrops  in  the  Appalachian  chain,  the  Scalent  limestone  presents  numerous 
specimens  of  Beyrichia  Maccoyiana,  Jones. 

Beyrichia  Pennsylvanica,  Jones,  together  with  the  Leperditia  alta,  Conrad,  and  the  Tentaculites  omatus, 
Vanuxem  (Fig.  638),  identify  this  rock  as  its  stratigraphical  position  does  with  the  water-lime  of  New  York. 
The  Niagara  limestone  of  New  York  and  the  Western  States  does  not  extend  into  Pennsylvania,  being  confined 
apparently  to  the  N.  side  of  tlie  great  Appalachian  basin.  That  interesting  formation  has  furnished  the  palfconto- 
logist  of  New  York  with  more  than  two  hundred  and  twenty  species  of  fossils,  a  small  number  of 
which, — less  than  twenty, — it  shares  in  common  with  the  Surgent  or  Clinton  series — the  Surgent  of 
Pennsylvania  containing,  as  already  intimated,  a  somewhat  larger  proportion  of  them.  The  trilobites 
of  the  Niagara  formation  belong  to  the  genera  Cybele,  Acidaspis,  Phacops,  Ceraurus,  Calymene,  Homa- 
lonotus,  Biimastis,  Lichas,  Arges,  and  Proetus.  Phacops  limulurus,  Calymene  Blumeyibachii,  and  Homa- 
Viii.  638.—  lonotus  dclphinocephalus,  occur  in  the  middle  calcareous  beds  of  the  Surgent  formation,  both  in  Pennsyl- 
Tentaculites  vania  and  Virginia  ;  the  Phacops  near  Matilda  Furnace  on  the  Juniata,  and  near  the  hot  springs  ;  the 
.  '  ■  Ccdymene,  in  the  slates  of  the  iron  sandstone  at  Danville  ;  and  the  Ilomalonotus  in  Blair  County. 
Reviewing  the  organic  remains  indicated  in  the  previously-mentioned  formations,  none  of  them,  it  will  be 
perceived,  are  higher  in  the  scale  of  organic  life  than  trilobites  and  cephalopodous  molluscs.  No  remains  of 
fishes,  undoubtedly  such,  have  been  discovered  in  these  strata,  nor  indeed  in  the  rocks  of  equivalent  age  in 
Euro2:)e.  For  a  while  it  was  supposed  that  certain  long  slender  bone-like  fossils,  found  in  the  Niagara  limestone 
and  in  the  Wenlock  formation  of  England,  were  genuine  remains  of  fishes  ;  and  upon  this  view  one  of  them  has 
been  figured  and  described  in  the  Pala'ontology  of  New  York  under  the  name  of  Onchus  Dciceii,  Hall  (Fig. 
639,  copied  from  Plate  LXXL,  Paleontology  of  New  York).  These  supposed  relics  of  Silurian  fishes  have  all  of  them. 


however,  been  pronounced,  after  a  critical  examination,  to  be  merely  portions  of  crustaceans.  It  must  be  enun- 
ciated then  as  a  general  fact,  that  hitherto  no  traces  have  been  discovered  of  any  vertebrate  animal  whatsoever 
having  lived  during  all  those  earlier  PaLieozoic  ages  which  are  embraced  in  the  Cambrian  and  Silurian  periods  of  tlie 
English  geologists,  or  the  equivalent  Primal,  Auroral,  Matinal,  Levant,  Surgent,  and  Scalent  periods  according  to  the 
nomenclature  of  the  Pennsylvania  Survey.  The  earliest  date  at  which  actual  fishes  appeared  in  the  Appalacliian 
or  Pala!Ozoic  sea  of  North  America  was  that  of  the  Post-meridian  strata,  numerous  specimens  of  the  ganiod  class 
having  been  recently  found  in  the  upper  Clift'  or  Corniferous  limestone  of  Oliio,  locally  called  the  Sandusky  lime- 
stone. This  rock  is  ajDparently  very  nearly  on  the  horizon  of  the  lowest  Devonian  strata  of  Europe,  in  which  corre- 
sponding icthyic  remains  are  well  known. 

ORGANIC  EEMAINS  OF  THE  PEE-MEEIDIAN  STEATA. 

The  pre-Meridian  series  of  Pennsylvania,  like  its  eqiiivalent  formation,  the  Lower  Helderberg  limestone  of 
New  York,  is  in  many  locaUties  replete  in  organic  remains,  though,  being  generally  deficient  in  the  veiy  fossili- 
ferous  limestone  shales  wliich  in  New  York  accompany  the  limestone,  its  variety  of  species  is  commensurately 
smaller.  The  third  volume  of  the  Pala'ontology  of  New  York,  designed  for  the  description  of  the  fossil  of  this  and 
the  next  later  formations,  not  being  yet  in  print,  we  have  no  means  of  learning  the  total  number  of  species  developed 
by  the  well-supported  and  skilfully-conducted  palseontological  exploration  of  that  State ;  it  is  probable,  however,  that 
the  species  about  to  be  brought  to  light  will  exceed  two  hundred.  Anticipating  tlie  publication,  long  before  this,  of 
the  Pal(B07itology  of  New  York,  the  accepted  guide  to  the  fossils  of  the  eastern  portion  of  the  Appalachian  basin,  and 
controlled  by  tlie  narrow  limits  of  the  means  placed  at  my  disposal,  no  attempt  was  made  in  the  Geological  Survey 
of  Pennsylvania  to  collect  any  but  the  organic  remains  of  the  coal-formation,  for  description  and  delineation ; 
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especially  as  I  was  conscious  that  their  state  of  preservation  from  well-lmown  geological  conditions  is  far  inferioi-, 
for  all  purposes  of  palseontological  research,  to  the  beautiful  petrifactions  in  tlie  less  consolidated,  more  horizontal 
rocks  of  New  York,  the  Western  States,  and  Canada.  The  non-appearance  of  the  long-looked-for  fresh  descrip- 
tions of  the  fossils  of  the  middle  and  later  Palteozoic  formations,  compels  me  to  retain,  for  the  species  found  in 
Pennsylvania,  the  names  assigned  them  in  the  Geological  Survey  of  New  York  before  its  special  paljEontological 
exploration  was  commenced,  though  I  am  aware  that  the  researches  there  and  elsewhere  in  progress  may  alter 
some  of  the  generic  titles,  and  even  some  of  the  specific  ones. 

The  most  abundant  fossils  of  the  Pre-meridian  limestone  of  Pennsylvania  are  several  beautiful  brachiopodous 


Fig.  64u.— Atiypa 
peculiaris. 


Fig.  641. — Atrypa. 


Fig.  b4z. — Ati-}  pa  laevis. 


Fig.  643.- 


-Delthyris  macro- 
pleura. 


Fig.  644.— Spirifer 
sulcatis. 


shells.    One  of  these  is  the  Atrypa  peculiaris^  Conrad  (see  Fig.  640),  assigned  in  the  New  York  Survey  to  the 
Meridian  or  Oriskany  sandstone.    Tliis  species  is  easily  known  by  the  deep  depression  of  the  basal  edge  of  the 
lower  valve.    The  annexed  figure  represents  another  fossil  common  to  the  Pre-meridian  lime- 
stone and  the  sandy  shales  which  intervene  between  it  and  the  Meridian  sandstone  (see  Fig. 
641).    It  appears  to  be  a  new  species  of  Atrypa;  but,  under  the  circumstances  explained,  I 
do  not  deem  it  worth  while  to  confer  upon  it  a  name  likely  soon  to  be  superseded. 

Another  common  fossil  is  the  Merista  [Atrypa)  loivis  (see  Fig.  642).    A  still  more  abun- 
dant shell  is  Delthyris  [Spirifer)  macropleura  (see  Fig.  643)  ;  but  this,  like  Spirifer  sulcatis  (see 
Fig.  644),  occurs  sometimes  also  in  the  Meridian  sandstone.    Another  brachiopod  more  seldom  found  is  the 
Rhynconella  nobilis,  Hall  (see  Fig.  645).    In  the  absence  of  good  printed  figures  for  com- 
parison, I  am  in  some  doubt  whether  this  may  not  be  Hall's  Rhynconella  mutabulis — (See 
Descriptions  of  New  Species  of  PalcBozoic  Fossils,  by  James  Hall).    This  shell  resembles  in 
many  respects  the  European  Silm-ian  fossils,  Rhynconella  Stricklandii,  Sowerby ;  but  its 
profile  is  somewhat  different,  and  the  margins  of  the  valves  are  much  less  serrated. 

One  of  the  most  common  and  distinctive  fossils  of  the  formation  is  the  Pentameriis 
galeatus  (see  Fig.  646),  equally  characteristic  of  the  Wenlock  limestone  of  England. 

A  Platyostoma,  of  which  a  figure  is  here  annexed  (see  Fig.  647),  is  to  be  met  with  in 
some  localities  within  this  Limestone ;  but  it  is  rather  more  frequently  found  in  the  cherty  layers  which  form  a 
passage  from  the  foi-mation  into  the  overlying  Meridian  sandstone.  Lamellibranchiate  or  true  bivalve  shells 
are  not  common  in  the  Pre-meridian  limestone.  Of  brachiopods,  Strophomena  [Lepta;na)  puncfulifera,  Conrad  (see 
Fig.  648)  is  a  characteristic  species.  Tliis  fossil  is  often  seen  in  the  chert,  but  never,  that  I  know,  in  the  over- 
lying Meridian  sandstone. 


Fig.  64o. — Kiiynconella 
nobilis. 


Fig.  646.— Pentamenis 
galeatus. 


Fig.  647. — Platyostoma. 


Fig.  648. — Strophomena  punotulLfera. 


ORGANIC  REMAINS  OF  THE  MERIDIAN  STRATA. 


^  The  sandy  shales  of  this  series  underlying  the  coarse  Meridian  sandstone  contain  two  or  three  fossils  whicli 
I  think  are  as  yet  undescribed  species,  a  Calymene  and  an  Orbicula  especially.    PahTeontologists  will  find  access 
to  these  fossiliferous  layers  near  Moorestown,  N.  of  Montour's  Ridge,  and  also  at  Frankstowu,  on  the  Juniata. 
VOL.  II. 
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Tho  Meridian  sandstone  being  arenaceous  and  porons,  and  also  very  generally  mucli  jointed,  in  Pennsylvania, 
presents  its  organic  remains  chiefly  in  the  state  of  casts  or  moulds  of  their  exterior  siirfaces,  the  fossils  themselves 

having  long  since  been  dissolved  away.  As  a  consequence,  the  more 
■     -  fossiliferous  beds  are  at  their  outcrops  usually  deeply  pitted  with  the 

cavities  once  occupied  by  the  fossils.  These  are  the  more  conspicuous 
from  the  unusual  size  of  nearly  all  the  organic  remains,  all  of  which  are 
nearly  brachiopodous  molluscs.  I  shall  present  here  figures  of  the  three 
species  most  usually  met  with.  One  of  these  (see  Fig.  649)  is  the 
Meganteris  ovoides,  Sp.  Eaton,  formerly  the  Atrypa  elongatu,  Conrad. 
Tlie  outline  of  this  shell  is  a  remarkably  beautiful  oval.  Judging  from 
the  pits  in  the  sandstone,  it  was  an  abundant  inhabitant  of  the  bed  of 
the  Appalachian  ocean  in  the  Meridian  period,  to  which  it  was  re- 
stiicted. 

Another  brachiopod  of  this  rock  is  the  Spirifer  arenosa,  Conrad ;  a  large  species,  having  a  rather  ample  hinge 
area,  and  16  or  17  strong  ribs  (see  Fig.  650). 

The  most  remarkable  fossil  of  tho  formation  is  Atrypa  ungitiformis  (see  Fig.  651),  found  usually  as  an  internal 


Meganteris  ovoides. 


Fig.  C60. — Spirilei-  Arenosii. 


Fig.  651. — Atrj  pa  unguiformis. 


cast,  displaying  in  part  the  structure  of  the  animal  which  inhabited  the  shell.  It  gets  its  name  from  a  fancied 
resemblance  to  the  imprint  of  a  hoof. 

OEGANIC  REMAINS  OF  THE  POST-MEKIDIAN  STRATA. 
The  next  Appalachian  formation,  the  Post-meridian  series,  may  scarcely  be  called  a  Pennsylvanian  deposit, 
entering  only  the  eastern  border  of  the  State  a  short  distance,  near  the  Delaware  Water-gap.  Its  most  charac- 
teristic fossil  in  that  quarter  is  a  singular  sea-weed  or  fucus-like  impression  called  in  the  New  York  Sun-ey 
the  Fucokles  canda  galli  (see  Plate  XXI.  Fig.  1.),  fi  om  its  resemblance  to  the  tail  of  a  cock.  It  characterises  the  sandy 
calcareous  shale  which  intervenes  between  tlie  Meridian  sandstone  and  the  Post-meridian  Onondaga  limestone. 


Fig.  652.— Atrypa 
limitaris. 


Fig.  653.— Orbi- 
cula  mlnuta. 


OEGANIC  REMAINS  OF  THE  CADENT  STRATA. 

The  Cadent  slates  and  shales  of  Pennsylvania  entomb  a  multitude  of  rather  imperfectly-preserved  organic 
remains,  for  the  most  part  in  the  condition  of  casts,  from  which  I  shall  select  several  of  the  more 
characteristic  species. 

Beginning  with  those  of  the  Cadent  older  or  Lower  Black  Slate,  we  find  tlie  most  common 
of  all  its  Mollusca  to  be  the  Atrypa  limitaris,  Vanuxem  (see  Fig.  652),  a  compressed 
nearly  circular  shell,  with  regularly-radiating  equal  ribs.  It  abormds  in  some  of 
the  calcareous  or  cement  beds.  A  second  common  brachiopod  is  Orhicula  nmitita, 
(see  Fig.  653).  Another  very  common  form  is  the  OrtJioceras  siibidatnm  (see  Fig. 
654),  a  delicate  Cephalopod,  always  found  flattened  and  crushed,  and  seldom  reveal- 
ing the  distinctive  septa.    Along  mth  this  last  we  often  find  small,  pointed  leaf-like  impressions,  possibly  the 

leafy  appendages  of  Lepidodendron,  which,  we  shall  presently 
see,  is  unmistakably  present  in  the  Upper  Black  Slate. 

Among  the  humbler  animal  forms  of  the  Cadent  shale 
is  a  coral,  the  Cyathophyllum  turbinatum  (see  Fig.  655).  Of 
FiG.654.-Orthocerassubulatum.  ^^^g  Mollusca  there  are  a  few  species  of  Polyzoa :  one  here 

shown  belongs  apparently  to  the  Escharadce  (see  Fig.  656). 
Of  the  conchiferous  molluscs,  the  Avicula  decvssata  (see  Fig.  657),  Modiola  concentrica  (see  Fig.  658),  Avicida 
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flabella  (see  Fig.  659),  Microdon  bellastriata  (see  Fig.  660),  Orthonota  undulata  (see  Fig.  661),  and  a  small  Avicula 
(see  Fig.  662),  like  A.  ccvis  of  Hall,  are  appai-eutly  tlie  most  common.    Another  Avicula  of  a  very  different  type  is 


Fig.  655. — Cyathophyllum  turbinatum.  Fig.  657. — Avicula  decussata. 


here  fig-ured  (see  Fig.  663).    To  these  we  may  add  a  Posidonia  (perhaps  an  Estheria),  here  figured  (see  Fig.  664). 
But  the  most  abundant  of  the  MoUusca  are  the  Brachiopoda.    Among  these  I  would  call  attention  to  the 


following,  as  useful  for  identifying  the  formation:  Strophomena  crenistria  (see  Fig.  665),  and  Strophomena  demissa, 
(see  Fig.  666)  ;  Spirifer  spiriferoides ;  Atrypa  concentrica,  not  unlike  the  Terehratula  concentrica  of  Bronn  (see 
Fig.  667)  ;  Spirifer  miicrmata  (see  Fig.  668)  ;  Delthyris  medialis,  Hall  (see  Fig.  669),  and  Delthyris  congesta 


(see  Fig.  670)  ;  Atrypa  aspera  of  Schlotheim  [A.  spinosa),  Hall  (see  Fig.  671),  a  European  shell ;  and  Tropidoleptus 
carinatus,  Sp.  Conrad  (see  Fig.  672).  A  large  and  beautiful  shell,  occasionally  met  with,  is  the  Delthyris  granuli- 
fera  (see  Fig.  673),  proposed  by  Mr  Hall  as  the  type  of  the  genus  Tropidoleptus. 
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Another  abundant  brachiopocl  is  the  Productus  hirsutus  (see  Fig.  674),  covered  with  closely-set  hair-like 
spines.    This,  and  one  or  two  other  Producta,  are  interesting  links  between  the  Cadent  and  the  Carboniferons  for- 


FlG.  673.— Delthyris  granulifera.  hii-sutus.  yio.  675.— Lepidodendron  primsevis. 

mations,  tlie  genus  Productus  being  regarded  as  eminently  characteristic  of  the  latter.  Ascending  into  tlie 
(Jadent  ujiper  black  slate,  we  encounter  a  repetition  of  some  of  the  smaller  species  of  the  Cadent  lower  black 
slate,  and  among  them  well-developed  specimens  of  an  air-breathing  plant,  a  Lepidodendron,  of  which  I  here 
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present  a  figure,  (see  Fig.  675),  representing  a  fragment  of  a  bifurcating  stem,  sui-monntecl  by  its  grass-like  leaves, 
i'rom  a  locality  of  these  fossils  at  the  mouth  of  Standing  Creek,  just  E.  of  the 
town  of  Huntingdon.    I  propose  to  call  it  Lepidodendron  primcev/s,  as  signify- 
ing the  early  age  at  which  one  of  the  main  coal-producing  types  of  vegetation 
made  its  appearance. 

Curiously  enough,  we  find  in  the  very  same  layers  of  fissile  black  slate, 
between  which  the  Lepidodendron  has  been  flattened  and  preserved  as  in  the 
leaves  of  an  herbarium,  beautiful  specimens  of  a  delicate  shell,  the  Ooniatites 
interruptus  ?  (see  Fig.  G76),  belonging  to  a  type  of  Molluscs  supposed  to  have 
inhabited,  if  not  the  sea  itself,  the  brackish  waters  of  its  margin. 

The  other  associates  of  these  fossils,  an  Orbicula,  two  Lingula",  and  an 
Atrypa,  imply  the  same  thing — a  deposition  of  the  dark  carbonaceous  slate 
beneath  waters  open  to  the  sea.  We  may  conjectiTre  that  the  part  of  the  ocean 
imbedding  these  remains  was  very  slioal,  and  that  a  low  marsliy  coast  support- 
ing the  lepidodendi-on,  and  collecting  the  carbonaceous  matter,  could  not  have 
been  far  distant.  One  of  the  most  expressive  facts  bearing  upon  the  marvellously 
vast  and  uniform  features  of  the  physical  geography  of  the  Appalachian  basin 
in  some  of  its  periods,  is  the  occurrence  of  the  Cadent  lower  black  slate  from 
Tennessee,  N.E.  to  New  York,  and  from  New  York  W.  to  Illinois,  and  its  reap- 
pearance far  to  the  N.W.  in  British  America,  along  the  M'^Kenzie  Kiver,  even  to 
the  Arctic  Sea.* 

The  most  abundant  trilobite  of  the  Cadent  series  in  Pennsylvania  is  the  Calymene  hvfo,  Green. 

Another  quite  common  trilobite,  Homalonotus  {Dipleura)  Dekaii.  As  far  as  known,  this  species  is  restricted 
to  the  Cadent  shales.  The  delphinocephalus  of  the  Niagara  group  of  New  York  has  not  been  found  in  Penn- 
sylvania.   No  fish-remains  have  been  discovered  in  the  Cadent  strata  of  Pennsylvania. 


Fig.  676. — Guniautcs  interruptus  (?). 


ORGANIC  EEMAINS  OF  THE  VEEGENT  SERIES. 
This  great  formation,  notwithstanding  its  thickness,  is  so  uniform  in  composition,  and  so  generally  destitute 
of  calcareous  matter,  that  its  organic  remains  are  inferior  in  their  abundance  to  those  of  the  much  thinner  Cadent 
series  beneath  it. 

Of  Plants,  it  contains,  besides  several  fucoids,  chiefly  characteristic  of  the  lower  member  or  Yergent  flags, 
occasional  specimens  of  what  appears  to  be  a  Lepidodendron  (see  Fig.  G77).    This  is  apparently  the  same  fossil 


Fig.  678. — Avicula  damnoniensis. 


Fig.  679. — Avicula. 


Fig.  677. — Lepidodendron. 

which  is  figured  in  the  Geology  of  New  York,  Part  IV.,  by  Prof.  Hall,  under  the  name  of  Sigillaria  Chemungensis.  This 
confessedly  terrestrial  plant  is  interesting  as  forming  one  of  a  series  of  steps  through  which  we  trace  the  gradual 
advent  of  that  remarkable  flora  which  flourished  in  such  exuberance  in  the  later  Carboniferous  or  Coal  period. 


Fig.  680. — iStrophomena 
Chemungensi-s. 


Fig.  682.— Atrypa 
eximia. 


Fig.  683.— Delthyris  cuspidata. 


Fig.  681. — Atrypa  liystrix. 


Among  the  conchiferous  molluscs  special  to  the  Yergent  formation  are  two  or  three  Aviculas,  as  Aricida 
damnoniensis  (see  Fig.  678),  a  beautiful  form  characteristic  of  the  Upper  Devonian  strata  of  Europe.  Another 
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species  found  high  in  the  series  (see  Fig.  C79)  is  somewhat  common.  I  suspect  it  to  be  a  new  species,  but  do 
not  presume  to  name  it. 

The  most  numerous  shells  of  the  formation  are  its  brachiopods  ;  one  of  these  is  the  Strophomena  Ckemungensis 
(see  Fig.  680.)  A  remarkable  Atrypa,  the  A.  h)/strix,  is  distinguishable  from  every  other 
of  its  genus,  by  the  size  of  its  ribs  and  the  long  spines  which  proceed  from  them 
(see  Fig.  G81).  Another  species  is  the  Atrypa  eximia,  Hall  (see  Fig.  682).  Some  of 
the  Spirifers  or  Delthyri  of  this  formation  are  of  unusual  size ;  a  common  sj)ecies  of  the 
genus  is  Delthyris  cuspidata  (see  Fig.  683). 

ORGANIC  EEMAINS  OF  THE  PONENT  EOCKS. 

The  Ponent  series  (Catskill  group),  like  most  deposits  of  red  sandstone  and  red 
shale,  destitute  of  calcareous  matter,  are  very  deficient  in  orgaTiic  remains.  One  may 
search  through  large  tracts  of  it  in  Pennsylvania,  and  not  meet  with  a  solitary  fossil. 
This  is  especially  so  in  its  outcrops  in  the  Appalachian  chain.  Near  .the  N.  border  of 
the  State,  some  of  its  lower  layers  do  contain  a  few  relics  of  extinct  hfe ;  by  far  the 
most  interesting  of  these  are  the  bones  and  scales  of  two  species  of  fishes  of  the  genus 
Holoptychius,  discovered  near  the  Tioga  River  by  the  engineers  constructing  the  Tioga 
Valley  Railroad.  The  reader  will  find  a  brief  description  of  these,  with  figm-es,  in  the 
Geology  of  New  York,  Part  IV.,  page  281.  In  the  Appalachian  chain  we  occasionally 
meet  with  traces  of  vegetation  in  the  upper  strata.  One  of  these  plant-impressions 
is  the  fem-like  form  here  represented  (see  Fig.  684) ;  it  bears  some  resemblance  to  the 
genus  Noeggerathia,  but  its  characters  are  too  vague  to  enable  us  to  settle  its  affinities. 
Another  curious  plant,  equally  obscure  in  its  relationships,  rejiresented  on  Plate  XXII., 
is  now  and  then  met  with  :  see  the  note  upon  it  kindly  furnished  me  by  Professor 
Balfour  of  Edinburgh,  at  the  end  of  the  chapter  on  Organic  Remains. 

OEGANIC  EEMAINS  OF  THE  VESPERTINE  AND  UMBEAL  STRATA. 

One  of  the  least  fossiliferous  of  the  formations  of  the  PalEeozoic  system  in  Pennsyl- 
vania is  the  Vespertine  sandstone.  Consisting  as  it  does  tkroughout  its  outcrops  in 
the  Appalachian  chain  of  pebbly  grits,  argillaceous  sandstones,  and  sandy  shales,  all 
destitute  of  the  carbonate  of  lime,  so  essential  to  the  marine  organisms  susceptible  of 
fossilisation,  it  is  absolutely  deficient  in  molluscan  or  other  types  of  aquatic  life. 
Towards  the  N.  border  of  the  State,  one  or  two  thin  layers  of  partially-calcareous 
rock  do  appear  in  it,  and  these  contain  a  few  obsciu'e  casts  of  what  seem  to  be 
bivalve  shells.  Adjoming  the  anthracite  coal-fields,  this  dejDosit,  somewhat  resembling  -^iq  684  —Ponent  Fem  ? 
the  conglomeritic  group  at  the  base  of  the  Coal-measures,  presents  a  further  analogy 

to  the  true  coal -formation,  in  possessing  some  vegetable  fossils  identical  in  their  generic  characters  with  those 
which  are  distinctive  of  the  true  coal  strata.  These  belong  chiefly  to  the  fem-like  genus  Noeggerathia  and  to  the 
coal-producing  genera  Sigillaria  and  Lepidodendra.  The  most  common  Noeggerathia  is  N.  obtusa,  Lesquereux, 
figured  on  Plate  I.,  fig.  11,  among  the  fossils  of  the  coal-formation ;  it  occurs  likewise  in  the  Ponent  rocks,  the 
lowest  position  in  which  we  have  found  the  genus.  The  most  common  air-breathing  plants  are,  however,  the 
Lepidodendra ;  all  of  these  hitherto  seen  have  comparatively  slender  stems,  and  are  characterised  by  the  smallness 
of  their  leaf  scars. — (See  Plate  XVI.,  fig.  2,  of  the  fossils  of  the  coal-formation).  Lepidodendra  of  this  type  are  to 
be  found  in  the  Vespertine  formation,  all  along  the  Appalachian  chain  to  South-west  Virginia.  Our  coloured 
figure,  Plate  XXL,  fig.  2,  represents  another  sjaecimen.  Among  the  upper  beds  of  the  formation  in  the  gap  of  the 
Mahoning  Mountain  at  Maucli  Chunk,  there  occurs,  associated  with  the  Lepidodendron,  a  sniaU  Stigmaria,  the 
Stigrnar/a  minuta,  Lesquereux. — (See  Plate  XVI.,  fig  1,  and  Mr  Lesquereux's  description,  in  his  Essay  on  the 
Fossil  Plants.) 

It  is  an  interesting  fact,  that  the  small-scarred  Lepidodendra  of  the  Vespertine  formation  are  represented  by 
a  very  similar  group  in  the  lower  carboniferous  rocks  of  Great  Britain  and  Ireland,  furnishing  an  argument,  inde- 
pendent of  that  from  their  stratigrapliical  position,  for  placing  these  two  respective  formations  upon  nearly  the 
same  horizon  in  time. 

The  ordy  organic  remains  ever  met  with  in  the  Umbral  red  shale  of  our  E.  coal-fields,  are  some  rare  impres- 
sions of  a  large  plant-like  form,  discovered  by  us  in  the  valley  immediately  S.  of  Sharp  Mountain,  at  Pottsville, 
and  in  a  few  corresponding  localities.  This  imprint  upon  the  red  sandstone  has  often  the  aspect  of  a  large  fleshy 
leaf,  curiously  corrugated,  as  if  it  had  been  crumpled,  while  in  a  flaccid  state,  by  compression  beneath  a  newly- 
deposited  load  of  sediment.  Each  leaf-like  portion  exhibits  a  raised  rib  like  an  obscure  rachis,  but  in  other 
respects  it  bears  a  general  likeness  to  some  tribes  of  the  Alga^,  or  Sea-weeds.  Professor  Balfour  has  kindly 
favoured  me  with  a  note  upon  it  (see  end  of  chapter  on  Organic  Remains). 

We  sometimes  find  associated  with  this  feather-like  plant  another  marking  in  the  rock,  which  traverses 
the  strata  perpendiculai-ly,  and  branches  downward  like  a  I'oot,  and  which,  from  its  generally  occurring  in  the 
same  layers  with  the  flattish,  fucus-like  impression,  we  may  conjecture  to  have  been  its  actual  root.  In  one  or  two 
instances  this  root-like  foi-m  has  been  seen  to  proceed  from  a  large  rudely- spherical  body  of  similar  structure, 
impressed  on  the  sm-face  of  the  same  layer  of  red  sandstone  which  contained  a  quantity  of  the  flatly-expanded 
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supposed  sea-weed ;  a  further  evidence  of  their  being  related  as  the  upper  and  lower  parts  of  the  same  vegetable. 
The  leaf-like  portion  is  sometimes  between  2  and  3  feet  long,  and  several  inches  wide,  and  the  impressions 
regarded  as  its  root  are  of  the  length  of  some  inches. 

Amid  a  very  general  paucity  of  animal  remains,  the  Vespertine  formation  contains  some  very  interesting 
vestiges  of  animated  creatures  in  the  shape  of  footprints.  The  relics  of  this  class  hitherto  brought  to  light  have 
only  been  met  with  at  the  S.  outcrop  of  the  formation,  in  the  neighboiu-hood  of  Pottsville.  One  species,  the 
largest,  was  discovered  in  1849,  by  Isaac  Lea,  Esq.  of  Pliiladelphia,  on  a  slab  of  Umbral  red  sandstone,  also 
impressed  with  the  wave-Uke  structure  called  "  ripple-mark."  It  was  stratigraphically  situated  about  700  feet 
below  the  top  of  the  formation,  or  its  contact  with  the  base  of  the  coahformation  just  S.  of  Sharp  Mountain,  at 
Mount  Carbon.  These  footmarks,  of  which  there  are  four  in  number,  alternately  right  and  left  footed,  forming  a 
line  of  nearly  a  yard  in  length,  have  been  attributed  by  Mr  Lea  to  a  Saurian  reptile  which  he  has  called 
Sauropus. 

About  1500  feet  lower  in  the  formation,  or  farther  S.  in  the  same  locality,  the  Geological  Survey  brought  to 
Kght  another  species  of  footprints  of  much  smaller  dimensions ;  and  soon  afterwards  two  other  varieties,  at  a 
spot  not  far  S.  of  the  West-Branch  Gap  in  Sharp  Mountain.  The  largest  of  tlie  three  species,  identical  apparently 
with  the  Sauropus  of  Lea,  consists  of  footprints,  each  about  2  inches  in  diameter,  alternately  right  and  left 
footed,  and  quadrupedal,  with  the  fore  and  hind  feet  of  nearly  equal  dimensions ;  the  length  of  stride  being  about 
9  inches,  the  straddle  between  the  right  and  left  footsteps  nearly  4  inches,  and  the  imprints  of  the  hind-feet  but 
little  behind  those  of  the  fore-feet.  A  somewhat  indistinct  grooving  of  the  surface  of  the  stone,  in  two  or  three 
places  centrally  between  the  two  rows  of  footsteps,  suggests  that  the  creature  leaving  these  marks  may  have 
dragged  a  tail  behind  it,  and  the  whole  aspect  of  the  impressions  is  suggestive  of  an  animal  allied  rather  to  the 
Saurians  than  to  the  Batrachian  or  Chelouian  reptiles.  All  of  the  three  species  of  footmarks  are  quadrupedal,  and 
all  of  them  five-toed,  and  right  and  left  footed,  with  an  alternation  also  implying  both  fore-feet  and  hind-feet.  In 
the  smallest  species,  the  toes  are  very  divergent,  like  the  fingers  of  the  human  hand  firmly  outspread  upon  a 
table.  Each  footprint  is  about  half  an  inch  in  diameter,  and  the  length  of  stride  is  from  2  to  4  inches.  No  traces 
of  reptilian  bones  were  discovered  with  these  impressions,  nor  indeed  in  any  part  of  the  foi-mation.  I  have  inva- 
riably noticed  that  the  surfaces  bearing  these  supposed  rej^tilian  impressions,  which  considerations  of  economy 
have  compelled  me  to  omit  engraving,  exhibit  various  indications  of  having  been  exposed  to  the  air  in  a  wet 
state  at  the  time  the  imprints  were  formed.  They  are  always  at  the  incohering  partings  between  easily- 
separating  beds  of  sandstone  ;  and  the  indented  surface  is  glazed  with  a  fine  slimy  clay,  such  as  retreating  turbid 
water  leaves  behind  it :  the  scaling  off  of  this  coating  of  clay  soon  obliterates  the  smaller  footprints.  These 
glazed  surfaces  are  furthennore  impressed  with  deHcate  watermarks  and  groovings,  such  as  water  trickling  down 
a  slimy  or  wet  sandy  beach  always  produces.  In  some  instances  we  see  them  imprinted  with  the  markings 
called  "  rain-spots;"  and  in  rarer  cases  they  show  cracks  filled  with  sand,  such  as  geologists  are  wont  to  attribute 
to  shrinkage  in  mud  from  the  sun's  heat.  So  exclusively  are  the  footprints  confined  to  these  glazed  and  seem- 
ingly half  air-dried  smfaces,  that  it  is  in  vain  to  look  for  them  by  splitting  open  the  cohering  layers  of  the  sand- 
stone, for  they  occur  only  where  the  beds  spontaneously  separate.  All  the  associated  phenomena  confirm  the 
inference  drawn  from  the  footj)rints  themselves,  that  the  creatures  which  left  them  were  air-breathers  in  their 
organisation. 

The  annexed  cut  represents  a  locality  wliere  the  sun-cracks  above  alluded  to  are  exposed  in  a  roadside 
quarry,  near  the  village  of  Dauphin,  on  the  Susque- 
hanna (see  Fig.  685).  The  shrinkage  and  cracking 
took  place  in  a  layer  of  slimy  mud,  now  smooth  red 
shale,  and  the  cracks  are  occupied  by  sand  sifted 
in  at  the  strewing  of  the  immediately  overlying 
layer,  which  is  one  of  red  sandstone.  Frost  and 
weather  have  long  since  defaced  the  surface, 
which,  when  it  was  freshly  uncovered  many  years 
ago,  ofi"ered  a  very  striking  example  of  the  phe- 
nomenon. No  reptilian  or  other  footprints  were 
\nsible  when  we  examined  it. 

Upon  some  of  the  parting  surfaces  of  the  beds 
of  the  Umbral  formation,  we  meet  with  curious 
corragated  impressions  of  the  character  shown 
in  the  accompanying  figure  (see  Fig.  686).  These 
are  of  various  aspects,  but  the  most  common 
sort,  that  here  illustrated,  is  about  half  an  inch 
wide,  and  includes  three  separate  bands  of  cor- 
rugation, the  central  strip  having  this  feature  on 
an  exceedingly  minute  scale.  One  margin  of  the 
impression  invariably  shows  a  narrow  sharp 
groove,  2  or  3  inches  long,  gradually  diverging 
from  the  centre  in  a  very  gentle  curve  to  a  point  outside  of  the  edge  of  the  coringation.    The  whole  impression 
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looks  like  tlie  trail  loft  by  some  crawling  molhisc,  and  we  may  fancy  that  the  slender  groove  which  is  always  on 
one  side  only,  has  been  made  by  the  edge  or  lip  of  the  creature's  sheU,  ploughing  the  mud 
^  or  sand  as  it  advanced.    It  is  worthy  of  note,  that  these  trails  have  not  been  seen  upon  the 

same  class  of  surfaces  as  those  imprinted  with  the  footsteps,  but  upon  partings  in  the  strata 
which  are  more  uneven  and  less  glazed,  and  which  look  as  if  they  had  been  covered  ■with 
sediment  wliile  under  water. 

Trails  of  other  patterns,  some  of  them  more  sharply  punctated  than  these  now  noticed,  as  if 
by  the  fins  of  fishes,  are  occasionally  seen  in  tlie  strata  of  some  of  the  underlying  foimations ; 
they  are  not  infrequi^it  in  the  lower  and  middle  layers  of  the  Vergent  series,  particularly  on 
the  Lehigh  River,  N.W.  of  the  Lehigh  Water-Gap,  below  Weissport. 

No  vestiges  of  reptilian  life  have  been  met  with  in  Pennsylvania,  nor  indeed  anywhere 
among  the  Appalachian  formations,  lower  iu  the  strata  than  the  impressions  above  spoken  of 
as  occurring  near  Mount  Carbon,  and  their  horizon  is  about  2000  feet  below  the  base  of  the 
Coal-measures,  or  upper  Carboniferous  series.  As,  nevertheless,  the  actual  remains  of  reptiles 
have  been  found  in  Scotland,  and  elsewhere,  in  deposits  of  Devonian  or  old-red-sandstone  date, 
or  on  the  parallel  of  our  Ponent  strata,  two  formations  lower  than  these  in  the  Appalachian 
system,  we  are  not  entitled  to  look  upon  them  as  altogether  the  most  ancient  traces  of  rep- 
tilian life,  and  it  is  very  probable  that  future  geological  researches  will  bring  to  light,  if  not 
the  bones,  at  least  the  footjjrints  of  creatures  of  that  class,  even  as  low  down  among  the 
strata  as  the  Vergent  series,  where  we  meet  with  so  many  indications  of  air-breathing  plants, 
shore-marks,  trails  of  molluscs,  and  other  proofs  of  the  conditions  compatible  with  the  existence 
of  those  races. 

That  any  races  higher  by  an  important  interval  in  the  scale  of  organic  beings  than  the 
reptiles  which  have  left  their  traces  in  the  Carboniferous  and  Devonian  strata,  coexisted  with 
them,  must  appear,  I  conceive,  very  improbable,  when  we  reflect  that  no  vestiges  of  any  such 
have  ever  yet  been  met  with,  though  we  are  assured  by  the  reptilian  footprints,  and  other 
independent  evidences,  that  the  physical  conditions  of  the  surface  were  every  way  favourable  for 
the  preservation  of  their  tracks.  The  successive  disappearance  of  the  traces  of  the  higher 
forms  of  life,  as  we  recede  into  remoter  geological  times,  is  one  of  the  clearest  proofs  which 
we  can  have  of  a  progressive  elevation  in  the  scale  of  structure  of  the  races  successively 
created.  The  law  of  the  successive  appearance  of  the  footprints  is  qmte  as  conclusive  as  that 
of  the  parallel  introduction  of  the  actual  skeletons  and  remains  of  the  creatures  themselves. 
It  is  perhaps  of  even  more  weight  as  precluding  all  discussion  upon  the  differences  of 
degree  of  destructibility  of  the  bones  or  carcasses  of  the  several  classes  of  animals  which 
peopled  the  ancient  world.  Some  of  the  bird-tracks  and  reptilian  footprints  left  on  the  once 
soft  surfaces  of  the  old  rocks,  are  as  clear  and  legible  as  any  impressed  yesterday  on  surfaces 
of  moist  mud  or  sand  by  the  creatures  of  corresponding  structure.  Once  bedded  and  sealed 
up,  their  preservation  has  been  independent  of  the  lapse  of  time.  This  law  of  a  progressive 
rise  in  the  footprints,  like  that  so  generally  recognised  in  regard  to  the  organic  remains 
themselves,  distinctly  refutes  the  view  taken  by  some  disciples  of  the  Huttonian  theoiy  of  the 
earth's  history,  that,  the  higher  animal  forms  being  inhabitants  of  the  land,  we  ought  not  to 
look  for  their  remains  in  strata  of  marine  or  aqiieous  origin,  but  must  suppose  they  were  never 
entombed.  But  the  negative  evidence  from  footprints  is  of  positive  force  when  it  appeals  to 
appearances  in  the  imprinted  surfaces  of  the  rocks,  which  show  that  they  were  exposed  in  a 
moist  state  to  the  air  above  the  level  of  the  waters,  and  in  situations  as  accessible  to  mam- 
malia as  to  birds, — in  the  instance  of  the  Connecticut  red  sandstone,  and  in  the  case  before 
us  of  the  stiU  earlier  formations,  as  accessible  to  both  mammalia  and  birds  as  to  the  reptiles 
which  left  their  ti'acks  upon  them. 

The  only  district  within  the  State  in  which  the  umbral  strata  contain  any  actual  organic 
remains  of  the  extinct  species  themselves,  is  the  tract  commencing  in  Cambria  County,  and 
extending  through  Somerset  County  to  Maryland.  Here  the  formation  assumes  a  more  calca- 
reous character  than  it  possesses  anywhere  to  the  N.E.,  and  even  admits  a  thin  stratum  of 
limestone,  which,  expanding  towards  the  S.W.  and  W.,  becomes  the  Great  Carboniferous  Limestone  of  the 
Southern,  Central,  and  Western  portions  of  the  Appalachian  basin.  This  limestone,  especially  in  the  districts 
of  its  full  development,  abounds  in  fossil  remains  of  a  marine  type — zoophytes,  echinoderms,  and  molhiscs — many 
of  them  analogues  of  the  fossils  distinctive  of  the  carboniferous  limestones  of  Europe,  to  the  liorizon  of  which  it 
seems  to  approximate.  Among  the  few  fossils  imbedded  in  tliis  rock  in  Somerset  County,  where  it  is  thin  and  near 
its  ancient  Eastern  limit,  one  of  the  most  common  is  a  Productus,  w  ith  a  comparatively  short  hinge,  and  great  elon- 
gation of  the  dorsal  valve.  I  think  it  is  equally  typical  of  this  stratum  in  the  Western  States,  but  I  have  not 
been  able  to  learn  the  specific  name  there  conferred  upon  it.    (See  Fig.  687). 

The  beautiful  fossils  called  Pentremites,  a  group  of  stemless  echinoderms  equally  distinctive  of  the  Umbral  or 


1^ 


1^ 


■IM 


Fig.  686.— 
Trail  of  a  Mollusc  ? 
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carboniferous  limestone,  are  rarely  met  with  in  Pennsylvania ;  but  tbe  species  here  shown  does  occur,  and  is  very 
common,  fai-ther  S.  in  Virginia.    (See  Fig.  688). 

ANIMAL  EEMATNS  OF  THE  COAL  STRATA  OP  PENNSYLVANIA. 

The  Coal-measures  of  Pennsylvania,  except  near  the  W.  side  of  the  State,  possess 
but  few  species  of  animal  remains ;  the  Anthracite-measures  almost  none  at  aU.  This 
paucity  of  molusca  and  other  aquatic  forms  is  attributable  to  causes  already  amply  ex- 
plained— the  generally  littoral  or  land-derived  character  of  the  sediments,  and  correspond- 
ing scarcity  of  calcareous  matter  in  the  shales.  Until  very  lately  the  anthracite  fields 
had  failed  to  disclose  a  single  fossil-shell,  but  in  the  summer  of  1857,  my  nephew,  W. 
B.  Kogers,  jun.,  discovered  the  casts  of  two  or  three  (an  Avicula  ?  and  a  TelHnomya  ?) 
in  coal-slate  near  the  mouth  of  the  Eavensdale  tunnel. 

The  limestone  layers  and  beds  of  calcareous  shale  of  the  bituminous  coal-fields  of 
the  Western  counties  contain  some  well-preserved  species ;  among  them  a  small  Avi- 
cula,  here  shown  (see  Fig.  689),  and  another  shell,  apparently  a  new  species  of  Nucula?  (see  Fig.  690),  an  orna- 
mented Pleurotomaria  (see  Fig.  691),  and  a  Nautilus,  apparently  N.  decoratus,  Cox  (see  Fig.  692),  somewhat  like 


Fig.  687.— Productus. 


Fig.  089. — Avicula. 
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Fig.  691. —Pleuroto- 
maria. 


Fig.  692.— Nautilus 
decoratus. 


Fig.  693.- 
Lingula. 


the  N.  tuberculatus,  Sowerby.  This  last  shell  is  often  seen  in  a  fossiliferous  layer  in  the  cliffs  of  the  Mononga- 
hela  Eiver,  opposite  Pittsburg.  Another  mollusc  of  the  Coal-measures,  seen  occasionally  in  the  same  strata, 
but  more  common  in  Western  Virginia,  is  the  Goniatites  Nolenensis,  Cox,  a  species  found  also  in  Kentucky. 
We  likewise  meet  sometimes  with  a  delicate  little  elliptical  Lingula  (see  Fig.  693),  especially  interesting  from 
the  position  in  which  it  is  iisually  found. 

• It  is  most  apt  to  occur  in  carbonaceous  fissile  black-slate — indeed  it  is  seldom  seen  but  in  the  roof- 
slate  of  a  bed  of  coal.  The  specimen  here  figured  is  from  this  position,  just  above  a  coal-seam  at  Nel- 
sonville,  Oliio ;  and  I  have  met  with  it  in  the  same  position  above  a  coal-bed  in  Mercer  County,  in 
Pennsylvania.  I  have  also  seen  a  Lingula,  apparently  the  same  species,  in  the  black  roof-slate  of  a 
coal-seam  on  the  E.  slope  of  the  Cumberland  Mountain,  in  Tennessee.  As  it  is  well  known  that  some 
of  the  living  Lingular  inhabit  shallow  waters,  the  occurrence  of  these 
remains  so  immediately  above  a  stratum  which  was  demonstrably  formed 
in  contact  with  the  air,  need  not  surprise  us,  if  we  adopt  the  exjDlana- 
tion  of  the  origin  of  the  coal  strata  presented  in  the  foregoing  pages,  and 
suppose  the  coal-bed  overlaid  by  the  Lingula  slate  to  have  been  a 
level  savannah  bordering  the  sea,  and  to  have  quietly  sunk  beneath  the 
level  of  the  waters,  enabling  the  marine  organisms  to  take  up  their  abode 
above  it. 

The  Western  Coal-measures  contain  a  large  Spirifer,  here  represented 
(see  Fig.  694).  It  is  of  a  type  often  met  with  in  the  carboniferous 
limestone. 

Of  the  remains  of  vertebrated  animals  the  coal  strata  of  Pennsylvania  have  hitherto  revealed  but  few  traces. 
No  well-identified  fish-remains  have  yet  aj^peared;  but  some  years  ago  some  interesting  reptilian  footprints  were  found 
by  Dr  King  of  Greensburg,  Westmoreland  County,  on  a  slab  of  sandstone  of  the  coal-formation  in  the  neighbour- 
hood of  that  town.  These  were  subsequently  examined  by  Sir  Charles  Lyell,  who  makes  the  following  mention 
of  them  :  "  The  foot-marks  were  first  observed  standing  out  in  relief  from  the  lower  surface  of  slabs  of  sandstone, 
resting  upon  thin  layers  of  fine  unctuous  clay.  One  of  these  masses  disjalays,  together  with  footprints,  the  casts 
of  cracks  of  various  sizes,  referred  to  the  drying  and  shrinking  of  mud,  and  the  subsequent  pouring  in  of  sand  into 
open  crevasses.  No  less  than  twenty-three  footsteps  were  observed  by  Dr  King  in  the  same  quarry  before  it  was 
abandoned ;  the  greater  part  of  them  so  arranged  on  the  surface  of  one  stratum  as  to  imply  that  they  were  made 
successively  by  the  same  animal.  Everywhere  there  was  a  double  row  of  tracks,  and  in  each  row  they  occurred 
in  pairs,  each  pair  consisting  of  a  hind  and  fore  foot,  and  each  being  at  nearly  equal  distances  from  the  next  pair. 
In  each  parallel  row  the  toes  turned,  the  one  set  to  the  right,  the  other  to  the  left.  In  the  European  Cheiro- 
therium  both  the  liind  and  fore  feet  have  five  toes,  and  the  hind  foot  is  about  five  times  as  large  as  the  fore 
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Fig.  694.— Spii-ifer  of  the  Coal  Strata. 
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foot.  In  the  American  fossil  tbe  posterior  foot  is  not  even  twice  as  large  as  the  anterior  ;  and  the  number  of  toes 
is  luiequal,  being  five  in  the  hind  and  four  in  the  anterior  foot.  In  this,  as  in  the  European  Cheirotherium,  one 
toe  stands  out  like  a  tlmmb.  The  American  Cheirotherium  was  evidently  a  broader  animal  than  the  European. 
Wo  may  assume  that  the  reptile  which  left  these  prints  on  the  ancient  sands  of  the  Coal-measures  was  an  air- 
breather,  because  its  weight  would  not  have  been  sufficient  under  water  to  have  made  impressions  so  deep  and 
distinct." 


NOTES  ON  THE  BEYRTCHI^  AND  LEPERDITI.'E  OF  PENNSYLVANIA. 

By  T.  RUPEKT  JONES,  Curator,  Geological  Society  of  London. 

I  am  indebted  to  my  friend  T.  Rupert  Jones,  F.G.S.  of  London,  for  the  following  very  clear  descriptions  of 
the  species  of  Beyrichire  and  Leperditi.-B,  found  by  the  Survey  in  Pennsylvania.  The  reader  v^-ill  see  an  interesting 
paper,  on  nearly  all  the  known  North-American  species  of  these  obscure  genera,  which  Mr  Jones  has  studied 
with  great  success,  in  the  Annals  and  Magazine  of  Natural  History  for  April  1857. 


Fig.  695.— 
Beyi'ichia 
Maocoyiana. 


Fig.  696. — Be\Tichia  Pennsylvanica 
(different  stages  of  growth). 


Fig.  697.—  Fig.  698.— Leper- 
Leperditia  ditia  Gibbera, 

ovata.  I'ar.  Scalai'is. 


Fig.  699.— Leperditia  Penn- 
sylvanica. 


BEYEICHm 

1.  The  species  of  Beyrichias  (Fig.  696,  ah  c)  whicli  occurs  in  such  nimibers  as  to  constitute  the  chief  mate- 
rial of  the  limestone  bands  of  the  Scalent  marls  of  Pennsylvania,  is  new,  and  presents  several  varying  forms,  pro- 
bably indicative  of  successive  conditions  of  growth.  Three  of  these  I  have  selected  for  illustration,  but  intermediate 
forms  frequently  occur.  This  is  a  bisulcate  Beyrichia,  having  general  resemblances  to  some  other  forms,  but 
distinct  specific  characters,  which  latter  are  chiefly  found  in  the  proportion  of  the  surface-lobes  of  the  A'alves  and 
their  finely-sculptured  ornament.    I  have  named  it  B.  Pennsi/lvanica. 

There  are  two  individuals  of  apparently  a  smooth  variety  of  this  species,  sliowing  a  strongly  iobed  surface 
(as  in  Fig.  696  c),  in  the  greyish  limestone  from  near  Barre  Forge,  where  it  is  associated  with  Leperditia 
Pennsylvanica. 

2.  Beyrichia  Maccoyiana  (Fig.  695),  a  species  of  rather  rare  occirrrence  in  the  Upper  Silurian  limestone  of 
Sweden  (strewed  as  boulders  over  parts  of  Prussia),  occurs  in  a  piece  of  the  Beyrichia  limestone  fi-om  the  marls 
of  the  Scalent  series,  where  it  is  of  rather  a  larger  size  than  the  Em-opean  specimens,  and,  excepting  its  delicate 
marginal  fiilled  run,  is  in  good  preservation. 

LEPERDITIiB. 

1.  A  single  specimen,  L.  ovata  (Fig.  697),  in  the  dark-grey  Auroral  limestone  from  Potter's  Fort,  Penn's 
Valley,  aff'ords  good  evidence  of  a  species  of  Leperditia,  characterised  by  a  simplicity  and  ovateness  of  form  not 
present  in  any  other  known  to  me. 

2.  L.  Pennsylvanica  is  the  name  imposed  by  me  on  a  handsome  species  in  the  grey  limestone  from  near  Baire 
Forge.  It  has  relations  with  L.  Balthica  and  L.  Arciica,  but  differs  from  both,  chiefly  in  its  relative  narrowness 
and  great  convexity  (Fig. 699).  It  is  an  important  sjjccies,  in  my  esteem,  as  being  probably  a,  geographical  repre- 
sentative of  its  European  and  Arctic  allies. 

3.  A  variety  of  L.  Gibbera,  a  species  founded  by  me  on  good  specimens  from  Beechy  Island,  occurs  in  the 
black  limestone  of  the  Scalent  series,  in  good  condition,  showing  a  want  of  the  surface-pittings  which  the  type 
possesses,  and  a  smaller  dorsal  hump  on  its  left  valve  (Fig.  G98,  d  e). 

Casts  of  the  same  variety  {L.  Gibbera  var.  Scalaris)  occur  also  in  the  grey  "Waterlime  "  rock  of  WiUiamsville 
(Museum  Geol.  Soc.) 

A  thin  seam  of  hard  grey  limestone,  half  an  inch  thick,  from  a  rather  higher  horizon  than  that  of  the  black 
limestone,  has  its  surfaces  thickly  beset  with  badly-preserved  valves  of  Leperditia,  apparently  of  the  same  variety 
as  the  one  last  described. 

These  Pennsylvanian  species  are  important  additions  to  the  crastacean  fauna  of  the  Lower  Palasozoic  age, 
and  enlarge  the  number  of  the  North- American  bivalved  Entomostracfe,  of  which  I  now  know  twenty-three  chief 
forms,  besides  minor  varieties.  These  are  either  mentioned  or  described  in  the  Annals  of  Natural  History  for 
April  1857.  There  are  four  other  forms  mentioned  by  Professor  James  Hall  {Palaont.  Neio  York),  which  I  have 
not  yet  met  with,  and  of  which  it  is  difficult  to  form  an  opinion  by  the  figm-es  given. 
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FOSSIL  PLANTS  OF  THE  COAL  STRATA  OF  PENNSYLVANIA. 

The  following  new  species  of  fossil  plants,  one  hundred  and  ten  in  number,  are  some  of  the 
results  of  a  systematic  investigation  of  the  fossil  flora  of  the  carboniferous  strata  of  Pennsyl- 
vania and  the  adjacent  coal-fields  of  Ohio  and  Virginia,  undertaken  a  few  years  ago  by  my  able 
assistant  in  this  department  of  the  geological  survey  of  Pennsylvania,  Leo  Lesquereux,  Esq., 
formerly  of  Switzerland,  now  of  Columbus,  Ohio. 

By  far  the  greater  part  of  the  specimens  were  collected  by  himself  A  few  of  the  new  species 
were  first  seen  and  studied  by  him  in  the  rich  local  cabinets  of  Mr  Clarkson,  of  Carbondale,  and 
of  the  Rev.  W,  Moore,  of  Greensburg,  to  whom  our  best  thanks  are  due  for  their  liberality  in 
thus  opening  their  collections  for  the  description  of  what  was  new.  Many  of  these  hitherto 
undescribed  forms  were  discovered  in  the  slates,  associated  with  the  beds  of  anthracite  in  the 
coal-fields  of  Eastern  Pennsylvania,  which,  compared  with  the  bituminous  Coal-measures  of 
Western  Pennsylvania,  appear  not  only  to  contain  a  greater  variety  of  species,  but  to  present 
them  in  a  condition  of  more  perfect  preservation  for  study. 

The  new  species  here  briefly  described  by  Mr  Lesquereux  constitute  about  one-half  of  the 
total  number  of  well-defined  forms  hitherto  detected  by  him  in  the  Coal-measures  and  lower 
carboniferous  rocks  (the  Vespertine  series)  of  Pennsylvania  ;  more  than  one  hundred  of  the  two 
hundred  and  twenty  species  examined  by  him  proving  to  be  entirely  identical  with  species 
already  recognised  in  the  European  coal-fields,  and  some  fifty  more  of  them  showing  difierences 
so  slight,  that  a  fuller  comparison  with  better  specimens  may  result  in  their  identification  likewise. 
As  a  further  evidence  of  the  near  affinity  of  the  North- American  to  the  European  fossil  flora  of 
the  carboniferous  age,  he  has  remarked,  in  the  course  of  his  investigations,  that  even  these  new 
species,  which  seem  restricted  to  this  continent,  are  every  one  of  them  in  close  relationship  with 
European  forms.  It  deserves  mention,  moreover,  that  the  commonest  European  species  are 
like'wise  the  most  common  American  ones. 

A  future  comparison  of  the  fossil  plants  of  the  several  broad  coal-basins  of  the  United  States, 
in  their  order  from  E.  to  W.,  will  probably  disclose  a  corresponding  reduction  in  the  number  and 
variety  of  the  species, — a  view  abeady  suggested  by  their  relative  paucity  in  the  bituminous 
coal-fields  of  Western  Pennsylvania  and  Ohio,  as  measured  against  their  abundance  in  the 
anthracitic  basins. 

Wherever  I  have  studied  either  the  anthracite  fields  or  the  great  Appalachian  basin,  I  have 
remarked  that  the  lower  or  "  White  Ash  "  division  of  the  Coal-measures  wives  indications  of  more 
violent  and  frequent  disturbances  of  level  in  the  surface  at  the  time  of  the  deposition  of  the 
strata  than  are  noticeable  in  the  composition  of  the  upper  or  "  Red  Ash  "  part  of  the  formation. 
Among  the  proofs  are,  more  abrupt  and  frequent  alternations  of  coarse  and  fine  deposits,  more 
diversified  and  rapid  changes  in  the  thickness,  composition,  and  arrangement  of  the  strata,  both 
of  the  mechanical  deposits  and  the  life-derived  beds  of  coal,  and  the  far  greater  mutability  and 
inconstancy  of  all  those  strata,  even  the  most  quietly  deposited,  within  the  same  area  or  extent 
of  outcrop.  The  lower  strata  of  the  anthracite  Coal-measures  are  indeed  remarkable  for 
diversity  in  the  coarseness  of  the  sandstones,  and  for  unsteadiness  in  thickness  of  the  coal- 
beds  themselves.    Though  these  carbonaceous  layers  are  the  accumulations  of  once  perfectly 
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level  sea-meadows,  at  successive  depressions  of  the  surface,  it  is  evident,  from  their  comparatively 
rapid  thickening  and  thinning,  and  frequent  coalescing  and  diverging,  that  the  floors  upon 
which  they  were  collected  were  neither  so  wide  as  those  which  sustained  the  vegetation  that 
resulted  in  the  bituminous  coal-beds,  nor  so  uniform  and  gradual  and  horizontal  in  their  slow 
movements  of  elevation  and  depression. 

Commensurate  with  the  more  fluctuating  size,  and  more  restricted  range  of  these  lower  coal- 
seams,  is  a  greater  inconstancy  and  diversity  in  their  fossil  flora.  The  more  widely  extended 
upper  beds  appear  to  exhibit  a  more  limited  specific  vegetation,  expanded  over  wider  areas. 

As  far  as  our  researches  have  gone,  we  notice  that  the  lower  strata,  both  in  the  anthracite 
measures  and  in  the  great  Appalachian  coal-field,  abound  in  the  larger  species,  especially  in 
Lepidodendra,  while  the  higher  seams  are  characterised  by  the  smaller  herbaceous  species,  most 
generally  the  herbaceous  ferns. 

We  conceive  that  the  large  proportion  of  species  common  to  the  coal  strata  of  North  America 
and  Europe  clearly  establishes  identity  of  age  between  the  two  deposits,  and  a  close  accordance, 
if  not  identity,  in  the  geographical  and  climatal  conditions  prevailing  at  their  formation.  A  yet 
closer  agreement  is  noticeable  between  the  species  found  in  the  several  coal-fields  of  the  United 
States.  Indeed,  so  much  alike  are  all  the  anthracite  basins  in  their  fossils,  that  J\Ir  Lesquereux 
already  recognises  more  than  twenty  familiar  European  species  as  common  to  these  once  con- 
tinuously united  coal-fields.  It  has  been  indicated  above,  that  the  two  different  groups  of  the 
coal  strata  of  Pennsylvania,  the  lower  or  white  ash,  and  the  upper  or  red  ash,  are  characterised 
by  somewhat  difi"erent  species,  though  these  more  or  less  intermingle.  Satisfied  of  this  fact,  of 
a  general  prevalence  of  certain  forms  in  certain  parts  of  the  Coal-measures,  we  have  aimed  at 
carrying  our  inquiry  a  step  farther,  to  ascertain  whether  or  not  any  or  all  of  the  individual 
coal-seams  themselves  are  separately  recognisable  by  their  fossil  plants.  Undoubtedly,  in  some 
of  the  broadly  -  deposited  and  uniformly  -  conditioned  coal-beds  and  coal-slates  of  the  W. 
bituminous  coal-fields,  a  most  striking  prevalence  is  observed  of  the  same  species  within  the 
same  layer,  on  comparatively  wide  areas ;  but  amid  the  more  regularly  accumulated  beds,  of 
especially  the  lower  or  white-ash  anthracite  strata,  formed  on  a  less  stable  portion  of  the 
nowhere  absolutely  stationary  crust,  the  inconstancy  in  the  vegetation  of  even  the  same  coal- 
seam  is,  for  the  most  part,  if  not  entirely,  too  great  to  permit  an  attempt  to  identify  it  by  its 
fossils  merely.  Again,  in  some  instances,  coal-beds,  which  are  demonstrably  difierent,  are  almost 
absolutely  identical  in  their  fossils.  This  is  the  case  with  the  "Gate"  and  "Salem"  coals,  near 
Pottsville.  So  strikingly  alike  are  they  in  their  vegetation,  that  Mr  Lesquereux  strongly 
inclines  to  regard  them  as  but  the  detached  parts  of  originally  one  sheet  of  coal,  and  to  suspect 
that  there  is  some  error  or  obscurity  in  my  section,  which  shows  them  to  be  separated  by  several 
hundred  feet  of  strata,  including  a  number  of  beds  of  coal.  Of  the  validity  of  the  proofs 
showing  the  so-called  Salem  vein  to  be  a  difierent  coal  from  the  Gate  vein,  and  several  stages 
higher  in  the  series,  there  cannot,  however,  be  any  question,  and  the  palfeontological  evidence 
for  identity  must  therefore  give  way  before  the  higher  and  more  decisive  demonstration,  from 
superposition,  of  their  diS"erence  in  age. 

Before  entering  upon  the  description  of  the  new  species,  Mr  Lesquereux  presents  the 
following  introductory  essay  : — 
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GENEEAL  EEMAEKS  ON  THE  DISTEIBUTION  OF  THE  COAL- PLANTS  IN  PENNSYLVANIA, 

AND  ON  THE  FOEMATION  OF  THE  COAL. 

By  LEO  LESQUEREUX,  Esq.  of  Columbus,  Ohio. 

The  distribution  of  the  fossil  plants  in  the  great  coal-basins  of  America,  especially  in  comparison  with  the 
vegetation  of  the  same  geological  date  in  different  parts  of  the  world,  is  certainly  one  of  the  most  interesting  and 
important  questions  of  geology.  Before  coming  to  any  general  considerations  on  this  subject,  it  is  necessary 
to  look  to  the  distribution  of  the  fossil  plants  in  the  coal-basins  of  Pennsylvania, — apparently  narrowing  our  point 
of  view,  but  only  to  ascertain  our  premises,  and  to  follow  afterwards  our  deductions  with  more  security. 

The  examination  of  the  fossil  plants  of  Europe  has  led  many  geologists  to  suppose  that  there  had  been  some 
appreciable  difference  in  the  vegetation  of  each  peculiar  bed  of  coal,  and  that,  by  a  close  obsei-vation,  it  would  be 
possible  to  identify  the  same  veins  of  coal,  or  at  least  some  of  them,  at  two  very  distant  points  from  each  other. 
The  geological  formations  are  nowhere  more  continuous  and  homogeneous  on  larger  surfaces,  and  nowhere  better 
characterised,  than  in  the  great  Mississippi  Valley ;  and  we  think  that  a  better  confirmation  of  the  opinion 
above  alluded  to  could  not  be  found  anywhere  else. 

The  anthracite  basins  of  Peimsylvania,  cut  into  many  fields  by  the  upheaval  of  tlie  inferior  strata,  required 
first  to  be  examined  in  its  different  sections,  from  its  Eastern  limits  at  Carbondale  to  its  Western,  to  ascer- 
tain if  those  fliff"erent  sections  following  the  vegetation  are  only  parts  of  the  same  original  formation. 

But  before  enumerating  the  plants  for  a  proof  of  the  identity  of  the  diff'erent  basins,  it  is  necessary  to  remark 
that  we  cannot  expect  to  find  in  two  different  parts  of  any  coal-field,  a  perfect  concordance  of  all  the  species.  It 
would  be  absurd  to  suppose  that,  at  the  same  time,  the  same  plants  have  been  distributed  on  large  surfaces 
exactly  in  the  same  proportion.  As  it  happens  in  our  own  time,  there  are  some  plants  of  which  the  presence  suffices 
to  give  a  general  feature  to  the  vegetation.  These  are  the  plants  most  commonly  found,  whilst  many  others  of 
which  the  distribution  is  not  so  general,  cannot  in  any  w^ay,  either  by  their  presence  or  their  absence,  change  the 
character  of  the  whole.  It  is  also  not  unnecessary  to  remark  that,  in  a  flora  of  which  so  few  species  have  been 
preserved,  and  which  is  consequently  so  limited,  the  number  of  the  characteristic  species  cannot  be  great.  And 
it  suffices  that  we  meet  a  few  of  them,  either  in  the  diff'erent  basins  of  anthracite,  or  in  the  different  parts  of  the 
coal-basin,  to  justify  our  conclusion  on  the  identity  of  those  parts.  It  is  well  to  recall  to  mind  that  such  is  the 
difference  in  the  flora  of  the  geological  ages,  that,  in,  the  nearest  formation  to  the  coal,  or  in  the  Permian  period, 
there  is  scarcely  a  single  species  left  which  can  be  related  to  the  vegetation  of  the  coal. 

We  will  then  admit,  as  truly  characteristic  of  the  coal-formation  of  America,  the  following  species  : — 1. 
Asterophyllites  equiset/formis,  Bt.  ;  2.  A.  tuherndafa,  Lindl. ;  3.  Annidaria  spJienopJiillotdes,  Ung.  ;  4.  Sphenophyllian 
Schlotheimii,  Bt.  ;  5.  Calaiuites  apj)roximatus,  Bt. ;  6.  Noeggerathia ;  7.  Neiiropteris  hirsuta,  Lesq.  ;  8.  N.  Jlexiiosa, 
Bt.  ;  9.  N.  heterophylla,  Bt. ;  10.  Dyctiopteris  obliqua,  Bunb.  ;  11.  SpJienojyterts  Lesquereuxii,  Newb.  ;  12.  Aletliopteris 
lonckitidis,  Sternb.  ;  13.  A.  Serlii,  Gopp.  ;  14.  Pecopteris  polymorpha,  Bt.  ;  15.  P.  arborescens,  Bt.  ;  16.  Stigmaria 
^coides,  Stemb.  ;  with  many  species  of  Sigillaria  and  Lepidodendron. 

Of  these  species,  there  are  very  few  that  have  not  been  found  in  all  the  separate  basins  of  the  anthracite 
coal.  To  give  only  a  few  examples,  Neiiropteris  hirsuta,  N.  fiexuosa,  Splienophylliim  Schlotheimii,  are  met  every- 
where. The  first  four  plants  enumerated  above  belong  especially  to  the  upper  veins,  open  at  Pottsville  and 
around  that  place.  They  were  foiind  also  at  Shamokin,  at  Wilkesbarre,  at  Eoom  Eun  mines,  and  at  Tamaqua,  in 
the  lower  Coal-measures.  The  genus  Noeggerathia,  as  we  shall  remark  farther  on,  pertains  to  the  Vergent  and 
Ponent  (Devonian)  formations.  The  same  species  of  the  genus  were  found  below  Pottsville,  and  in  the  Lehigh  Gap 
at  Mauch  Chimk.  No.  10,  Dyctiopteris  obliqua,  Bunbury,  is  at  some  places  very  abundant,  as  at  South  Salem  vein, 
opposite  Port  Carbon,  and  at  Trevorton,  behind  a  wall  of  Sigillaria.  Nos.  11,  12,  and  13,  belong  to  the  low  beds, 
and  are  found  at  both  extremities  of  the  anthracite  basin,  at  Eoom  Eun  mines,  Wilkesbarre,  Shamokin,  Trevorton, 
and  also  at  Minersville  and  Tremont,  with  many  identical  species  of  Sigillarice  and  Lepidodendra.  Nos.  14,  15, 
16,  have  been  found  also  in  all  the  localities  of  the  anthracite  basin. 

But  it  would  be  useless  to  pursue  this  enumeration  further,  the  identity  of  the  different  basins  of  anthracite 
becoming  more  evident  by  what  we  have  to  say  upon  the  identity  of  their  different  beds. 

It  would,  nevertheless,  be  going  too  far  to  promise  an  enumeration  of  the  species  belonging  to  each  bed  of 
coal  or  anthracite,  for  the  fossil  plants  are  found  well  preserved  only  in  the  highest  and  in  the  lowest  strata  of  the 
American  basins. 

It  is  in  the  lowest  strata  of  the  coal  and  anthracite  basins  that  we  find  the  largest  species  of  vegetables  of 
the  time,  especially  the  Lepidodendra,  with  their  bark,  their  fruits,  and  their  leaves.  On  the  roof-shale  at  Carbon- 
dale  there  is  imprinted  in  one  of  the  galleries  the  bark  of  a  Lepidodendron,  2  feet  in  diameter,  and  75  feet  long. 
The  same  diameter  is  preserved  in  the  whole  length  without  any  material  diminution.  On  the  contrary,  the 
highest  beds  of  the  basin  have  the  small  and  herbaceous  species,  and  also  the  tree  ferns  ;  but  more  generally  the 
herbaceous  ferns,  of  which  the  leaves  and  the  smallest  branches  have  been  presei-ved. 

These  highest  beds  crop  out  in  the  vicinity  of  Pottsville,  and  this  place  is  particularly  interesting  for  the  great 
abundance  of  the  fossil  plants  found  in  a  good  state  of  preservation  at  the  Salem  and  the  Gate  veins.   The  relation 
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of  the  vegetation  of  both  these  bods  is  so  close,  that  after  long  and  careful  research,  and  though  the  dynamic 
(structural)  geology  does  not  agree  with  this  conclusion,  we  are  not  able  to  point  out  a  difference  which  vnR 
authorise  a  separation  or  a  distinction  between  them.  There  is  only — and  this  not  at  every  place  where  these 
veins  are  worked — a  slight  difference  in  the  colour  of  the  roof-shales,  which  are  grey  at  the  Salem  vein,  and  more 
black  at  the  Gate.  But  this  difference  is  scarcely  appreciable.  Following,  then,  our  point  of  view,  and  taking 
the  vegetable  palreontology  as  the  basis  of  otir  identification,  we  may  assert  that  the  South  Salem  vein,  opposite 
Port  Carbon,  is  the  same  as  the  Salem  vein  of  the  New  Breaker ;  the  same  also  as  the  Gate  vein  of  Pottsville, 
and  of  Port  Carbon,  and  the  Lewis  vein  of  Mill  Creek.  In  all  these  veins  the  bed  of  coal,  varying  in  thickness 
fi'om  4  to  8  feet,  is  separated  into  two  by  a  greyish  shale  6  to  12  inches  thick,  which  contains  the  great  abundance 
of  fossil  plants  of  which  we  have  spoken  above  :  viz.  Asterophyllites,  Annularia^  Sphenophyllum^  and  Calamites,  are 
there  especially  abundant,  with  Neuropteris  kirsufa,  Lesq. ;  Neuropteris  heterophi/lla,  Bt. ;  Neuropteris  flexuosa, 
and  its  varieties  ;  Odontopteris  Schlotheimii,  Bt.  ;  Dyctiopteris  obliqua,  Bunb.  ;  Sphenopteris  latifoUa,  Bt. ;  Sphenopteris 
polyphylla,  Lesq.  ;  Pecopteris  oreopterides,  Bt. ;  Pecopteris  arborescens,  Bt.  ;  Pecopteris  cyath(Ba,  Bt. ;  Pecopteris 
arguta,  Bt.  ;  Pecopteris  unite,  Bt.  ;  Pecopteris  loschii,  Bt.  ;  Sigillaria  reniformis,  &c.  The  same  plants  are  found 
in  the  same  abundance,  and  on  the  same  kinds  of  slates,  up  the  Schuylkill  Valley,  at  Port  Carbon,  New  Phila- 
delphia, and  Middleport,  where  the  vein  is  named  Gate,  and  on  the  other  side  below  Westwood,  or  West-Branch, 
and  at  W.-West  Branch,  where  the  vein  is  also  named  the  Gate.  Crossing  the  anthracite  basin  in  a  perjiendicular 
direction,  we  find  the  same  plants  we  have  already  mentioned  as  occurring  at  the  South  Salem,  Salem,  and  Gate  veins 
at  Pottsville  ;  at  Lewis  vein  of  Mill  Creek,  and  at  Norwegian  ;  then  N.W.  of  Westwood,  W'here  the  vein  is  named 
Black  vein,  at  Muddy  Creek,  between  Pottsville  and  Tremont,  and  at  the  Tremont  new  vein.  But  though  the  plants 
above  mentioned  are  the  ones  which  give  the  true  character  to  the  vegetation  of  these  strata,  we  will  renew  our 
observation  on  the  general  distribution  of  the  plants,  and  show  that  each  locality  has  also  some  species  of  plants 
which  have  not  been  found  elsewhere.  So  at  the  Salem  vein  of  the  New  Breaker  of  Pottsville  we  collected  one 
fine  Cyclopteris  fimberata,  Lesq.  ;  Cyclopteris  Germari,  Gopp.  ;  Neuropteris  delicatula,  Lesq. ;  Neuropteris  gibbosa, 
Lesq.  ;  and  Neuropteris  dentata,  Lesq.  The  South  Salem  vein  of  Port  Carbon  has  Calamites  decoratus,  Bt. ; 
and  Calamites  undulatus,  Bt. ;  Annularia  sphenopJiylloides,  Neuropteris  adiantites,  Lesq. ;  Odontopteris  squamosa ; 
Sphenopteris  Jiagellaris,  Lesq.  ;  Sphenopteris  jjolyphylla,  Lindl.  ;  and  Alethopferis  muricat,  Gopp.  At  the  Gate  vein 
of  Pottsville  we  have  found  Neuropteris  fissa,  Lesq.,  and  Neuropteris  rotundifolia,  Bt. ;  Neuropteris  tenuinervis, 
Lesq.  ;  Alethopteris  urophylla,  Gopp. ;  Pecopteris  notata,  Lesq.  ;  Pecopteris  concinna,  Lesq. ;  Pecopteris  decurrens. 
The  Gate  vein  of  Port  Carbon  is  particularly  marked  by  the  beautiful  Neuropteris  Bogeri,  Lesq.,  found  only  at 
this  place,  as  the  same  vein  behind  the  hill  E.  of  Port  Carbon  furnished  us  the  remarkable  Alethopteris  semila, 
Lesq.  The  Gate  vein  of  New  Philadelphia,  like  the  same  vein  at  W.-West  Branch,  is  especially  rich  in  the  fruit 
of  Asterophyllites — viz.  Asterophyllites  tuberculata,  Lindl.  ;  A.  lanceolata,  Lesq.,  and  A.  aperta,  Lesq.  ;  vdth  many 
fine  species  of  Sigillaria — as  Sigillaria  reniforinis,  Bt. ;  Sigillaria  Brardii,  Bt. ;  and  Sigillaria  Sculpt,  Lesq.  When 
at  Muddy  Creek  and  Middlejiort  tlie  same  vein  has  also  many  beautiful  Sigillarice,  as  Sigillaria  Jissa,  Lesq.  ; 
Sigillaria  Schimperii,  Lesq. ;  Alethopteris  distans,  Lesq.,  and  Neuropteris  undans,  Lesq.,  &c.  The  vein  named 
Black  vein,  N.W.  of  Westwood,  is  particularly  marked  by  Sphenopteris  intermedia,  Lesq.,  and  Sphenopteris  Graven- 
horstii ;  while  the  most  cUfferent  of  all,  the  new  vein  of  Tremont,  has,  for  its  peculiar  plants,  Odontopteris  creiiulata, 
Bt. ;  Alethopteris  marginata,  Gopp.  ;  Pecopteris  ovata,  Bt.  ;  Pecopteris  penncpformis,  Bt.,  &c. 

The  upper  division  of  the  Anthracite  measures,  characterised  by  the  red  colour  of  the  ashes,  contains,  with 
the  beds  above  named,  a  few  veins  -with  which  we  have  become  acquainted  by  many  cross  sections  around  Potts- 
ville, and  at  Mill  Creek.  These  are  below  Salem  bed ;  the  Timnel  vein,  which  has  very  black  roof-slates,  and  is 
entirely  covered  with  Neuropteris  hirsuta  and  its  stems,  without  any  other  plant,  and  the  Black  mine,  of  wliichthe 
roof-slates  are  especially  marked  by  the  obsolete  prints  of  Asterojjhyllites,  Annularia,  and  Sphenophylla,  in  such  a 
state  of  decomposition,  that  they  are  scarcely  distinguishable,  though  very  numerous.  We  have  found  this  bed 
with  the  same  slates  at  many  places  of  the  basin.  Below  it  are  the  two  Selkirk  veins,  which  have  no  fossils  at 
all,  but  of  which  the  roof  and  bottom  shales  are  impregnated  with  oxide  of  iron,  becoming  rusty  coloured  when 
they  are  exposed  to  the  action  of  the  atmosphere.  Below  the  Selkirk  vein  is  placed  the  Gate  vein,  which,  as  we 
have  said,  is  the  same  as  the  upper  bed — viz.  the  Salem  vein. 

Between  this  tipper  group  (the  red  ash)  and  the  lower  one  (the  white  ash),  there  is  an  intermediate  one 
containing  4  or  5  veins  of  coal  worked  upon  Mill  Creek,  and  of  which  the  slates,  though  very  fine  grey  coloured, 
show  no  trace  of  plants.  It  is  impossible  to  characterise  them  by  the  plants,  but  only  by  the  colour  and  the 
natm-e  of  the  slates. 

But  as  soon  as  we  come  to  the  white-ash  or  lower  strata  the  presence  of  large-sized  fossils  becomes  apparent, 
first  in  the  large  quantity  of  Stigmaria  abounding  at  the  Diamond  and  Prinn-ose  veins,  then  in  the  Lepidodendra, 
and  some  large  ferns  which  distinguish  the  Mammoth  vein.  This  vein  especially  merits  being  mentioned  for  its 
peculiar  flora.  The  roof-slate  of  grey  colour,  ordinarily  charged  with  a  great  many  nodules  of  iron,  has  generally 
preserved  the  impressions  of  the  fossil  plants  in  a  very  good  state.  While  in  the  upper  beds  the  predominance  of 
small  ferns  was  so  striking  that  frequently  on  a  single  slate  of  about  half  a  square  foot  we  could  observe  as  many 
as  ten  or  fifteen  species,  here,  on  the  contrary,  there  is  scarcely  any  fern  to  be  found,  or  if  any,  it  appears  to 
belong  to  the  largest  species.  With  the  Lepidodendra  and  their  fruits,  found  in  great  abundance  at  WilkesbaiTe, 
Carbondale,  Minersville,  Tamaqua,  Lehigh,  and  Summit  Hill,  the  plant  mostly  found  in  these  low  veins  is 
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Alethopteris  Serlii,  Bt.,  with  its  near  relative,  AletJiopteris  lonchitidis,  Bt.,  and  also  Neuropteris  hirsuta,  Lesq.,  and  N'eu- 
ropteris  Clarksonii.  The  fruit  and  leaves,  or  needles,  of  Lcjndodendron — viz.  Lepidosfrobi  and  Lepidophylla,  are  also 
very  abundant  in  the  Mammoth  vein  of  the  anthracite,  and  as  we  did  not  find  any  sjiecimen  of  these  fruits  any- 
where in  the  other  bed  above,  their  presence,  we  think,  may  be  relied  upon  as  a  true  character  of  the  lowest  beds 
of  the  coal-basin  in  general. 

Nevertheless,  we  find  in  these  lowest  strata  the  same  variety  as  in  the  upper  ones — viz.  with  a  few  charac- 
teristic plants,  many  which  belong  especially  to  some  localities.  Carbondale  is  particularly  rich  in  trees.  With 
nearly  all  the  species  of  Lepidodendron  that  we  have  described,  we  have  seen  there  also  the  largest  number  of 
well-preserved  Sigillarice,  especially  those  of  which,  the  bark  being  smooth  and  without  ribs,  we  have  a  section  nearly 
related  to  Lepidodendron.  Wilkesbarre  has  plenty  of  Lepidostrobi,  and  some  large  Pecopteris.  Koom  Run 
mines,  Alethopteris  Serlii,  with  the  large  Cydopteris  orbicularis,  Lindl.,  and  SjplLenopteris  Lesqiiereuxii,  Newbeny. 
Lehigh  Summit  abounds  in  Sigillaria  elegans,  Bt.,  and  Sigillaria  BrocJianti,  Bt.  At  Tamaqua  we  find  again 
Neuropteris  hirsuta,  Lesq. ;  at  Miner's  Hill,  Alethopteris  Serlii,  Bt. ;  at  Shamokin  the  Lepidostrobi,  and  at  Trevorton 
nearly  the  same  flora  as  at  Carbondale — viz.  an  abundance  of  large  trees,  and  both  AlethojJteris  Serlii,  Bt.,  and  A. 
lonchitidis,  Bt.  The  only  place  where  this  low  stratum  does  not  aflbrd  a  striking  likeness  by  its  flora  with  the 
other  localities,  is  at  the  vein  W.  of  Shamokin,  near  the  creek,  and  behind  the  mill.  We  scarcely  found  there  any 
Lepidodendron,  but  only  the  following  species,  which  are  worth  mentioning  :  Neuropteris  hirsuta,  Lesq. ;  Neuropteris 
tenuifolia,  Bt.,  with  its  Cydopteris  elegans,  Lesq.,  Sphenopteris  glandulosa,  Lesq.,  Alethopteris  nervosa,  Gopp.,  Callop- 
teris  Sullivanti,  Lesq.  On  these  species  we  may  remark  that  the  first  one  is  found  everywhere  from  the  base  to  the 
upper  strata  of  the  coal ;  that  Alethopteris  nervosa,  which  was  certainly  a  very  large  fern,  was  found  in  the  low 
beds  only,  and  at  many  localities  in  the  bituminous  coal  and  anthracite  basins ;  and  that  the  fine  Callopteris 
Sullivanti,  which,  by  tlie  form  and  direction  of  its  leaflets,  and  by  its  general  form  also,  is  much  like  Alethopteris 
Serlii,  ought  to  be  admitted  also  as  a  very  large  fern.  Neuropteris  tenuifolia,  Bt.,  resembles  so  much  Neuropteris 
flexuosa,  Bt,  that  they  are  scarcely  distinguishable.  The  difterence  is  here  established  by  the  age  of  the  strata, 
as  this  last  species  belongs  to  the  upper  ones. 

We  have  already  alluded  to  the  identity  of  the  great  Appalachian  coal-field  with  the  different  anthracite 
formations,  asserting  that  this  identity  is  especially  striking  on  a  comparison  of  the  flora  of  the  diff'ereut  strata. 
The  great  Aj^palachian  formation  is  divided  in  two  principal  groups,  each  containing  ordinarily  four  veins  of  coal, 
and  separated  by  strata  of  shale,  sandstone,  and  limestone,  from  300  to  500  feet  thick.  This  is  gene- 
rally named  the  Barren  formation,  for  though  there  are  at  some  places  some  traces  of  coal  and  coal  slates,  there  is 
not  a  good  bed  of  coal  in  this  whole  group.  The  lowest  bed  of  the  basin  rests  on  the  conglomerate,  and  crops 
out  at  the  Portage  Summit,  where  we  collected  some  LepidophjUa,  especially  with  Lepidophijllum  brevifolium,  Lesq., 
and  at  Johnstown,  where  the  black  slates  of  the  roof  are  charged  with  Lepidostrobi,  and  also  with  Lepidodendron. 
The  only  species  foinid  there,  different  from  those  collected  at  Wilkesbarre  is  a  fine  Pecopteris  velutina,  which 
looks  like  a  large  species.  The  same  vein  outcrops  also  at  Cuyuhoga  Falls,  Ohio,  where  it  abounds  in  Lepidoden- 
dra,  Lepidostrobi,  Alethopteris  lonchitidis,  and  some  Sigillarice.  There  is  also  plenty  of  fruit  there,  Cardiocarpon 
and  Carpolithes,  as  at  the  low  beds  of  Trevorton.  The  last  place  where  we  had  an  opportunity  to  examine  this 
vein,  so  rich  in  fine  fossil  plants,  was  at  Great  Kenawha  River,  3  miles  above  Charleston,  and  there  we  found  the 
roof-shales  covered  with  Alethopteris  Serlii,  with  some  fine  Lepidodendra,  and  Lepidostrobi  in  abundance.  So  we 
shall  necessarily  be  forced  to  draw  this  conclusion,  that  this  vein  of  coal,  preserving  well  its  character  at 
such  great  distances,  was  formed  at  the  same  time,  and  under  the  same  circumstances,  both  in  the  whole  extent 
of  the  great  Appalachian  coal-field  and  in  the  anthracite  basins. 

Coming  again  to  the  highest  vein  of  the  great  Appalachian  coal,  we  find  the  same  relation  between  the  species 
of  plants  preserved  in  its  roof-slates.  We  have  not  had  any  opportunity  of  seeing  this  bed  cropping  out  in 
Pennsylvania.  But  at  Pomroy,  Ohio,  the  bed  of  coal  there  worked  is  generally  acknowledged  by  geologists 
as  one  of  the  highest,  if  not  the  highest,  of  the  basin.  It  contains  an  abundance  of  ferns,  the  same  species  as 
those  found  at  Pottsville,  especially  Neuropteris  flexuosa,  Bt,  which  is  there  in  such  plenty  as  to  cover  entirely 
the  roof-slate.  And  still  higher,  at  Marietta,  there  is  a  red  shale  perfectly  like  the  shale  of  the  South  Salem  vein 
at  Pottsville,  on  which  we  have  seen  Pecopteris  arborescens,  Cycloj^teris  flmbriata,  Lesq.,  Cydopteris  trichomanoides, 
Bt.,  Asterophyllites  equisetiformis,  Bt.,  Sphenophyllum  Schlotheimii,  Lindl.,  Annularia  sphenophylloides,  Ung.,  all  the 
species  most  commonly  found  in  the  highest  beds  of  the  anthracite  coal  of  Pennsylvania.  The  only  species 
peculiar  to  the  place  which  we  did  not  find  at  Pottsville,  is  our  Asplenites  rubra,  Lesq.,  which,  without  the  fructifi- 
cation, cannot  be  distinguished  at  all  from  Pecopteris  arborescens. 

This  identity,  so  well  established  between  the  great  Appalachian  coal-field  and  the  anthracite  basins,  by  the  vege- 
tation of  both  the  upper  and  the  lowest  veins,  is  of  great  importance  ;  the  more  so  as  it  is  nearly  the  only  affinity 
that  it  is  possible  to  point  out  between  these  two  basins.  The  difference  in  the  nature  of  the  combustible  mineral 
is  well  enough  established,  and  though  it  may  be  possible  hypothetically  to  ascribe  the  transformation  of  bitumm- 
0U8  coal  into  anthracite  to  the  influence  of  heat,  we  have  nevertheless  some  parts  of  the  coal-basin  wliere  the 
matter  does  not  evidence  the  slightest  change,  although  apparently  siibjected  to  the  same  influences.  Thus  the 
lowest  bed  of  coal  at  Portage  Summit,  elevated  2300  feet  above  tide-water,  is  still  1200  feet  above  the  same  bed 
of  coal  at  Johnstown,  without  any  appreciable  chminution  of  the  volatile  matter. 

As  it  is,  the  identity  of  the  vegetation  is  the  only  rehable  proof  of  the  identity  of  both  formations.    But  it  is 
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strong  enough  to  eliminate  any  doubt,  and  so  we  are  induced  to  look  to  some  accidental  circumstance  for  tlie  cause 
of  the  difference.  Perhaps  it  is  especially  to  be  ascribed  to  the  remoteness  of  the  small  anthracite  basins  from  the 
influence  of  the  saline  waters. 

We  would  be  the  more  inclined  to  admit  this  supposition,  as  from  the  base  of  the  Ponent  to  the  highest 
strata  of  the  Anthracite  coal,  we  could  never  detect  any  marine  shells,  when,  on  the  contrary,  these  shells  are 
very  abundant  in  the  true  coal-basin,  not  only  in  the  beds  of  limestone  intermediate  to  the  beds  of  coal,  but  in  the 
shales  of  the  coal  itself. 

It  is  not  our  task  to  speak  of  anything  that  does  not  directly  belong  to  the  vegetation  of  the  coal ;  neverthe- 
less we  cannot  omit  to  mention  some  geological  facts  which  may  help  to  the  identification  of  the  different  beds  of 
the  great  Appalachian  coal-basin. 

We  have  mentioned  above,  the  thick  Barren  formation  which  separates  the  two  stories  of  the  coaL  At  the  base 
of  these  Barren  strata  there  has  been  formed  in  some  localities  a  bed  of  grey  shale,  abundant  in  fossil  plants.  We 
have  observed  it  at  Portage  Summit,  where  it  contains  especially  Pccopteris  polymorphe,  Brongt.  ;  and  from  the 
observation  of  the  Eev.  Mr  Moore,  in  whose  cabinet  we  have  seen  the  beautiful  Neuropteris  Moorii,  Lesq.,  it  appears 
that  this  plant  was  found  also  at  the  same  station,  with  many  specimens  of  Pecopteris  polymorphe.  This  shale  is 
very  often  represented  either  by  a  tliin  bed  of  cannel-coal,  or  by  a  very  black  shale,  covered  with  very  small 
bivalve  shells,  together  with  impressions  of  ferns.  We  have  observed  it  first  at  Portage  Summit,  then  at  Deer 
Creek,  below  Freeport ;  at  Greensburg,  three  miles  from  the  city,  both  E.  and  W.  ;  at  Beaver,  in  Pennsylvania  ; 
also  at  Nelsonville,  in  Ohio,  and  at  Charlestown,  in  Virginia.  The  only  bed  of  coal  that  we  have  had  an  oppor- 
tunity of  examining  in  Illinois — viz.  nine  miles  E.  of  Terre  Haute — is  covered  by  these  shales.  A  few  feet  above 
these  shales,  near  the  base  of  the  Barren-measm-es,  large  trunks  of  trees,  especially  of  the  genus  Psaronius,  are 
found  imbedded  in  strata  of  coarse  sandstone.  These  trees  are  either  transformed  into  sandstone  or  into  Lime- 
stone, and  they  have  left  only  an  impression  (moulder)  marked  by  a  thin  crust  of  coal,  or  entirely  siHcified,  their 
internal  structure  being  preserved.  Their  place  in  the  vegetable  kingdom  is  marked  by  the  form  of  their  vessels. 
Such  trees  are  particularly  abundant  at  Greensburg,  Pennsylvania ;  at  Athens,  Ohio ;  and  at  Charlestown,  in 
Virginia.  We  could  probably  point  out  another  locality  with  a  contemporaneous  and  identical  formation — viz.  the 
standing  forest  of  Calamites  and  Sigillaria  preserved  in  the  sandstone  above  the  bed  of  coal  w^orked  at  Carbondale, 
in  the  anthracite  basin.  This  may  prove  a  new  and  interesting  geological  fact  added  to  the  one  already  mentioned, 
for  the  identification  of  both  basins. 

We  have  not  made  any  extensive  researches  in  the  other  coal-basins  of  America — viz.  the  basins  of  New 
Brunswick  and  New  Scotia,  lUinois,  Wisconsin,  and  Iowa.  The  geological  researches  of  others  have  already  placed 
them  in  the  same  formation  with  the  great  Appalachian  basin,  and  we  have  seen  enough  of  the  fossil  plants  collected 
in  these  different  countries,  to  permit  the  conclusion  that  the  vegetation  of  all  is  identical  or  contemporaneous. 
Among  the  fossil  plants  that  we  have  received  from  New  Scotia,  there  is  not  a  single  species  which  we  did  not 
find  in  the  anthracite  coal-basin  at  Pottsville  ;  and  all  these  plants,  collected  in  a  single  place,  have  proved  to  us 
that  the  vein  of  coal  from  which  they  were  taken  is  the  upper  vein  of  the  basin.  Mr  Bunbury  has  enumerated  a 
larger  quantity  of  these  fossil  plants  collected  in  New  Scotia  ;  yet  in  the  whole  number  we  find  scarcely  a  single 
species  unobserved  in  Pennsylvania.    They  are  the  following  : — 

Neuropteris  cordate^  with  its  variety  angustifoUa,  is  our  Neuropteris  hirsuta.  N.  ingens  f — very  doubtful,  the 
specimen  being  incomplete,  and  the  extremity  of  the  leaflet  broken  off.  N.  flexuosa  ;  N  gigantea,  var.,  of  which 
the  author  remarks  that  it  is  more  an  intermediate  species  between  N.  gigantea  and  flexuosa.  We  think  it  only  a 
variety  N.  flexuosa,  as  the  trae  N.  gigantea  is  scarcely  an  American  species,  though  very  often  mentioned.  All 
the  specimens  that  we  have  received  under  this  name  belonged  to  N.  flexuosa.  N.  rarinervis,  Bunb. — a  good 
species,  very  scarce  in  the  anthracite  basin ;  Cyclopieris  oblique,  Bt. ;  Odontopteris  Schlotheimii,  Bt.  Odontopteris  sub- 
cuneata,  Bunb.,  has  a  great  affinity  with  our  Neuropteris  tenuinervis,  and  may  belong  to  the  upper  part  of  the  frond 
of  the  same  plant.  Dyctiopteris  obliqua,  Bunb.  ;  Pcropteris  emarginate,  Bt.  P.  tmiiopteroides,  Bunb.,  is  nothing  but 
a  variety  of  Alethopteris  Serlii,  very  often  found  in  the  lowest  veins  of  coal  at  Minersville  :  the  specimens  received 
from  New  Scotia  agree  perfectly  with  ours,  P.  nervosa,  Bt. ;  P.  plumosa,  Bt. ;  P.  abbreviata,  Bt.  ;  P.  polymorpha, 
Bt. ;  P.  cyathea,  Sphenopteris  obtusiloba,  Bt. ;  S.  artemisice  folia,  Bt.  Sphenophylliiin  Schlotheimii,  Lesq. ;  S.  erosum, 
Lesq.;  Asterophyllites  foliosa,  Liesq. ;  Bechera  grayidis,  Jjesq.  ;  Pinnuaria  capillacea,  and  some  Lepidodendra,  Sigil- 
larice,  and  Calamites,  identical  with  our  species  of  Pennsylvania.  It  would  be  impossible  to  find  a  more  striking 
identity  between  the  vegetation  of  such  distant  countries. 

The  specimens  received  from  Illinois  and  Indiana  are  stiU  very  few.  But  we  have  abeady  mentioned  that 
the  only  vein  of  coal  that  we  have  examined  in  this  basin — viz.  near  Terre  Haute,  is  the  same  in  its  fossil  plants, 
and  also  in  some  other  characters,  as  the  first  vein  below  the  Barren-measures  in  the  great  Appalachian  basin. 
There  has  not  been  collected  around  St  Louis,  and  elsewhere  in  this  basin,  a  single  plant  which  does  not  belong- 
to  our  flora. 

The  coal  of  Wisconsin  and  Iowa  has  been  explored  by  Mr  Dale  Owen,  who  assigns  it  a  position  a  little  lower 
than  that  of  the  great  Appalachian  coal — viz.  below  the  red  shales  of  the  Umbral  series.  It  may  stand  so,  but  the 
plants  that  he  has  enumerated  and  delineated  from  species  of  Lepidodendra,  would  place  the  vein  from  which  they 
have  been  taken  exactly  at  the  same  level  as  our  low  bed  above  the  Serai  conglomerate.    Both  these  strata  of 
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conglomerates  and  red  shale  may  be  wanting  in  the  Wisconsin  basin,  and,  though  lying  lower,  the  coal  strata 
would  then  be,  as  I  think  they  are,  contemporaneous  with  ours. 

From  North  Carolina  we  have  received  of  late  a  fragment  of  the  roof-shale  of  a  bed  of  coal  in  a  still  lower 
position.  This  small  fragment  does  not  show  any  trace  of  vegetable  remains,  but  only  the  shells  of  the  Chemung 
(Vergent)  group.  It  may  belong  to  another  period,  but  it  is  impossible  to  draw  any  conclusion  from  the  small 
specimen  alluded  to. 

The  parallelism  of  the  different  basins,  and  even  of  the  different  strata,  of  coal  in  North  America,  being  so 
fully  asceitained,  we  have  to  look  to  a  more  general  and  not  less  interesting  question — the  comparison  of  the 
vegetation  of  the  same  period  on  both  continents,  America  and  Europe. 

We  could  begin  our  comparison  from  the  first  formation  where  we  find  some  remains  of  plants,  viz.,  in  the 
fncoids  of  the  older  Palajozoic  strata ;  for  we  have  there  Chondrites  antiquiis,  and  many  species  of  the  same  genus, 
identical  with  those  found  in  Europe.  But  as  these  species  have  been  described  in  the  Keport  of  the  Survey  of 
New  York,  and  as  we  had  not  any  good  opportunity  for  examining  the  plants  of  the  Silurian  period,  we  may  omit 
to  mention  them.  We  have  found  these  Chondrites  abundantly  preserved  in  the  Surgent  group  at  Bloomsburg,  and 
below  the  Vergent  group  at  Portage  Railroad. 

The  terrestrial  flora  of  the  older  Palajozoic  is  either  very  limited  or  scarcely  known.  There  are  few  locali- 
ties where  the  Devonian  strata  have  been  entirely  unfolded,  and  their  shales,  ordinarily  coarse,  are  not  fit  for  the 
preservation  of  the  plants.  This  fossil  middle  Palaeozoic  flora,  excluding  the  fucoides  or  marine  plants,  counts  in 
Europe  only  about  sixty  species,  distributed  in  eight  genera.  Though  we  are  far  from  having  found  in  America  as 
many  of  these  plants,  we  have  been  able  to  collect  enough  of  them  to  ascertain  the  analogy,  if  not  the  identity, 
of  the  vegetation  of  the  ancient  formations,  both  in  Europe  and  in  America. 

The  Calamites  are  not  scarce  in  the  Pouent  series  of  Pennsylvania,  which  corresponds  to  the  Old  Red  sand- 
stone. From  the  Neuropteridece,  Goppert,  we  have  mentioned  in  the  Chemung  group,  or  U23per  Devonian  system, 
our  Noeggerathia  Bocksii,  which  is  the  same  plant  as  Neuropteris  BocJcsiana  of  Goj^pert,  found  in  the  old  Palgeozoic 
formation  of  Silesia.  We  have  still  three  more  Noeggerathia  from  the  same  formation  in  America,  and  of  these 
N,  ohliqua  is  identical  with  the  European  species,  and  the  two  others  are  perhaps  so  ;  for  their  relation  with  some 
species  already  described  is  such,  that  the  difference,  if  there  is  any,  cannot  be  established  without  a  comparison 
of  the  specimens  of  both  countries.  This  predominance  of  the  Noeggerathice  in  the  beds  of  the  Devonian  age,  both 
in  Europe  and  in  America,  is  itself  a  remarkable  fact.  They  are  the  true  ferns  of  the  Devonian  period,  and  they 
disappear  entirely  when  we  arrive  at  the  lowest  strata  of  the  coal-formation.  Pursuing  our  comparison,  we  find 
another  point  of  affinity  in  the  class  of  Sphenopteridece.  In  the  Devonian  rocks  of  Europe  there  is  only  one  species 
hitherto  ascertained,  viz.  Hymenophyllites  Gersdorfii,  Goppert ;  and  we  have  foxrnd  in  the  Ponent  rocks  near 
Mauch  Chunk  a  Hymenophyllites^  which  we  refer  with  doubt  to  Hymenophyllites  furcatus,  Gojipert ;  but  which,  by  a 
comparison  of  good  specimens,  would  ^^robably  prove  to  be  the  same  species,  the  leaflets  being  often  trancate,  as 
H.  Gersdorjii,  the  general  appearance  being  alike.  We  did  not  see  in  the  Devonian  rocks  of  America  any 
Pecopteris,  but  Stigmaria  Anabathra,  Didymophyllum  Brownianum,  and  a  Pinorria,  which  were  probably  found  in  the 
Devonian  formation  of  Europe.  Our  Stigmaria  minuta,  which  comes  from  the  Ponent  below  Pottsville,  is  perhaps 
the  same  species  as  the  undescribed  Sigillaria  minutissima  of  Goppert.  Fruits,  leaves,  and  stems  of  the  undescrib- 
able  Lepidodendron  have  been  found  as  low  as  the  formation  Cadent  upper  black-slate,  in  the  Jiiniata  Valley 
near  Huntingdon.  These  species  are  few  in  number,  but  their  near  affinity,  or  rather  their  identity,  with  those  found 
in  Europe,  may  remove  any  doubt  as  to  the  pai'allelism  of  these  Devonian  formations  in  both  continents. 

The  same  affinity  of  vegetation  becomes  much  more  evident  when  we  come  to  the  true  coal.  The  genei'al 
likeness  in  the  flora  of  this  period  is  so  great  that  we  could  scarcely  point  out  a  difference,  except  perhaps  in  the 
Jimbrialion  of  some  species  of  Cyclopteris  and  Neuropteris,  and  in  our  new  genus  Scolopendrites.  But  except  this, 
in  about  two  hundred  and  twenty  species  we  have  examined,  there  is  not  any  form  that  has  not  a  close  relationship 
with  the  European  species  ;  and  of  these  there  are  more  than  one  hundred  entirely  identical  species,  and  fifty 
more  of  which  the  differences  which  have  necessitated  a  separation  would  perhaps  prove  accidental  or  invaluable, 
if  better  specimens  had  been  procured.  What  is  more  striking  in  the  analogy  of  these  floras  is,  that  the  most 
common  species  in  Europe  are  probably  so  in  America,  and  this  is  also  the  case  with  the  scarce  ones.  We  will 
only  mention  a  few  examples  of  the  most  common  jjlants  of  the  coal-formation  of  Europe  :  we  have  Calamites 
approximatus,  found  in  abundance  at  Carbondale  ;  Asterophyllites  foliosa  and  Asterophjllites  tubercidata,  two  plants 
very  common  in  the  upper  beds  of  the  anthracite  basin  ;  Sphenophyllum  Schlotheimii,  which  covers  the  roof-slates 
of  the  Salem  Vein  at  Pottsville  ;  Neuropteris  hirsida,  L.  (same  as  Neuropteris  cordati,  Bt.),  Neuropteris  flexuosa,  with 
their  corresponding  Cyclopteris ;  Neuropteris  heterophylla ;  very  common  plants  in  tlie  American  coal,  like  Alethopteris 
conchitidis,  A.  nervosa;  Pecopteris  2^olymorpha,  P.  arborescens,  P.  arguto,  with  some  species  oi  Sigillaria  and  of  Lepi- 
dodendron. The  most  common  fossil  vegetation,  as  well  in  Europe  as  in  our  continent,  is  Stigmaria  fucoides,  which 
sometimes  appears  as  if  it  had  alone  formed  many  veins  of  coal.  We  may  as  well  mention  here,  that  the 
remains  are  plentifully  found  in  the  coal  itself,  though  it  has  been  often  denied  that  the  coal  of  Europe  preserved 
any  impression  of  the  plants  which  formed  it. 

Among  the  species  which  are  scarce  in  both  continents  we  find  Cyclopteris  Germari,  of  which  we  have 
obtained  a  single  and  small  specimen  ;  Neuropteris  tenuifolia,  N.  Willersii,  Odontopteris  Schlotheimii,  Alethop- 
teris urophylla,  Callopteris  Sullivanti,  a  near  relative  to  Neuropteris  conferta  of  Goppert,  Pecopteris  ovata,  P. 
VOL.  II.  5  0 


8i2 


ORGANIC  REMAINS. 


abbreviata,  &c.  Tliese  affinities  of  the  vegetation  of  the  coal  period  serve  to  give  us  positive  proof  that  the  PalfP- 
ozoic  coal-basins  of  Europe  and  of  America  were  formed  exactly  at  the  same  time  ;  but  we  do  not  tliink  that  it 
would  be  right  to  draw  the  conclusion  that  at  this  time  the  vegetation  of  both  continents  was  identical.*  On  the 
contrary,  we  find,  by  comparison  of  tlie  flora  of  the  coal,  that,  with  all  its  points  of  likeness,  it  had  as  many  dissi- 
milar ones  as  the  existing  flora  has  now,  and  that  the  distribution  of  the  plants  presented  about  the  same  proportion 
and  disproportion  as  in  our  time. 

But  before  looking  at  this  question,  it  is  necessary  to  understand  what  points  of  reliance  we  shall  find  for  the 
security  of  our  comparison,  and  where  we  shall  find  them. 

It  has  many  times  been  questioned  if  the  fossil  plants  found  in  the  Coal-measures  would  give  us  any  good 
general  view  of  the  vegetation  of  the  Palfeozoic  era.  This  is  easy  to  answer.  Either  the  whole  surface  of 
the  emerged  countiy  was  low,  marshy,  covered  with  the  plants  which  formed  the  coal,  and  the  remains  of 
these  plants  found  imbedded  in  the  shales  are  a  pretty  accurate  representation  of  the  vegetation  of  the  coal ;  or 
there  were  dry  and  high  lands  around  the  marshes,  and  then  the  petrified  plants  found  in  the  Coal-measures  would 
not  give  us  a  better  view  of  the  general  vegetation  than  the  plants  of  the  peat-bogs  would  give  now  of  the  vegeta- 
tion of  the  surrounding  hills.  It  has  been  a  mistake  of  many  authors  to  look  at  the  vegetation  of  the  coal,  and 
draw  conclusions  from  it  withoiit  a  clear  understanding  of  its  nature.  It  is,  I  think,  unnecessary  to  recall  here 
either  the  proofs  of  the  formation  of  the  coal  by  the  heaping  of  vegetable  matter,  or  the  growing  of  the  plants  of 
the  coal  at  the  place  where  their  remains  are  now  found  ;  there  is  already  evidence  enough  on  that  question.  But 
we  require  to  remember  a  few  of  the  laws  of  nature,  to  give  us  a  better  view  of  the  subject. 

The  woody  matter  of  the  plants  is  produced  only  by  the  absorption  and  elaboration  of  the  carbon  of  the 
atmosphere.  The  more  the  atmosphere  is  saturated  with  humidity,  the  more  carbonic  acid  is  absorbed  by  the 
plants.  The  more  of  light  and  air  there  is  around  the  plant,  the  more  this  carbonic  acid  is  elaborated  to  produce  the 
largest  proportion  of  woody  matter.  This  fact,  which  is  directly  proved  by  chemical  experiments,  is  elucidated 
by  nature  everywhere  aroimd  us.  The  plants  entirely  covered  with  water  have  a  very  small  amoimt  of 
woody  matter  in  their  tissue.  And  so  we  can  assert  that  the  true  marine  plants,  or  the  Fucoides,  have  never 
contributed  a  large  share,  if  they  have  at  all,  in  the  formation  of  coal.  On  the  other  hand,  plants  living  in  a  very  dry 
atmosphere  have  ordinarily  a  large  supply  of  sap  and  watery  matter,  like  the  Cactacese  and  the  fleshy  Euphorbiacese 
of  sterile  regions  ;  but  they  contain  a  very  small  proportion  of  woody  matter  ;  and  so  we  can  eliminate  at 
once  this  supposition  that  some  plants  of  the  coal,  the  Sigillarice^  and  the  Stigmarice  especially,  might  belong  to  the 
family  of  the  Cactaceae  or  of  the  Euphorbiacefe,  as  it  has  been  asserted  by  some  authors. 

Going  farther  into  this  subject,  we  find  that  the  plants  especially  composed  of  woody  matter  have  need  of 
another  proceeding  of  nature  to  preserve  this  matter  from  decay,  and  to  transform  it  into  coal.  This  is  performed 
by  humidity,  or  by  water.  Every  particle  of  dead  woody  matter  direct!}^  exposed  to  the  air,  is  by-and-by  entirely 
consiimed  by  the  action  of  the  oxygen ;  it  is  rotted,  as  we  call  it.  But  when  the  action  of  oxygen  is  tempered  by 
the  presence  of  a  large  propoi-tion  of  water,  the  procedure  is  slow,  and  then  the  decay  of  wood  is  exactly 
Like  its  transformation  into  charcoal ;  viz.,  a  true  slow  burning,  and  a  carbonisation.  It  is  then  necessaiy 
to  conceive  the  formation  of  the  coal  as  the  result  of  half-aerial,  half-watery  vegetation,  exactly  that  of  our  present 
peat-bogs.  This  is  the  simplest  and  the  most  natural  way  to  explain  the  formation  of  the  coal ;  and  the  affinity  is  so 
evident  that  it  is  scarcely  possible  to  understand'  how  it  has  been  so  long  overlooked.  Natiu-alists  have,  one  after 
another,  habituated  their  minds  to  construct  systems  and  hypotheses  which  the  simplest  observations  destroy, 
and  have  forgotten  to  look  at  the  work  of  nature,  which  is  always  the  same,  immutable  in  its  laws  as  in  every- 
thing that  is  great  and  eternal. 

If  this  were  the  place,  we  would  like  to  explain  at  length  oiu-  views  about  this  analogy  of  formations  now 
pointed  out,  and  compare  minutely  the  old  formation  of  the  coal  with  the  new  ones,  or  with  the  peat-bogs,  which 
are  nothing  but  beds  of  coal  not  entirely  ripe  or  burned  out.  We  would  have  to  mention  some  very  interesting 
and  striking  analogies,  such  as  the  presence  of  bitumen  in  both  formations.  It  has  always  been  asserted  that  bitumen 
could  not  proceed  from  plants,  and  it  is  now  everywhere  obtained  by  the  distillation  of  peat.  We  would  show 
the  identity  of  the  geographical  distribution  of  both  formations,  though  it  has  been  long  asserted  that  the  peat 
formation  belongs  to  a  cold  climate,  and  the  coal  to  a  warm  one  ;  also  the  affinity  of  form  in  their  plants,  the  leaves 
of  which  are  nearly  all  either  grass-like  or  small,  pointed,  and  Hke  needles,  both  forms  particularly  adapted,  it 
seems,  to  the  absorption  of  the  vapours,  and  the  transformation  of  carbonic  acid  in  woody  matter,  and  show  the 
large  amount  of  wood  in  the  plants  of  our  peat-bogs,  even  in  the  mosses  (sphagna),  which,  though  verv-  fragile, 
soft,  and  thread-like  plants,  have  a  larger  proportion  of  woody  matter  than  the  hardest  and  largest  of  trees.-f- 
This  analogy  of  formation  being  established,  we  do  not  see  any  reason  to  theorise  about  the  general  flora  of 
the  period  of  the  coal-formation.  It  is  useless  to  experiment  on  a  large  amount  of  plants  of  our  time — especially 
plants  living  in  conditions  that  render  their  presence  impossible  in  the  coal-formation,  to  draw  hereafter  any 
conclusions  about  the  number  of  species  of  plants  living  in  former  ages.  It  has  been  ah-eady  observed  by  Mr 
Bunbury,that  the  careful  observations  of  Mr  Lindley  on  the  length  of  time  which  some  plants  may  stand  immersed 
in  water  without  losing  their  form,  cannot  help  in  any  way  to  our  acquaintance  with  the  flora  of  the  coal.  We 

*  As  many  authors  have  done,  ride  Bunbury,  &c.    Some  have  gone  so  far  as  to  suppose  that  at  the  coal  epoch  the  Atlantic  did 
not  separate  both  continents,  and  that  the  coal-basin  of  England  may  be  a  continuation  of  that  of  Nova  Scotia. 

t  All  these  facts  have  been  stated  at  length  in  Revhtrches  stir  ks  Depdts  tourheux  en  (jtneral,  by  the  author  of  this  report. 
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will  here  only  mention  that  if  the  same  experiments  had  been  performed  only  on  the  plants  of  our  peat-bogs,  the 
conclusions  would  have  been  more  rational.  We  take  an  example  from  the  family  of  the  mosses.  Mr  Lindley 
has  experimented  on  six  species,  viz.  Hypnum  striatum^  H.  sericeum,  Dicranum  purpureum,  D.  scojMrium,  Bryum 
undulatum,  Polytrichum  commune.  The  natural  function  of  all  these  species  of  mosses  is  to  cover  the  base  of 
the  trees,  or  their  decayed  parts,  either  to  protect  the  roots,  or  to  form  the  black  earth  or  humus  by  their  decay. 
So  they  are  quickly-decaying-  species.  The  trae  mosses  of  the  peat-bogs  are  the  Sphagnum^  all  the  species ; 
some  Hypna,  especially  Hypnum  trifarium,  H.  Jiuitans,  H.  scorpioides,  H.  niteus ;  some  species  of  Dicranum,  as 
Dicranum  Schraderi,  D.  palustrc,  &c.  ;  and  certainly  if  these  mosses,  with  the  bog-rashes  (Junci)  and  the 
sedges  (Carices)  of  the  peat,  were  subjected  to  the  same  experiments,  the  result  would  prove  very  different.  We 
have  found  in  the  peat-bogs  of  Switzerland  some  beds  of  Hypnum  trifarium  under  10  feet  of  entirely  black  and 
decomposed  peat,  which  were  so  well  preserved  that  the  sj^ecies  could  be  perfectly  and  easily  identified.  We 
have  also  received  specimens  of  Hypnum  jiuitans  found  in  Berlin,  under  50  feet  of  sand  and  water,  which  are  in 
as  good  condition  as  jf  they  had  been  preserved  in  a  collection  of  dry  plants.  To  elucidate  this  point,  and  to 
show  what  is  the  vegetation  of  the  peat-bogs  of  Europe,  and  what  relation  this  vegetation  may  have  with  tliat 
of  the  coal-formation,  we  wiU  translate  a  passage  from  the  work  already  qiioted  on  the  formation  of  the  peat-bogs, 
(page  131,  quarto  edition)  : — 

"  The  analogy  is  not  the  less  remarkable,  if  we  consider  the  classes  of  plants  which  have  formed  both 
combustible  substances.  Mr  A.  Brongniart  found  in  the  old  coal — («)  About  ten  species  of  fucoides.  This  family  of 
plants  is  the  same  as  the  Fucacice  of  our  time,  which  are  marine  plants  found  in  great  abundance  in  the  peat-bogs 
of  the  north.*  (b)  About  nineteen  species  of  the  Horse-tail  family,  or  Equisetacece.  The  species  of  the  same  class 
were  at  one  time  very  abundant  in  the  ditches  of  the  peat-bogs.  The  family  of  the  Characece,  a  near  relative  to 
the  former,  is  most  abundantly  found  in  the  standing  water  of  the  marshes.  (c)  More  than  one  hundred  and 
twenty  species  of  ferns,  and  nearly  seventy  species  of  lycopodiacece,  cryptogamic  vascular  plants,  which  might  be 
referred  to  on  account  of  a  likeness  in  tissue  and  growth  to  our  cryptogamic  cellular  plants.  Our  peat-bogs  have 
also  more  than  seventy  species  of  mosses,  five  or  six  species  of  lycopodiacea^,  and  as  many  species  of  ferns. 
{d)  Eighteen  or  twenty  species  of  palm-trees,  reeds,  and  phanerogamous  monocotyledonous  plants  ;  and  our  peat- 
bogs are  now  essentially  a  compound  of  such  plants,  sedges,  grasses,  and  reeds,  &c.  The  trees  that  are  now 
living  on  our  peat-bogs — viz.  the  pines,  the  birches,  &c. — probably  take  the  place  of  the  large  series  of  palm 
and  fern-trees  of  the  marshes  of  the  Old  World.  And  as  is  the  case  in  the  coal-beds,  where  no  well-characterised 
i-emains  of  dycotyledonous  plants  are  found,  so  in  the  peat  it  is  impossible  to  find  any  trace  of  the  few  dycotyle- 
donous  plants  living  on  the  marshes,  except  perhaps  some  trunks  of  trees." 

The  above  was  written  ten  years  ago  ;  since  then  the  palaeontology  of  the  plants  has  made  very  great 
progress,  and  a  great  many  new  species  have  been  discovered.  Nevertheless,  this  analogy  in  the  vegetation 
of  both  formations,  \"iz.  the  coal  and  the  peat,  has  become  more  and  more  evident.  It  is  a  peculiar  flora, 
evidently  adapted  to  a  peculiar  purpose,  which  in  its  study  ought  to  be  looked  at  in  its  entireness,  and  without 
any  relation  to  the  vegetation  of  any  other  part  of  the  country. 

Such  being  the  case,  our  task  of  comparison  between  both  the  coal-floras  of  Europe  and  America  becomes  an 
easy  one,  and  we  shall  easily  show  what  is  the  value  of  the  conclusion  of  a  celebrated  English  geologist  : 
"  Whereas,  it  appears  that  of  all  the  fossil  plants  which  have  hitherto  been  procured  from  the  carboniferous 
deposits  of  these  regions  (British  America),  a  great  majority  are  undistinguishable  from  British  species,  it  is  well 
known  that  the  recent  vegetation  of  Pennsylvania,  Maryland,  and  Ohio,  is  altogether  of  a  difierent  type  from  that 
of  Europe."  \ 

In  the  peat-bogs  of  North  America,  ordinarily  named  cedar  swamps,  there  are  first  about  twenty  species  of 
mosses  of  which  the  growth  directly  contributes  to  the  formation  of  the  peat.    They  are — 

1.  Sphagnum  cymbifolium,  Ehrh. ;  2.  S.  squarrosum,  W.  and  M. ;  3.  S.  recurvum,  Beaur. ;  4.  S.  acuttfolium, 
Ehrh.  ;  5.  S.  cuspidatum,  Ehrh. ;  6.  S.  compactum,  Bred. ;  7.  S.  contortum,  Schultz ;  8.  Dicranum  Schraderi, 
W.  and  M. ;  9.  D.  palustre,  Br.  and  Schp.  ;  10.  Meesia  longiseia,  Hedw. ;  11.  M.  tinsticha,  Br.  and  Schp. ;  *  Aula- 
comnium  palustre,  Hedw. ;  12.  Hypnum  trifarium,  W.  and  M. ;  13.  H.  stramineum,  Dicks ;  *H.  niteus,  Hedw. ; 
14.  H.  curdifolium,  Hedw.;  15.  H.  stellatum,  S. ;  16.  H.  Jiuitans,  S.  ;  17.  H.  aduncum,  S. ;  18.  //.  scorpioides,  S. ; 
19.  H.  paludosum,  Fult. 

Of  these  species  the  last  one  only  is  peculiar  as  an  American  plant,  all  the  others,  without  exception,  have 
the  same  plan,  the  same  destination,  and  are  found  in  the  same  abundance  in  the  peat-bogs  of  Europe.  There 
are  many  other  species  of  mosses  which  are  growing  only  on  the  peat,  but  which  do  not  claim  a  large  share 
in  the  combustible  matter,  viz. : — 

1.  SplacJinum  ainpullaceum,  S. ;  2.  Polytrichum  gracile,  Meux  ;  3.  Dicranum  cerviculatum,  Hedw. ;  4.  Hypnum 
cuspidatum,  S.  ;  5.  H.  phatense,  Koch ;  6.  H.  filicinum,  S. 

All  species  found  also  on  both  continents  in  the  same  places. 

*  Since  writing  this  opinion,  we  have  had  an  opportunity  of  exploring  the  peat-bogs  of  the  north  of  Europe,  in  Sweden,  Denmark,  and 
Holland,  and  have  not  been  able  to  find  any  trace  of  a  true  bed  of  peat  formed  by  marine  plants  or  fucus.  And  since  that  time,  also,  both 
the  explorations  of  other  authors  and  our  own  have  clearly  proved  that  there  is  not  any  true  facoid  plant  in  the  coal,  and  that  all  the 
impressions  which  were  supposed  to  belong  to  such  marine  plants  represent  either  the  roots  of  some  vegetable,  or  some  new  species  far 
removed  from  the  fucoides.  t  Mr  Banbury. 
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Coming  to  tlie  ferns  in  ascending  tlie  grades  of  the  vegetable  kingdom,  we  find  in  tlie  marshes  of  America — 

1.  Wuodwardia  Virginica,  Willd.  ;  *  2.  Dryopteris  theli/pteris,  Adam;  3.  D.  Norehoracensis,  Adam;  *4.  D. 
cristata,  Adam  ;  5.  Osmimda  spectabilis,  V^'iYld.  ;  6.  0.  Claytoniana^  S. ;  7.  0.  Cinnamomea,  S. ;  *  8.  Ophioglossum 
vidgatum,  S.  ;  *  9.  Lycopodium  inundatiim,  S. ;  *10.  L.  davatum,  S. 

Seven  of  these  species  could  scarcely  be  distinguished  from  their  European  relatives,  if  they  were  found  in 
a  fossil  state,  so  great  is  their  likeness,  and  five  of  them  are  entirely  identical  with  these.* 

The  sedges  and  grasses  are  distributed  also  in  the  same  proportion.  We  will  emmierate  only  the  American 
species,  with  a  mark*  for  those  which  are  found  on  both  continents. 

1.  Narthechun  Americanum,  Ee. — scarcely  distinguishable  from  the  European  N.  ossifraga,  Lamark  ;  *  2.  Juncus 
effusus,  L.  ;  *  3.  J.  maritimus,  L.  ;  *  4.  J.  acuminatiis,  Michx.  ;  5.  J.  rnolitaris,  Bigel. ;  *  6.  J.  stygius,  L.  ;  *  7.  J. 
biiJ7>7iii(s,  L.  ;  8.  Xiris  bulbosa,  Kunth. — a  tnily  American  species,  without  analogues  in  Europe ;  *  9.  Eleocharis 
palustris,  E.  Brown  ;  *  11.  Scirpies  ccEspitosus,  L.;  *  12.  S.  pungens,  Yahl. ;  13.  S.  Torreyi,  Oln. — scarcely  distin- 
guishable from  S.  mucronatus  of  Europe  ;  *14.  S.  lacustris,  L.  ;  *15.  Eriophorurn  alpinum,  L.  ;  *16.  E.  raginatum,  L. ; 

*  17.  E.  g)-acile,  Koch ;  *18.  Rhynchospora  alba,  Yahl.  ;  19.  R.  capillacea,  Torr. ;  20.  Cladium  mariscoides,  Torr. — 
very  near  C.  mariscus  of  Em-ope  ;  *21.  Carex  dioica,  L.  ;  *22.  C.  pauciflora,  Ligth.  ;  23.  C.  polytrichoides,  Muhl.  ; 

*  24.  C.  teretiusculo,  Good.  ;  *  25.  C.  pauiculata,  L.  ;  *  26.  C.  chordorhixa,  Ebrh.  ;  *  27.  C.  gracilis,  Ehrh. ; 
28.  C.  trisperma,  Der.  ;  *  29.  C.  stellulata.  Good. ;  *  30.  C.  limosa,  S.,  and  its  variety,  C.  irrigua,  Smith ; 
*31.  C.  BuxbauTni,\^&]A.;  *32.  C.  filiformis,  L. ;  33.  C.  lanuginosa,  Michx.,  scarcely  distinguishable  from  the 
former ;  34.  C.  folliculata,  L. ;  35.  Leersia  oryxoides,  Swarth ;  36.  L.  Virginica,  Willd. ;  37.  Glyceria  Canadensis, 
Trin.  ;  38.  G.  nervata,  Trim;  *  39.  G.  aquatica.  Smith;  *40.  G,  fluitans,  E.  Brown;  *41.  Pragmites  communis, 
Trhi. 

To  the  flora  we  would  have  to  add  the  Typhacece,  ^Typha  latifolia  and  *T.  angustifolia,  some  Sparganium 
(burr  reeds)  and  Potamogeton  (pond  weed),  species  identical  to  both  continents  ;  and  for  the  trees  :  Abies  alba, 
Michx. ;  Larix  Americana,  Michx.,  so  near  L.  Europea  that  it  only  differs  by  slender  and  shorter  leaves  ;  Taxodium 
distichum  growing  in  the  southern  swamps  ;  and  a  few  willows  and  other  dycotyledonous  plants,  of  which  the 
remains  are  not  presei-ved,  or  at  least  never  recognisable,  as  the  Utricularia,  of  which  the  species  are  also 
identical  in  Europe  and  in  America ;  Nymphcea  adorata,  Act.,  very  like  Nymphcea  alba  of  Europe  ;  *Nuphar  lutea, 
Smith  ;  Sarracenia  purpurea,  S.,  tmly  American  ;  *  Viola  palustris,  S. ;  *Drosere  rotundifolia,  S.  ;  *D.  longifolia,  S. ; 
'^Parnassia  palustres,  S.  ;  Janguisorba  Canadensis,  S.  ;  *Comarum  palustre,  S.  ;  *Vaccinium  oxicoccos,  S.  ;  V. 
macrocarpon,  Act.,  distingiiishable  from  the  former  only  by  the  fniit;  *Chiogenes  hispidula,  Torr.  Sq. ;  *  Andromeda 
polifolia,  S.  ;  '^Veronica  sartellata,  S. ;  ^Scutellaria  galericulata,  S.  ;  *Calla  palustris,  S. ;  ^Scheuchyeria  palustris,  S. 
There  is  only  a  very  great  difference  in  the  family  of  the  Orchideas,  of  which  the  American  peat-bogs  have  a  few 
very  beautiful  species  entirely  different  from  the  Em'opean.  But  this  family  is  the  most  polymorphous  in  its  distri- 
bution, and  cannot  by  itself  be  taken  for  a  general  comparison  of  a  flora.  The  trees  also  have  some  more  species 
which  cannot  be  compared ;  but  a  great  many  of  them,  the  birches  and  the  alders,  are  nearly  alike.  How,  then,  is 
it  possible  to  assert  that  two  floras  of  about  100  species,  which  have  more  than  seventy  entirely  identical  forms, 
and  ten  or  fifteen  more  veiy  nearly  alike,  are  altogether  of  a  different  type  f  We  must  necessarily  adopt  a  contrary 
conclusion.  The  type  of  the  flora  of  the  peat-bogs  is  everj'where  the  same  ;  and  if  we  had  time  to  pursue  our 
comparison,  we  would  prove  it  easily,  as  well  from  our  explorations  in  the  great  bogs  of  Southern  Virginia,  as  from 
the  observations  of  travellers  in  the  Australian  hemisphere. 

The  same  identity  of  t^-pe  is  altogether  evident  in  both  the  Palaeozoic  floras  of  America  and  of  Europe.  We 
remark  in  them  the  same  analogy  and  the  same  difference, — a  great  many  species  entuely  identical,  many  so 
related  that  then-  differences  are  pointed  out  only  vdth.  great  difficulty,  and  a  few  entirely  different.  This  will 
evidently  appear  in  the  examination  of  our  described  species  ;  and  we  are  necessarily  led  to  conclude — 

1.  That  at  the  time  of  the  coal-formation  the  floras  of  both  continents  had  the  same  analogy  and  the  same 
difference  that  they  have  now. 

2.  That  both  continents  were,  as  they  are  now,  separated  and  distinct. 

3.  That  both  were  respectively  under  the  same  atmospherical  influences. 

4.  That  nothing  can  authorise  us  to  admit  these  atmospherical  influences  as  very  different  from  what  they 
are  now. 

This  last  assertion,  so  far  different  from  the  conclusions  of  other  celebrated  geologists,  necessarily  needs  some 
explanations. 

It  has  been  long  asserted,  as  we  have  already  said,  that  the  peat-bog  formation  belongs  particularly  to  cold 
climates,  and  tliat  the  preservation  of  the  woody  matter  is  essentially  due  to  low  temperature.  Our  researches 
in  Europe  on  this  subject  have  aheady  proved  that  this  is  not  the  case,  and  that  the  area  of  the  peat-bogs  occupies 
exactly  the  same  latitudes  as  that  of  the  oldest  coal-formations.-f*  And  since  we  have  been  enabled  to  pursue  the 
same  exploration  in  America,  we  have  found  on  this  continent  exactly  the  same  distribution.  For  in  this  coimtry 
the  peat-bogs  are  found  from  far  above  the  northern  shores  of  Lake  Superior,  as  high  as  60°  of  latitude,  to  the 
great  Dismal  Swamp  in  South  Yfrgiuia  35°, — exactly  in  the  same  latitudes  as  are  occupied  by  the  great  coal- 

*  Moreover,  the  species  of  the  ferns  and  Sycopodes  of  America  have  in  general  the  greatest  likeness  to  those  of  Evirope. 
t  Vide  Hecherches  sur  les  Marais  tourheux  en  geniral. 
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basins  of  America.  We  have  made  on  this  subject  very  long  researches,  and  we  have  never  obtained  specimens 
of  a  true  coal  in  the  Northern  hemisphere  from  Southern  latitudes.  The  beds  of  coal  mentioned  in  Texas  and 
the  coal  of  Brazil,  are  only  beds  of  lignite  ;  a  formation  entirely  different  from  that  of  the  coal,  independent  of  any 
peculiar  formation,  and  so  without  any  geological  interest. 

But  those  immense  trunks  of  trees,  perhaps  of  fem^  trees,  to  which  we  find  an  affinity  only  in  the  tropical 
regions,  how  is  it  possible  to  account  for  their  vegetation  in  our  latitude,  if  we  do  not  admit  of  a  great  change 
of  temperatrrre  ?  1.  In  the  peat-bogs  of  Northern  countries,  of  Denmark,  Sweden,  and  also  in  Switzerland,  we  find 
sometimes,  heaped  iti  very  thick  strata,  much"  larger  trunks  of  trees  than  those  which  have  been  fomid  in  the  coal. 
The  following  is  a  description  given,  in  184G,  of  a  peat-bog  which  we  visited  near  Waldsmarslund,  30  miles  above 
Copenhagen  :* — "  These  deposits  of  wood  are  a  true  forest  heaped  upon  another,  and  buried  in  the  peat,  which  in 
these  marshes  (of  Denmark)  are  found  everywhere  with  alternating  beds  of  the  same  si^ecies  of  trees.  At  the 
bottom,  upon  a  bed  of  peat  from  4  to  6  feet  thick,  are  pine-trees^  lyiiig  fl^t,  nearly  always  in  the  same  direction 
as  the  inclination  of  the  basin,  viz.  the  roots  against  the  borders.  These  pine-trees  are  ordinarily  from  6  to  10 
inches  in  diameter ;  they  have  their  slightest  branches  preserved,  and  are  imbedded  in  a  mass  of  their  own  leaves, 
cones,  mushrooms,  &c.,  of  which  the  form  is  not  at  all  altered.  Upon  these  pines  is  a  bed  of  black  peat  from  5  to 
6  feet  thick,  overlaid  by  a  forest  of  prostrated  white  birches.  Upon  the  birches  there  is  again  6  feet  of  less-decom- 
posed peat,  covered  with  enonuous  trunks  of  oaks,  which  have  no  less  than  3  feet  of  diameter,  and  of  which  the 
wood  is  so  well  preserved  that  it  is  sawed  on  the  place,  and  used  for  building-material.  The  matter  or  peat  in 
which  these  trees  are  buried  does  not  preserve  any  trace  of  the  leaves  of  these  oaks,  but  only  some  acorns.  It  is 
evident,  nevertheless,  that  they  have  grown  on  the  place  where  they  are  found,  being  preserved  in  their  integrity 
with  their  smallest  branches  and  their  bark.  These  trees  are  covered  by  from  6  to  8  feet  of  jjeat,  in  which,  or 
upon  which,  is  found  sometimes  a  foiurth  forest  of  trees,  and  this  time,  of  beech-trees,  the  same  trees  that  now  form 
the  forest  around. -j-  The  size  of  the  trunks  buried  in  the  peat-bogs  is,  as  is  easily  seen  from  the  above 
description,  in  favour  of  our  present  formations.  In  the  Dismal  Swamp  in  Virginia,  we  have  seen  in  the  peat 
trunks  of  Magnolia  measuring  more  than  100  feet,  without  great  diminution  in  their  diameter.  2.  The  trees  of 
the  coal,  which,  like  Lepidodendi-on,  Sigillaria,  and  Stigmaria,  are  ordinarily  ascribed  to  a  genus  of  plants  like 
the  ferns,  and  so  to  fern-trees,  were  not  true  ferns,  but  a  peculiar  species  of  plants,  of  which  we  have  no  living 
representatives,  and  of  wliich  the  nearest  relatives  are  the  Lycopodiacese,  a  genus  of  plants  of  which  the  largest 
species  known  are  living  in  the  beat-bogs  and  the  forests  of  our  Northern  hemisjihere.  The  true  fern-trees 
(Caulopteris)  are  very  scarce  in  the  coal ;  their  diameter  does  not  appear  to  be  large  ;  and  if  this  class  of  vegetables 
does  truly  belong  now  to  the  tropical  regions,  it  is  well  to  remember  that  they  are  especially  found  in  a  very  wet 
atmosphere,  either  on  the  small  islands  or  on  the  highest  mountains  of  Java,  either  on  large  marshes  or  on  the 
borders  of  shallow  and  muddy  lakes,  where  the  temperature  is  certainly  not  the  cause  of  their  presence.  3.  It  is 
generally  known  how  great  is  the  influence  of  the  dryness  of  the  atmosphere  on  its  temj^erature.  We  have  only 
to  compare  the  climate  of  the  evergreen  Ireland  with  that  of  the  central  part  of  Eurojje  under  the  same  latitude, 
to  ascertain  what  difference  this  atmospheric  agent  makes  on  the  vegetation.  The  best  proof  we  could  afibrd  of 
it  is  the  presence  of  large  trunks  of  oak-trees  at  the  bottom  of  the  peat-bogs  of  Switzerland,  in  valleys  many 
hundred  feet  above  the  oak  region,  and  consequently  where  now  there  are  only  some  forests  of  pines.  Since  the  clear- 
ing of  these  valleys,  and  the  draining  of  the  land,  the  climate  has  perhaps  not  become  colder,  generally  sj^eak- 
ing,  but  the  extremities  of  temperature  are  more  distant ;  colder  in  the  winter,  with  a  stronger  heat  in  the 
summer.  Every  one  knows,  that  it  is  precisely  the  degree  of  this  difference  wliich  regulates  the  vegetation  of  a 
coimtry." 

It  is,  then,  sufficient  to  give  \is  the  reason  of  the  difference  in  the  type  of  vegetation  between  the  coal  period 
and  our  own,  to  admit  that  the  continents  were  less  extended,  and  only  low  islands  entirely  covered  with  marshes. 

But  all  the  physical  phenomena  of  our  time  were  then  in  activity.  We  find  upon  the  red  shales  of  the 
Umbral  series  the  evident  marks  of  drops  of  rain  and  of  hail ;  the  cracks  also  caused  by  dryness  under  the  action 
of  the  sun  upon  the  mud.  We  have  in  the  small  horizontal  layers  of  the  coal,  of  which  the  thickness  scarcely 
attains  the  twelfth  part  of  an  inch,  the  proof  of  an  annual  decay,  and  of  an  annual  heaping  of  the  plants  exactly  as 
we  find  it  in  the  peat.  W^hat  more  is  wanted  to  authorise  the  conclusion,  that  our  world  has  not  changed  its 
course  since  the  formation  of  the  coal — that  the  hypotheses  of  a  displacement  of  the  axis  of  the  earth,  of  great 
and  sudden  commotion,  of  extraordinary  temperature,  of  nebulous  atmosphere,  and  the  like,  have  not  any  basis  on 
known  facts  ?  Our  human  race  is  young,  but  the  world  lived  long  before  it,  and  has  not  changed  its  revolutions 
expressly  for  our  purpose.  Truly  nature  has  prepared  our  home.  It  has  heaped,  for  the  futme  welfare  of  our 
race,  those  inexhaustible  beds  of  combustibles  that  afford  us  so  much  comfort ;  but  it  has  done  this  without  any 
miracle,  without  any  of  those  sudden  transitions  which  we  are  so  prone  to  discover  for  the  satisfaction  of  our  own 
pride. 

As  it  is,  nevertheless,  this  coal-formation  is  an  admirable  one  ;  and  we  can  look  to  it  only  with  wonder  and 
with  faith  to  an  overruling  and  provident  Director.    For  this  heaping  of  combustible  matter  was  by  itself  nothing 

*  Vide  Explorations  dans  le  Nord  de  V Europe,  pour  V etude  des  Dep6ts  de  Combustibles  mineraux.  Leo  Lesqueeeux  ;  Neuchatel,  18-16  ; 
p.  68. 

+  It  is  well  to  remember  that  in  Europe  the  forests  have  not  so  many  species  of  trees  as  in  America,  and  are  ordinarily  composed  of  a 
single  species,  or  seldom  of  two  or  three. 
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but  a  useless  proceeding.  The  bed  to  put  it  in  was  to  be  prepared,  a  long  time  in  advance,  by  a  thick  layer  of 
clay,  to  prevent  the  egress  and  the  dispersion  of  the  bitumen  after  its  separation  fi-om  the  woody  matter.  It 
required  also  an  impermeable  covering  to  prevent  too  strong  an  action  of  the  oxygen,  and  the  mingling  of  sand 
and  other  strange  matters,  which  would  have  entirely  changed  its  combustible  property.  This,  as  well  as  the 
formation  of  iron,  which  is  also  ordinarily  in  progress  with  the  formation  of  the  peat-bogs,  has  been  obtained  by 
the  simplest  laws  and  the  slow  progress  of  nature.  The  places  where  these  formations  were  progressing  have 
been  subjected  to  some  slow  and  periodical  vipheavals  and  depressions,  which  are  remarked  even  at  our  time  on  the 
sea-shores  of  some  countries — of  Holland  and  of  Sweden.  By  these  slow  depressions,  the  water,  saturated  with 
iron,  has  first  covered  the  beds  of  combustible  matter,  and  deposited  these  particles  for  the  formation  of  the  shales; 
a  greater  depression  has  given  access  to  a  strong  current  of  water,  which  has  heaped  the  sand  upon  the  shales, 
and  so,  by  a  repetition  of  the  movement,  the  woody  matter  has  been  formed,  then  enclosed,  then  heaped  in 
different  beds  one  upon  another ;  preserved  from  decomposition,  or  from  the  influence  of  the  atmosphere ;  trans- 
formed into  coal  by  the  slow  disengagement  of  the  gas,  and  the  high  temperature  of  the  earth.* 

To  close  the  few  observations  that  we  are  entitled  to  make  here,  it  is  necessary  to  give  an  explanation  of 
some  local  phenomena,  of  wliich  the  causes  are  still  in  discussion. 

The  apjsearance  of  the  trunks  preserved  in  the  coal-shales  and  in  the  sandstone  is  very  diflferent.  In  the 
sandstone  the  trees  have  left  an  impression  of  their  whole  external  surface  in  its  primitive  form ;  but  they  have 
not  left  anything  else  except  this  impression,  and  the  whole  primitive  substance  has  been  destro^-ed,  or  trans- 
formed either  into  silex  or  into  hmestone.  In  the  shales,  on  the  contrary,  and  immediately  above  the  coal,  the  woody 
matter  of  the  trees  is  preserved,  transfoimed  into  coal ;  but  the  primitive  form  is  entirely  changed,  the  trees 
having  been  flattened,  and  having  left  only  the  impression  of  this  flattened  surface,  as  if  the  bark  alone  had  been 
preserved  and  pressed  together.  We  have  seen  that  the  wood  exposed  to  the  action  of  the  oxygen  of  the  air 
is  slowly  but  entirely  rotted  and  destroyed.  The  air,  having  access  through  the  particles  of  sand,  produces  by- 
and-by  this  result  on  all  the  wood  buried  in  it.  Nevertheless  the  sand  around  the  wood  is  by-and-by  hardened, 
and  the  stony  substances  —  either  sand,  or  carbonate  of  lime,  or  silex  —  penetrate  all  the  destroyed  part  of 
the  wood  in  such  a  manner,  that,  following  the  circumstance,  the  vegetable  is  mouldered  into  some  of  these 
substances.  At  Carbondale  and  Greensburg  the  trees  in  the  sandstone  are  transformed  into  sandstone,  and  their 
tissues  entirely  destroyed.  At  Gallipolis  and  Athens  they  are  silicified  or  transformed  into  limestone,  and  the  sUex 
only  has  preserved  the  form  of  the  vessels  of  the  wood.  We  cannot  give  any  explanation  of  the  petrification  of 
organic  substances ;  it  is  still  an  unexplained  mystery.  Who  could  tell  how  it  happens  that,  in  the  same  bed  of 
sandstone,  and  exactly  in  contact  with  each  otliei-,  we  find,  as  at  GallipoKs,  two  trees,  one  of  wliich  is  transformed 
into  limestone,  the  otlier  crystallised,  or  entirely  siUcified  ?  We  have  seen  also  that  wlien  tlie  action  of  the  oxygen 
of  the  atmosphere  is  nearly  prevented,  the  woody  matter  is  slowly  burned  into  coal.  This  proceeding  does  not 
come  to  its  end  without  a  great  many  changes.  One  of  these  modifications  is  the  transformation  of  the  woody 
matter  into  a  soft  black  mud,  most  easily  flattened  by  the  compression  of  the  superior  strata.  Sometimes,  when 
water  is  abundant,  this  black  mud  becomes  nearly  fluid ;  and  as  the  bark  of  the  trees  is  preserved  by  its  tannin, 
it  is  not  only  flattened,  but  folded  into  a  very  thin  space.  We  have  seen  some  beautiful  illustrations  of  these 
changes  in  Germany  and  Denmark.  Near  Leipsic  there  is  a  bed  of  lignite,  formed  of  large  trunks  heaped  about 
15  feet  thick.  The  matter  is  entirely  soft,  and  all  the  trunks  flattened,  measxuiug  in  one  direction  scarcely  half 
the  diameter  that  they  have  crosswise.  It  is  also  entirely  black,  and  yields  an  excellent  fuel.  It  is  extracted 
with  shovels,  like  the  peat,  after  its  surface  has  been  laid  bare,  from  20  feet  of  sand  and  gravel  lying  upon  it.  In 
Denmark,  about  20  miles  below  Copenhagen,  near  the  sea-shore,  there  is  an  extensive  plain  covered  with  the 
finest  grass,  and  affording  excellent  pasture  to  large  herds  of  cattle.  By  digging  there  they  find,  imder  1  foot  of 
humus,  a  bed  of  peat  entirely  composed  of  bark  of  birches.  This  bark  is  heaped  6  feet  thick,  and  closely 
packed  and  flattened.  It  is  first  dug  or  cut  out,  and  dried  in  long  rollers,  entirely  void  of  earthy  matter.  The 
woody  matter,  nearly  fluid,  or  transformed  into  a  very  soft  yellow  mud,  is  at  the  bottom  of  these  beds,  and  is  then 
taken  out  of  the  excavations  with  buckets,  then  put  on  layers  of  straw,  through  which  tlie  water  percolates ;  and 
when  thickened,  it  is  beaten  hard,  dried,  and  burnt  like  coal. 

It  happens  sometimes,  as  we  have  seen  at  Carbondale,  that  standing  petrified  trees  are  found  in  the  sand- 
stone of  the  Coal-measures.  This  accident  is  easily  accounted  for,  as  soon  as  we  admit  it  only  in  the  sandstone 
or  in  the  shales  of  the  coal.  For  if  the  sand  carried  by  water  has  been  quickly  deposited  in  great  thickness,  all 
the  trees  growing  on  the  marshes  have  been  imbedded  in  it,  and  j^reserved  in  a  standing  position.  But  when 
this  occurrence  is  reported,  of  trees  having  their  roots  below  a  bed  of  coal,  crossing  the  coal,  and  penetrating  the 
sandstone  above,  we  can  but  pronounce  tliis  fact  an  imjiossibility,  for  it  is  against  the  laws  of  nature.  It  reqtiires 
very  little  acquaintance  with  botanical  physiology  to  understand  that  trees  can  never  grow  when  their  roots  are 
covered  with  standing  water,  or  with  a  stratum  of  matter  impenetrable  to  the  atmosphere.  Hence  it  happens  that 
all  the  trees — pines,  firs,  cedars,  willows,  &c. — living  on  a  marsh,  or  on  a  cedar  swamp,  have  their  roots  horizon- 
tally expanded,  and  as  near  the  surface  as  possible.  Hence  also  the  necessity  for  the  coal  trees  being  sup- 
ported by  such  creeping  roots  as  the  Stigmario}.  When  a  tree  is  covered  by  a  bed  of  decayed  woody  matter  and 
by  water,  it  soon  dies,  and  rots  immediately  above  the  water,  where  the  humidity  and  the  oxygen  of  the  atmos- 
phere have  free  access.    From  this  cause,  all  the  trees  decaying  or  dead  on  the  peat-bogs  are  very  soon  prostrated. 

*  Liebig  has  given  the  history  of  the  chemical  process  of  the  formation  of  coal  in  Tils  Chemical  Physiology. 
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It  is  also,  we  think,  a  very  false  idea  of  the  growth  of  the  vegetable  matter  of  the  coal-beds,  to  believe  that  a 

tree,  even  in  the  most  favourable  conditions,  could  stand  as  long  a  time  as  it  was  needed  for  the  formation  of 

even  a  thin  bed  of  coal.  It  is  not  a  century,  but  thousands  of  years,  that  have  been  required  to  heap  a  bed  of  coal 

of  a  few  feet  of  thickness.    In  the  bituminous  coal  of  Ohio  the  aimual  growth  of  the  coal  is  well  marked  by  the 

thin  layers,  which  are  about  l-12th  of  an  inch  in  tliickness  :  so,  such  beds  of  coal  as  the  Pittsburg  Seam  would 

have  required  for  their  formation  a  period  of  time  of  about  1500  years. 

A  peculiar  phenomenon  has  been  observed  in  England,  and  may  also  attract  the  observation  of  the  naturalists 

of  America.    Sometimes,  in  the  internal  part  of  the  petrified  trees  of  the  Coal-measures,  one  finds  an  abundance 

of  fraits  and  leaves  of  the  same  species — viz.  Lepidoslrobi — in  the  trunks  of  Lepidodendra.  We  have  had  a  striking 

explanation  of  this  in  our  last  visit  to  the  Dismal  Swamp,  on  the  shores  of  Drummond  Lake.    We  went  there  to 

compare  the  formation  of  the  peat  in  its  Southern  latitude,  and  found  it  entirely  identical  with  the  same  formation 

in  the  cedar  swamps  of  the  North.    The  only  difference  consists  in  other  species  of  sphagna,  and  other  sj^ecies  of 

trees,  and  in  the  undergrowth  of  canes,  which  form  there  an  impenetrable  thicket.    In  the  middle  of  tliis  marsh 

there  has  been  a  depression  filled  with  water,  and  which  has  formed  Drummond  Lake.     Its  depth  is  about 

15  feet  only,  and  its  bottom  is  covered  with  prostrated  trees — a  fact  that  proves  that  it  has  been  formed  by 

depression  of  a  surface  primitively  extending  over  a  sheet  of  water,  and  covering  it.    This  formation  is  of  very 

frequent  occurrence  in  the  North  of  Europe  and  of  America.    Around  the  lake  grows  the  bald  cypress  [Taxodium 

distichim),  and  sometimes  the  trees  are  half-covered  with  water,  and  decaying  in  such  a  manner  that  their  standing 

trunks  are  entirely  hollow.    The  fruits  and  leaves  of  the  trees  around,  falling  into  the  water  of  the  lake,  and 

drifted  here  and  there,  are  arrested  by  the  hollows  of  these  trees,  and  fill  them  almost  entirely.    If  these  trees 

were  imbedded  in  sand,  and  by-and-by  petrified,  they  would  exhibit  exactly  a  repetition  of  the  phenomenon 

alluded  to,  of  fruits  and  leaves  found  in  the  trunks  of  tlieir  own  trees.    There  are  many  other  similar  phenomena 

of  the  Coal-measures,  which  would  find  an  easy  explanation  from  detailed  description  of  the  formation  of  our 

actual  peat-bogs.    But  we  have  already  exceeded  the  limits  assigned  to  us  in  this  paper,  and  shall  refer  for 

further  details  to  the  books  mentioned  above.*  t  t 

Leo  Lesquereux. 

DESCRIPTION  OF  THE  FOSSIL  PLANTS  FOUND  IN  THE  ANTHRACITIC  AND  BITUMINOUS 

COAL-MEASURES  OF  PENNSYLVANIA. 

BY  LEO  LESQUEREUX. 

Among  the  plants  here  described,  only  a  very  small  number  have  been  found  beyond  the  limits  of  Penn- 
sylvania. They  are  mentioned  for  the  peculiar  interest  they  present,  either  in  their  form,  or  in  their  geological 
position.  The  greater  number  of  these  fossils  were  collected  by  ourselves.  A  few  of  them,  nevertheless,  were 
studied  in  the  rich  and  beautiful  cabinets  of  Mr  Clarkson  at  Carbondale,  and  the  Rev.  W.  Moore  of  Greensbm-g. 
Both  these  gentlemen  gave  us,  with  the  greatest  kindness,  the  liberty  of  copying  and  describing  all  the  new 
plants  in  their  possession.  With  great  pleasure  we  take  this  opportunity  of  returning  them  our  thanks.  Though 
there  is  much  to  say  upon  the  classification  of  fossil  plants,  we  are  not  at  liberty,  in  such  a  work  as  this,  to  enter 
into  long  scientific  discussions  upon  the  value  of  the  genera  as  they  are  now  established.  We  have  followed  the 
classification  adopted  by  the  best  European  authors,  especially  by  Brongniart.  Nevertheless,  as  no  general 
description  of  these  fossil  plants  of  America  has  appeared  till  now,  and  as  many  of  our  natru-alists  may  look  to 
this  enumeration  for  a  direction  of  their  researches,  we  have  thought  it  necessary  to  append  some  general  remarks 
as  often  as  our  views  do  not  correspond  with  the  opinions  of  the  high  authorities  mentioned. 

First  Class. — Funginece. 

Except  Polyporites  Bowmamii,  Lindl.,  no  discernible  trace  of  any  kind  of  mushroom  has  been  found  in  the 
coal.  Very  often  the  stems  of  the  ferns  are  covered  with  elevated  points  of  different  size,  which  closely  resemble 
the  small  Thyponilecc  of  our  time,  especially  the  Spherice.  But  it  is  not  possible  to  ascertain  if  such  marks  left  on 
the  stems  have  anything  organic  in  their  nature,  or  are  only  accidental.  That  they  are  very  often  produced  by  acci- 
dent, is  proved  by  their  presence  on  different  plants,  and  on  different  parts  of  the  vegetables — even  on  some  slates, 
where  there  is  not  any  trace  of  vegetable  impressions.  The  points  are  especially  observable  in  the  coal-basin 
of  Trevorton,  where  coal-slates — even  the  slates  which  do  not  appear  to  have  contained  any  bituminous  matter — 
are  full  of  vesicles,  from  the  size  of  a  needle's  head  to  the  size  of  a  pea.  They  are  filled  with  a  bromi  powder, 
which  to  the  naked  eye  has  exactly  the  same  appearance  as  the  spores  of  the  Spherice,  but  which,  when  looked 
at  with  a  strong  microscope,  does  not  present  any  trace  of  organisation.  It  is  only  a  very  inflammable  bituminous 
matter.  The  appearance  of  tliose  small  cells  may  sliow  the  operation  of  transformation  of  coal  to  anthracite.  In 
the  half-anthracite  coal,  the  ebullition  did  not  proceed  far  enough  to  accomplish  the  ejection  of  the  gas.  A  great 
part  of  the  vesicles  were  only  formed,  but  did  not  burst  before  the  cooling  of  the  matter;  hence,  perhaps, 
these  cells. 

As  for  Polyporites  Bowmanni,  we  have  found  it  exactly  as  described  by  Lindley,  and  cannot  but  admit  it  to 

*  Though  I  do  not  assent  to  some  of  the  theoretical  views  maintained  in  this  ingenious  Essa}',  nor  accept  some  of  the  statements,  as 
that  the  Palteozoic  coal-formation  does  not  extend  beyond  the  latitudes  embracing  the  existing  peat-bogs,  I  must  thank  the  autlior  for 
the  amount  of  accurate  and  curious  information  which  it  contains.  H.  D.  Roueks. 
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be  a  true  fungus.  It  is  easily  discernible  by  its  concentric  zones  or  lines,  and  its  surface  thickly  perforated 
with  small  points.  It  is,  however,  very  different  from  Carpolithes  umbonatus,  Sternb.,  to  which  M.  Brongniart  has 
compared  it. 

Second  Class. — Algce. 

After  a  careful  examination  of  all  the  specimens  reported  to  belong  to  this  class  of  plants,  we  do  not  find  a 
single  sea-weed  in  the  Coal-measures  of  Pennsylvania.  Many  species  of  Algce  are  found  below  the  coal,  espe- 
cially, in  the  Clinton  group,  M'here  they  are  accompanied  by  marine  shells — Brackiopodes,  Crino:'des,  and  some 
Acephales — but  in  higher  formations  they  by-and-by  disappear  altogether,  and  all  the  so-called  Fucoides  of  the 
Ponent  and  of  the  Vespertine  formations  are  either  roots  or  stems  of  other  plants.  Certainly  many  of  these  roots 
closely  resemble  those  of  Fucoides.  The  branches  are  short,  obtuse,  very  numerous,  mthout  order,  either  simple  or 
branching  again,  without  any  perceptible  diminution  in  their  thickness,  from  one  end  to  the  other.  But  we  find 
exactly  the  same  appearance  at  present  in  many  roots  dipping  in  water,  where  they  extend  and  branch  in  every 
direction,  in  shape  sometimes  like  a  thick  bunch  of  twine.  The  best  proof  of  our  opinion  being  right  is,  that  we 
have  found  many  of  the  so-called  Fucoides  attached  to  the  stem.  We  have  made  drawings  of  the  most  interest- 
ing of  them  (see  Pinnularia,  Plate  XVII.),  only  to  show  how  carefully  we  have  to  proceed  in  the  study  of  these 
fossil  remains. 

The  same  may  be  said  about  some  thread-like,  hard,  shining  vegetable  remains  foimd  in  great  abundance 
on  the  slates  of  the  coal  around  Pottsville,  and  mentioned  also  as  occurring  in  the  coal-basins  of  England  and 
France.  They  were  supposed  to  belong  to  the  Conferves,  or  fresh-water  Fucoides;  bnt  besides  theur  tubular  form, 
there  is  nothing  to  sustain  this  supposition.  They  vary  in  thickness  from  a  hair's-breadth  to  one  sixteenth  of  an 
inch  in  diameter,  and  appear  ordinarily  piled  one  upon  another,  without  any  general  order.  As  they  are  never 
flattened,  and  do  not  present  any  trace  of  articulation  or  of  ramification,  it  is  not  possible  to  compare  them  with 
the  Conferves,  these  being  very  weak  and  brittle  plants,  of  which  there  could  not  exist  any  trace  in  the  vicinity  of 
the  coal  where  the  materials  were  for  a  long  time  exposed  to  decomposition.  They  are  found  sometimes  even  in 
the  coal  itself.  They  are  without  doubt  the  true  roots  or  fibrous  appendages  attached  either  to  the  subterraneous 
or  creeping  stems  of  the  ferns,  and  generally  named  Rootstocks.  Their  description  belongs  to  the  genus  Pinnularia 
(which  see).  Fucoides  dentatus  and  Fucoides  serra  (Brongt.,  Hist,  des  Veg.  Foss.,  p.  70,  t  6,  fig.  9),  found  in 
the  older  Palaeozoic  limestone  of  Canada,  evidently  belong  to  the  genus  Graptolites,  and  so  are  out  of  the  vegetable 
kingdom.  We  have  found  a  single  specimen  of  these  fossils  in  the  greenish  sandstone  of  the  Ponent  rocks  near 
Trevorton.  But  they  have  been  found  in  great  abundance  in  the  State  of  New  York,  and  have  been  closely 
described  by  Professor  Hall  in  his  Geological  Rej^ort. 

The  only  true  Fucoides  that  we  have  to  describe  belong  to  the  following  genus : — 

I.  Chondrites,  Sternb. — Frond  cartilaginous,  thread-form,  dichotomous ;  branches  cylindrical,  but  flattened 
in  the  impressions. 

1.  Chondrites  antiquus,  Sternb.;  Buthotrephis?  flexuosa,'RsX\  [Paleont.  of  New  York).  —  Frond  bipinnately 
forking;  branches  and  branchlets  diverging,  inflated  at  the  forks,  branchlets  linear,  obtuse.  Very  abundant  in  the 
Surgent  group  at  Bloomsburg,  and  at  the  base  of  the  Alleghany  Mountain,  below  Portage  Summit. 

2.  Chondrites  Fargionis,  Sternb.,  Vers.  II.,  p.  25. — Frond  bipinnately  branching;  branches  elongated,  linear, 
obtuse,  entire  or  scarcely  branching.  Var.  a,  fastigiatus ;  frond  straight,  erect,  irregularly  pinnately  divided  ; 
branches  linear,  simple,  or  branching.  Var.  /3,  divaricatus;  frond  irregularly  pinnate ;  branches  diverging,  unequal. 
Var.  7,  confertus;  frond  erect,  densely  pinnately  branching;  branches  filiform,  unequal. — Brongt,  Hist,  des  Veg. 
Foss.,  i.  p.  56.    Same  locality  as  the  first. 

This  plant,  as  described  by  Sternberg  and  Brongniart,  was  found  at  different  places  in  the  cretaceous  forma- 
tions of  Europe.  Such  a  difference  in  the  stations  would  lead  us  to  suppose  that  our  American  plant  is  a  chflerent 
one.  Nevertheless,  as  we  find  not  only  the  typical  form,  but  also  the  varieties  as  they  are  figured  and  described, 
we  are  not  at  libei-ty  to  change  the  name,  and  to  admit  it  as  a  new  plant.  We  have  figured  our  specimens  to  give 
oppoi-tunity  for  a  close  comparison  (Plate  XVII.,  figs.  13,  14,  15,  16,  17). 

II.  Fucoides,  Harlan. — We  cannot  point  out  any  characteristic  marks  to  describe  this  genus.  It  has  been 
preserved  for  the  classification  of  some  organic  remains  of  which  the  indefinite  forms  do  not  clearly  indicate  an 
affinity  with  any  known  genus  of  sea-weeds.  The  two  American  species  generally  admitted  in  this  genus  have 
more  the  general  appearance  of  some  corals  than  that  of  Fucoides.  We  had  an  opportunit}-  of  studying  them  in 
great  number,  and  in  as  good  a  state  of  preservation  as  it  is  possible  to  find  them.  They  are  very  numerous  in 
the  sandstone  of  the  Levant  white  sandstone  series  of  the  Juniata  River,  below  Lewistown  and  above  Huntingdon, 
where  they  cover  some  rocks  of  veiy  large  size.  Ordinarily  palmately  branching,  their  branches,  1  to  3  inches 
in  thickness,  are  transversely  undulated,  cylindrical,  or  nearly  square,  and  incurved  on  one  side  like  a  half-closed 
hand.  As  their  substance  is  completely  transformed  into  coarse  sandstone,  their  form  is  generally  obscure,  and  it 
is  not  possible  to  ascertain  their  true  nature. 

Though  we  do  not  admit  these  Fucoides  as  vegetable  remains,  we  give  the  description  of  the  two  species  as 
indicated  by  Harlan. 

1.  Fucoides  Alleghaniensis,  Harl.,  Medic.  Physic.  Res.,  p.  392. — Frond  compressed,  wrinkled,  recurved,  obtuse  ; 
branches  unequal,  digitate  or  fastigiate,  without  nerves,  canaliculate  in  the  middle. 
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2.  F.  Brongniarti,  Harl. — Frond  large ;  branches  nearly  square,  wrinkled  across,  compressed,  and  recurved. 
Probably  this  species  is  only  a  variety  of  the  first. 

Third  Class. — Musettes. 

In  the  introduction  to  this  memoir,  we  mentioned  our  views  about  the  distribution  of  the  plants  of  this  class, 
their  mode  of  growing,  and  their  participation  in  the  present  formation  of  the  mineral  combustibles.  We  can 
neither  describe  nor  indicate  a  single  species  of  moss  found  in  the  coal ;  but  nevertheless  we  think  that  those 
plants  were  li\4ng  with  the  ferns  at  the  time  of  the  coal-formation,  and  that  we  have  found  specimens  belonging 
to  the  genus  Sphagnum.  They  are  in  thin,  yellow,  very  light  slates,  from  the  roof  of  the  Gate  Vein  at  Pottsville, 
looking  exactly  like  pasteboard,  entirely  covered  with  faintly  discernible,  very  small  impressions,  and  crossed 
in  every  direction  by  flattened  thread-like  stems.  The  peat  formed  by  the  decomposition  of  the  Sphagnum 
presents  exactly  the  same  appearance. 

Fourth  Class. — Calamarice. 

The  plants  of  this  class,  though  found  in  great  abundance  in  the  Coal-measures,  present  a  great  difficulty 
in  their  examination ;  not  only  because  they  are  always  found  in  broken  fragments,  but  because  these  fragments 
have  never  hitherto  been  found  in  such  a  state  of  preservation  that  tlieir  internal  structure  can  be  closely 
observed.  These  fragments  also,  though  often  belonging  to  the  same  species,  present  the  greatest  difl'erence  in 
their  forms.  We  shall  unite  in  this  class,  as  M.  Unger  did,  the  Calamites,  Equisetites,  Wolkmannia,  Asterophi/Uites, 
Sphenophi/Uum,  and  Annularia,  without  being  certain,  either  that  this  place  is  the  true  one  to  which  they  belong, 
or  that  all  the  genera  above  mentioned  belong  to  the  same  class. 

That  the  Asterophyllites,  as  Messrs  Lindley  and  Hutton  supposed,  are  the  branches  of  some  species  of 
Calamites,  appears  without  a  doubt.  The  external  form,  the  leaves,  tlie  mode  of  branching,  and  tlie  fmctification, 
are  perfectly  visible  in  the  small  branches  [vide  Plate  I.,  fig.  1,  la,  2,  3),  and  may  be  sometimes  followed  in  larger 
specimens.  But  these  plants  did  not  bear  leaves,  fruit,  and  branches,  except  when  they  began  unfolding,  or  at 
their  summits.  Branches  and  leaves  falling  easily,  the  stumps  were  left  entirely  naked  except  at  their  summits, 
and,  growing  up,  they  enlarged  themselves  with  the  scars  of  the  branches,  and  of  the  fruit,  as  is  the  case  in 
indigenous  plants.  They  may  be  compared  in  their  mode  of  growing  to  some  kinds  of  canes  or  bamboo.  They 
were  probably  annual  stems,  with  a  very  rapid  growth ;  they  became  very  high — from  30  to  60  feet — but  not  very 
broad,  from  3  to  6  inches  in  diameter — and  could  consequently  stand  very  near  each  other,  and  give,  by  their 
annual  decay,  a  very  large  amount  of  material  for  the  coal. 

We  have  said  that  their  place  in  the  series  of  plants  is  undetermined.  By  their  external  form,  they  are 
evidently  near  the  Equisetacece ;  but  the  fructification  would  indicate,  as  M.  Brongniart  has  thought,  that  they 
belong  to  some  kind  of  conifers  related  to  the  genus  Tanus  or  Yew.  As  is  apparent  in  our  figure  (Plate  I., 
figs.  1,  2,  4),  these  plants  were  either  digecious  or  monjecious.  The  male  flowers  were  terminal,  and  composed 
of  an  ear  of  appressed  scales  or  united  leaves,  enclosing  or  supporting  above  them,  small  round  cells,  containing 
a  pulverulent  matter,  probably  the  pollen  (Brongniart,  Tableau,  p.  49).  The  true  fruits — small,  round,  or  obovate 
capsules — were  bom  around  the  stems  on  the  axils  of  the  leaves,  as  indicated  (Plate  I.,  figs.  1,  2),  and,  by 
falling  off",  they  left  the  scars  ordinarily  apparent  around  the  stems  of  the  calamites  on  the  articulations — an 
organisation  which  is  truly  like  that  of  some  conifers. 

Annularia  and  Sphenophyllim  certainly  belong  to  plants  of  quite  another  mode  of  growth.  By  the  disposition 
of  their  leaves,  which  are  always  seen  on  a  horizontal  plane,  they  appear  to  have  lived  either  on  the  water  or  on 
the  mud,  like  our  Ayolla  Caroliniana,  or  more  like  the  Callitriehe,  branching  from  the  axil  of  the  leaves,  and  extend- 
ing in  every  direction.  They  have  been  compared  to  a  phanogamous  jolant,  the  Gallium,  but  without  any  reason 
at  all.  The  fructification  of  the  Sphenophyllum  much  resembles  that  of  the  Asterophyllites,  the  ears  only  being 
smaller.  It  has  been  examined  and  described  by  M.  Gutbier ;  but  it  is  questionable  if  the  ears  represent  the  true 
fruit,  or  only  the  male  flowers  of  these  plants.  The  fmctification  of  the  Annularia  has  ncA^er  been  observed,  but 
we  think  that  it  is  attached  under  and  around  the  leaves,  as  in  the  ferns.  In  the  specimen  represented,  Plate  I., 
fig.  5,  the  leaves  are  emarginate,  slightly  revolute  on  the  margins,  and  perhaps  this  form  is  the  fertUe  frond ;  the 
sterile  one,  with  flat  and  pointed  leaves,  being  figm-ed  in  Fig.  5,  a. 

Many  authors  have  supposed  that  Asterophyllites  were  the  same  plants  as  Sphenophyllum,  floating  partly 
immersed  in  water,  becoming  Sphenophyllum  and  enlarging  the  leaves  when  coming  out  of  the  liquid  element. 
We  cannot  admit  this  opinion  ;  but  nevertheless  we  believe  that  Sphenophyllum,  Uke  all  the  plants  which  are  living 
in  water,  have  had  different  modifications  of  their  leaves,  without  losing  their  general  appearance.  Our  Spheno- 
phyllum trijoliatum,  Plate  I.,  Fig.  7,  is  probably  one  of  those  abnormal  forms  which  approach  to  an  Asterophyllites. 

I. — Calamites,  Suck. 

Stems  cylindrical,  furrowed  lengthwise,  articulated,  furrows  either  alternating  or  converging  at  the  arti- 
culations ;  leaves  encii  cling  the  stem  like  an  open  sheath ;  ramification  either  regular  or  irregular  from  the  arti- 
culation scars  of  tubercles?  marked  above  or  below  the  point  of  attachment  of  the  leaves. 

1.  Calamites  decoratus,  Brongt.,  Hist,  des  Veg.  Foss.,  vol.  i.  p.  123,  t.  14,  Fig.  1-5. — Stem  cylindrical ;  articu- 
VOL.  II.  5  p 
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lations  distant  above  (1  to  2  inches) ;  approached  below ;  ribs  convex  and  thick  ;  tubercles  globose.  South 
Salem  coal,  PottsviUe. 

2.  Calamite^i  Suckovii,  Brongt.,  Hist,  des  Veg.  Foss.,  vol.  i.  p.  124,  t.  15,  Figs.  1-6. — Stem  cylindrical,  thick ; 
articulations  variable  in  length ;  ribs  one-eighth  of  an  inch  broad,  either  convex,  obtuse,  or  reeled ;  tubercles 
small  ovate.  Of  this  species  we  have  two  varieties :  Var.  A  has  the  articulations  distant,  and  the  tubercles 
round.  It  is  very  abundant  around  Carbondale,  where  it  forms  a  true  forest  of  standing  Calamites  ;  the  diameter 
of  the  stumps  varies  from  3  to  4  inches.  Var.  B  has  the  ribs  nearly  plane,  and  the  tubercles  placed  below  and 
above  the  articulations.    We  found  one  specimen  at  the  Gate  Vein  of  Pottsville. 

3.  Calamites  rainosus,  Brongt.,  Hist,  des  Veg.  Foss.,  vol.  i.  p.  127,  t.  17,  Figs.  5,  6. — Stems  cylindrical,  with 
distant  articulations,  bearing  a  half-spherical  tumour  at  the  base  of  solitary  branches,  with  a  hemispherical  cavity 
on  the  articulation  ;  ribs  plane,  one-eighth  of  an  inch  broad.    Gate  Vein  at  Pottsville  in  coal-slate. 

4.  Calamites  cruciatus,  Sternb.,  Vers.  1-4,  p.  27,  tab.  49,  Fig.  5. — Stem  cylindrical,  with  the  articulations  at 
the  same  distance,  and  a  little  convex ;  ribs  plane  and  narrow ;  scars  of  branches  on  the  articulations,  either  alone 
or  verticulate  ;  hemispherical,  concave.    Same  locality  as  above. 

5.  Calamites  undulatus,  Brongt.,  Hist,  des  Veg.  Foss.,  vol.  i.  p.  127,  t.  17,  Fig.  1. — Stem  cylindrical,  with 
distant  articulations  and  plain  flexuous  broad  ribs  alternating  in  the  articulations.  A  single  specimen  was  found 
at  the  South  Salem  Vein,  near  Pottsville,  in  the  coal-slate. 

6.  Calamites  Cistii,  Brongt.,  Hist,  des  Veg.  Foss.,  vol.  i.  p.  129,  t.  20. — Stem  thick,  cylindrical,  w^th  arti- 
culations at  the  same  distance ;  furrows  very  narrow ;  ribs  half-round ;  tubercles  globose.  This  species  has 
been  found  at  Wilkesbarre,  and  has  been  described  by  Brongniart,  fi-om  a  specimen  sent  to  him ;  but  we  did  not 
see  this  species  anywhere,  and  all  the  specimens  that  we  have  seen  around  Wilkesbarre  and  Carbondale  belong 
to  Calamites  Suckovii. 

7.  Calamites  dubius — Artis  Antedil.  Phitol.,  Fig.  13. — Stem  cylindrical,  with  distant  articulations ;  ribs  parallel, 
about  1  line  broad ;  furrows  bistriate  ;  tubercles  ovate. 

We  refer  to  this  species  our  No.  405  from  Gate  Vein,  Pottsville,  because  of  the  bistriate  furrows;  but  though 
our  specimen  is  more  than  half  a  foot  long,  it  has  not  any  visible  articulation.  Perhaps  it  may  belong  to  Calamites 
remotissimus,  an  undescribed  species  of  Goppert. 

8.  Calamites  Cannceformis,  Brongt.,  Hist,  des  Veg.  Foss.,  vol.  i.  p.  131,  tab.  21,  Fig.  4. — Stem  inflated  above; 
upper  articulations  2  to  3  inches  distant,  the  lower  ones  scarcely  1  inch  apart ;  ribs  plane,  slightly  convex,  a 
little  flexuous,  converging  at  the  articulations. 

Specimens  of  this  species  are  in  the  collection  of  Mr  Clarkson  at  Carbondale. 

9.  Calamites  jmchyderma,  Brongt.,  Hist,  des  Veg.  Foss.  vol.  1,  p.  132,  t.  22. — Stem  thick,  with  distant  cylin- 
drical articulations  ;  ribs  very  broad,  nearly  plane,  or  slightly  convex,  unequal ;  tubercles  obsolete. 

The  specimens  referred  to  this  species  were  found  in  the  Conglomerates  below  the  coal  at  Trevorton,  and 
are  not  in  as  good  a  state  of  preservation  as  is  wanted  for  an  accurate  determination.  They  agree  at  least  in  the 
broad  nearly  flattened  ribs ;  but  the  articulations  are  very  obsolete.  This  species  is  very  large.  We  have 
seen,  imbedded  in  the  conglomerate  sandstone,  many  of  them  nearly  one  foot  broad. 

10.  Calamites  bistriatus,  Lesq. — PI.  II.,  f.  1. — Stems  3  inches  broad,  cylindrical;  articulations  equal,  about  2 
inches  distant ;  ribs  broad,  nearly  plane,  narrowly  ribbed  again,  converging  at  the  articidations ;  tubercles  very 
small  and  obsolete,  inverted  on  the  articulations. 

A  single  specimen  of  this  fine  species  was  found  at  the  Gate  Vein,  New  Philadelphia.  It  is  well  marked  by 
its  striated  ribs.    These  striae  are  visible  only  on  the  barked  part  of  the  stem,  the  bark  itself  being  nearly  smooth. 

11.  Calamites  disjunctus,  Lesq.;  PI.  II.,  f.  5. — Stem  cylindiical;  articulations  distant  about  2  inches,  inflated 
and  separated  by  a  depressed  furrow ;  ribs  elevated,  half  cyliiuhical,  exactly'  parallel,  naiTOw  surface,  covered 
with  very  small  elevated  points  which  look  like  a  powder ;  tubercles  very  small,  round.  This  is  also  a  very 
distinct  species  ;  found  at  the  Gate  Vein  of  Pottsville. 

12.  Calamites  approximatus,  Brongt.,  Hist,  des  Veg.  Foss.,  vol.  1.  p.  134,  t.  24,  f.  7,  8.  —  Stem  cylindrical; 
joints  very  near  each  other,  slightly  marked  ;  ribs  convex ;  tubercles  either  numerous  and  globose,  or  wanting. 

This  species  is  common  in  the  coal-fields  of  Pennsylvania.  We  have  foimd  it  at  the  Gate  Vein,  PottsviUe, 
and  at  Tremont,  and  have  seen  beautiful  and  numerous  S2:)ecimens  of  it  in  the  collection  of  Mr  Clarkson,  at  Carbon- 
dale. 

II. — Equisetites,  Sternb. 

Ear  terminal  and  globose,  superior  sheaths,  nearly  immersed,  and  at  length  free,  with  pentagonal  or  concave 
scales  very  near  each  other;  stem  cylindrical,  striated  lengthwise,  articulated,  simple,  branching  below  the 
articulations,  and  bearing  erect-toothed  sheaths,  inserted  below  the  aiticulations. 

1 .  Equisetites  stellifolius,  Unger,  Gen.  et  Spec. — 1^1.  Foss.,  p.  60. 

Equisetum  stellifoUurn,  Harlan. — Stem  erect,  simple,  smooth,  cylindrical,  1  to  8  inches  in  diameter ;  branches 
10  to  12,  emerging  from  the  stem  at  the  joints,  like  the  rays  of  a  star ;  articulations  rather  distinct  near  the 
base,  approached  above  ;  sheaths  indistinct. 

We  have  mentioned  this  genus  and  this  species  only  on  account  of  the  description  of  Harlan,  which  has  been 
copied  by  the  European  authors  without  any  criticism.  The  plant  alluded  to,  and  named  by  Harlan  Equisetum 
stellifolium,  is  merely  an  Annulaiia — probably  Anmdaria  fertilis,  Brongt.    The  error  of  those  who  have  not  had  an 
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opportunity  to  see  the  specimens  is  easily  accounted  for  by  the  indication  of  the  diameter  of  the  stem,  and  of  the 
mode  of  branching.  What  Harlan  has  named  branchrs  are  tlie  leaves,  and  his  indication  of  tlie  breadth  of  the 
stem,  1-8  pal.,  which  means  the  eightli  part  of  an  inch  or  a  line,  in  French  measure,  has  been  translated  1  to  8 
inches  in  diameter.  Harlan  remarks  tltat  the  articular  sheaths  which  exist  in  all  the  recent  species  of  this  genus  are 
harehj  visible  in  this  fossil  specimen  ;  they  may  possibly  have  been  destroyed  by  pressure  ;  remnants  of  the  sheaths  are, 
however,  visible.  There  is  not  any  trace  of  these  sheaths  in  the  fossil,  and  probably  the  author  has  taken  some  part 
of  the  leaves  for  them.  The  place  where  this  species  is  indicated  as  found,  is  the  Schuylkill  anthracite.  As  we  have 
had  an  opportunity  of  exploring  carefully  the  anthracite  basin  of  the  Schuylkill,  we  Lave  found  there  a  great  abun- 
dance of  the  Asterophyllites  and  Annularia,  but  never  any  trace  of  an  Equisetites,  and  we  have  no  doubt  that  Dr 
Harlan  was  mistaken  in  his  observation.  This  conclusion  is  of  great  importance  concerning  the  geological  distri- 
bution of  fossil  plants  ;  for  it  removes  at  once  the  Equisetaccce  from  the  Palaeozoic  coal,  and  shows  their  ti"ue  place 
to  be  much  higher  in  the  geological  series.  Equisetites  mirabilis,  Sternb.,  is  a  stem  of  which  nothing  can  be  said, 
except  that  the  class  of  plants  to  which  it  belongs  is  unknown. 

III.  Asterophyllites,  Brongt. 

Stems  articulate,  branching  at  the  joints  ;  leaves  placed  around  the  stems  like  the  rays  of  a  star  (verticillate), 
open  at  the  base,  but  often  incurved  above  ;  equal,  linear  aciite,  single  nerved,  free  or  slightly  joined  together  at 
the  base.    Fruit,  axillary,  monospermous  (?)  compressed  nutlet,  either  naked  or  encircled  by  a  narrow  wing,  which 

is  pointed  or  acute  at  the  summit.    (For  the  male  inflorescence,  vide  above,  p.  849)*.  We  have  put  together 

both  the  genera  Wolkmannia  and  Asterophyllites,  being  unable  to  point  out  any  peculiar  marks  to  separate  them. 

1.  Asterophyllites  gracilis,  Brongt.,  Wolkmannia  gracilis,  Sternb.,  Vers.  2,  p.  53,  PI.  15,  fig.  1-3. — Stem  cylin- 
drical, branching,  leafy  (articulations  2  to  6  lines  distant),  strongly  furrowed  in  its  length.  Leaves  verticillate, 
linear,  obtuse,  half  an  inch  long,  open  on  the  stem,  but  straight,  appressed  together,  short,  and  crowded  near  the 

summit  of  the  branches,  which  terminate  like  an  ear.  We  have  not  found  any  specimen  of  this  species  in  the 

coal-fields  of  Pennsylvania  ;  but  we  have  seen  a  beautiful  one  from  Zanesville,  Ohio,  in  the  cabinet  of  D.  Howart 
at  Columbus. 

2.  Asterophyllites  equiscfiformis,  Brongt.,  Prod.  159;  Hyppuritcs  equisetiformis,  Lindl.  and  Hutt.,  vol.  2,  tab.  192  ; 
Bornia  equisetiformis,  Sternb. — Stem  a  foot  high  and  more,  articulate,  branching  branches  opposite,  simple,  articu- 
lated ;  leaves  linear,  lanceolate,  single  nerved ;  verticillate,  inserted  on  the  joints.  This  species  abounds  in  the 

anthracite  basins.  We  have  found  stems  of  this  plant,  one  inch  thick  and  more,  bearing  leaves  and  branches. 
There  is  no  difference  between  the  American  and  the  European  specimens.  Near  the  summit  of  the  branches  the 
articulations  become  shorter,  and  the  leaves  straight  and  appressed,  and  are  longer  than  the  space  between  the 
joints.    In  this  state  it  is,  we  think,  Asterophyllites  rcgida,  Brongt.  Prod.  p.  154. 

3.  Asterophyllites  foliosa,  Lindl.  and  Hutt,  Foss.  Flor.  1,  t.  25. — Stem  slender,  striate,  articulated,  inflated  at 
the  joints;  branches  simple,  either  opposite  or  verticillate;  leaves  8  to  10  in  a  whorl,  linear,  lanceolate,  arched,  single 

nerA^ed,  shorter  than  the  distance  between  the  joints.  This  species  is  perhaps  also  a  variety  of  the  former  ;  it 

scarcely  differs,  except  by  the  leaves  being  a  little  broader  and  less  numerous.  Found  at  the  Salem  Vein  at 
Pottsville,  often  mixed  with  the  former.  On  the  same  slates  we  have  also  seen  specimens  agreeing  exactly  with 
Asterophyllites  tenuifoUa,  Brongt.,  Prod.  159,  and  we  think  that  this  species  belongs  also  to  Asterophyllites  equisetiformis. 

4.  Asterophyllites  crassicaulis,  Lesq.  ;  Annularia  LongifoUa  (?)  Gutb.,  PI.  I.,  fig.  1 — la. — Stems  thick,  articulated, 
deeply  striate;  leaves  verticillate  on  the  joints,  linear,  lanceolate,  acute,  single  nerved;  fruit  obcordate,  acute, 
attached  to  the  stems  in  the  axils  of  the  leaves. 

We  have  found  only  two  very  small  and  broken  specimens  of  this  plant  at  the  Gate  Vein,  New  Philadelphia. 
It  differs  from  all  the  species  yet  described,  not  only  by  its  fruit,  but  by  the  thickness  and  the  deep  furrows  of 
the  stem.  The  fruits,  or  compressed  nutlets,  appear  to  be  attached  above  the  joints  of  the  stems  :  they  fill  the 
whole  space  between  the  whorls  of  the  leaves ;  but  our  specimens  being  too  small  and  imperfect,  we  could  not 
see  the  point  of  attachment  of  the  fniits. 

5.  Asterophyllites  ovalis,  Lesq.,  Plate  I.,  fig.  2.  Differs  from  the  former  by  its  slender  stem  and  slender 
furrows,  the  more  numerous  leaves,  and  the  oval  nutlets.  Our  small  specimen  is  from  the  same  locality  as 
the  former. 

6.  Asterophyllites  suUcEvis,  Lesq.,  Plate  I.,  fig  3. — Stem  thick,  nearly  smooth,  or  slightly  undulate  below 
and  above  the  inflated  joints,  branching  at  the  articulations.  Leaves  verticillate,  half  open,  shorter  than  the 
distance  between  the  joints ;  branches  short,  and  thick  with  very  short  leaves. 

The  difference  in  the  length  of  the  leaves  in  this  species  may  show  how  easily  one  may  be  misled  in  the 
determination  of  the  species,  in  plants  of  which  we  have  only  the  leaves  to  rely  on  as  specific  and  distinctive 
marks.  Taken  alone,  the  branches  with  their  short  leaves  would  agree  with  Asterophyllites  delicatula,  Brongt., 
except  for  the  thickness  of  the  stems.  The  root  (Plate  I.,  fig.  9),  which  is  on  the  same  slate,  appears  to  be  the 
root  of  this  Asterophyllites,  and  is  very  remarkable  for  its  cuticle.  The  epidermis  is  covered  with  small  undulate 
furrows,  crossing  each  other  nearly  at  right  angles,  and  having  the  same  appearance  as  the  vessels  in  the  internal 

*  M.  Unger,  who  has  not  observed  the  fruits  attached  to  the  stem,  says  that  they  are  encircled  by  an  emarrjinate  wing.  He  has  seen 
them  upturned.  They  are  ordinarily  pointed  above,  obcordate  or  emarginated  below,  and  often  bearing  a  short  stem,  in  which  case  they 
belong  to  Carpolithes  bicuspidatus  of  Sternb. 
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struchire  of  tho  wood  of  some  coniferas  (Plate  I.,  fig.  9,  a).  Sometimes  the  epidermis  is  fomid  detached  from  the 
root,  and  an  irregular  surface  remains ;  and  in  this  case  the  resemblance  to  the  vessels  of  wood  is  such  that  it 
may  easily  mislead  the  observer, 

7.  Asterophi/llites  tuberculata,^rongt.,  Prod.,  159  ;  Lindley  and  Hutt., i^oss.  Flora,  1,  t.  14,  p.  45  ;  2,  t.  180,  p.  82  ; 
Hidtonia  carinata  (?),  Gutb.  —  Stem  striate,  distance  between  the  joints  very  short  ;  leaves  short,  obtuse, 
united  together  nearly  to  the  summit,  forming  a  thick  ear,  and  enclosing  small  cells  containing  the  pollen  (?). 
Gate  Vein  of  New  Philadelphia,  whei'e  it  is  abundant. 

8.  AsterophylUtes  lanceolata,  Lesq. ;  Wolkmannia  major,  Gutb.,  Plate  VII.,  fig.  32  (?) — This  species  differs 
from  the  former  only  by  the  leaves  being  united  half  their  length,  and  terminated  in  a  lanceolate  point.  In  the 
same  locality  as  the  former,  we  have  had  opportunities  for  examining  many  specimens,  and  foimd  this  species  a 
dilierent  one  from  any  others. 

9.  AsterophylUtes  aperta,  Lesq.,  Plate  I.,  fig.  4. — This  species,  fo.und  also  in  the  slate  of  the  same  vein  of 
coal,  has  the  ear  more  slender  and  longer  than  both  No.  7  and  No.  8.  The  leaves,  though  short,  and  united  in 
their  whole  length,  as  in  No.  7,  are  half  open,  and  not  appressed.  When  divested  of  its  leaves  it  is  deeply 
furrowed,  and  the  joints,  not  inflated  at  all,  are  scarcely  visible. 

10.  AsterophylUtes  Brardii,  Brongt.,  Prod.,  p.  159  ;  Annularia  reflexa,  Sternb.,  1  4,  p.  31,  1. 19,  Fig.  5. — Stem 
striate,  articulated ;  leaves  in  whorls  turned  backwards.  We  have  seen  some  specimens  of  this  species  on 
slates  covered  with  AsterophylUtes  equisetiformis,  and  think  it  the  same  species,  the  tmiiing  back  of  the  leaves 
being  probably  accidental. 

IV. — Annularia,  Brongt. 

Stems  slender,  articulated ;  branches  opposite  from  below  the  base  of  the  leaves ;  leaves  A'erticiUate,  plain, 
often  obtuse,  single-nerved,  of  unequal  length  ;  fruit  unknown. 

Against  the  opinion  of  M.  linger,  whose  description  of  the  fructification  answers  exactly  to  what  we  take 
for  the  male  catkins  of  AsterophylUtes,  we  persist  in  our  opinion  that  these  plants  are  not  only  different  from  the 
former,  but  belong  to  another  class.  For  this  reason  we  think  that  Annularia  longifolia,  described  with  the  fniit, 
is  a  true  Asterophyllites,  and  probably  the  same  as  AsterophylUtes  equisetiformis. 

1.  Annularia  7ninuta,  Brongt.,  Prod.,  155. — Stem  striate,  branching  in  whorls  ;  branches  branching  again  ; 
leaves  short,  lanceolate.  Gate  Vein  at  Pottsville.  Our  species  agrees  with  the  description  of  Brongniart  and  the 
figures  of  Sternberg,  except  that  in  our  specimen  the  leaves  are  slightly  obtuse. 

2.  Annularia  fertilis,  Stemb.,  Vers.,  1  4,  p.  31,  t.  51,  Fig.  2. —  Stem  (?) ;  branches  bearing  about  sixteen 
whorls,  lanceolate,  linear,  slightly  obtuse;  leaves  unequal  in  length,  the  lateral  ones  sometimes  1^  inches  in  length, 
and  more.  This  species  is  commonly  found  in  the  highest  and  lowest  veins  of  the  anthracite  basin — viz.  in  the 
South  Salem  coal  at  Pottsville,  and  the  Mammoth  Vein  at  Minersville,  &c.  We  have  received  it  also  from  many 
places  in  the  coal-basin  of  Pennsylvania  and  Oliio. 

3.  Annularia  longifoUa,  Brongt. — Stem  thick ;  leaves  verticillate,  single-nerved,  linear,  lanceolate,  numerous  in 
the  whorls.  The  thickness  of  the  stems  alone  would  be  sufficient  to  detach  this  species  from  this  genus.  Gate 
Vein  at  Pottsville. 

4.  Annularia  sphenophylloides,  linger.  Gen.  et  Spec,  p.  G8. — Stem  diffuse,  articulated,  marked  with  deep  but 
very  narrow  furrows  ;  leaves  verticillate,  ten  to  sixteen ;  obovate,  oblong,  very  entire,  either  slighth-  emargmated 
or  pointed  (Plate  I.,  fig.  5  and  5  a).  Very  abundant  in  the  slates  of  the  upper  coal-beds  of  the  Potts\-ille 
anthracite  basin. 

The  whorls  of  leaves  are  often  found  separate  from  the  stem,  and  have  been  first  mentioned  as  the  corolla 
of  some  flowering  plant.  We  have  some  doubt  about  the  identity  of  the  two  forms,  though  they  are  ordinarily  found 
together.  As  there  is  no  other  difference  than  the  point  of  the  leaves,  we  have  thought  it  better  to  unite  them, 
until  it  may  be  perhaps  ascertained  if  the  emarginate  form  is  not  the  fruit-bearing  plant,  and  the  other  the 
sterile  one. 

V. — Sphenophyllum,  Brongt. 
Stems  simple,  branching,  articulated ;  leaves  cuneate,  verticillate  by  six  to  twelve,  truncate  at  the  apex, 
either  serrulate,  or  bilobate,  or  laciniate,  with  Linear  narrow  divisions.  Fniit  unknown.  Messrs  Presl  and 
Germar  have  described  the  fruit  as  an  axiUar  or  terminal  ear,  composed  of  numerous  bracteal  leaves  covering 
small  nutlets,  approached  or  united  in  four.  Their  drawings  and  description  are  truly  remarkable,  but  the 
likeness  of  such  ears  to  the  male  catkins  of  Asterophylhtes  (as  said  before)  leaves  a  dotibt  upon  this  point. 
Perhaps  these  ears,  which  we  have  described  as  the  male  catkins  of  Asterophyllites,  are  the  fruit  of  Sphenophyllum  ; 
but  in  this  case  Sphenophyllum  would  be  the  immersed  part  of  an  Asterophyllites,  for  we  have  seen  those 
ears  attached  to  the  stems  of  these  plants,  and  contrary  to  nature,  the  immersed  leaves  would  be  enlarged  and 
many-nerved,  and  the  aerial  ones  narrow,  linear,  and  single-nerved.  AVe  cannot  admit  this  conclusion.  We  have 
tried  without  result  to  solve  satisfactorily  this  question.  It  is  true  that  Asterophyllites  and  Sphenophyllum  are 
ordinarily  found  together,  and  on  the  same  slates,  and  often  in  such  confusion  that  one  of  the  plants  looks  as  if 
it  were  the  branches  of  the  other ;  but  a  careful  examination  has  always  shown  us  both  plants  truly  distinct  and 
separate. 

1.  Sphenophyllum  Schlotheimii,  Brongt.,  Prod.,  p.  G8.— Stems  1  to  2  feet  long,  flexuous,  striate,  inflated  at  the 
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articulations  ;  leaves  in  whorls  of  six,  ouueate,  nearly  truncate  or  very  obtuse  at  the  summit ;  very  finely  crenate, 
open  or  reflexed ;  nerves  furcate,  terminating  in  the  sinuses  of  tlie  minute  teeth. — Plate  I.,  fig.  8,  8  a,  8  b. 

At  the  South  Salem  Vein  (new  breaker),  near  Pottsville,  the  slates  are  entirely  covered  with  this  species,  but 
we  have  never  found  there  anything  like  the  fructification  described  by  Messrs  Presl  and  GeiTnar.  The  slates  are 
often  covered  with  small,  round,  deep,  and  hoUow  impressions,  which  look  like  the  impression  of  a  hard  small 
nutlet ;  but  they  are  obsolete,  and  their  tme  nature  cannot  be  ascertained.  Our  American  species  difi'ers  only 
from  the  European  one  by  shorter,  broader  leaves,  and  by  the  stems  being  more  inflated  at  the  joints.  In  our 
Fig.  8  5,  wliich  represents  the  upper  part  of  a  stem,  the  leaves  are  nearly  straight,  and  only  three  to  four  in 
a  whorl. 

2.  Sphenophyllum  emarginatum,  Brongt.,  Prod.,  p.  Gl. — Stem  branching ;  leaves  cuneate,  cremdate,  deeply 
emarginate,  in  whorls  of  six.    Gate  Vein  at  Pottsville. 

3.  Sphenophyllum  fiUculmis,  Lesq.  ;  Sphenophyllites  ollongifolia,  Gutbier;  Plate  L,  fig.  6. —  Stem  very  slender, 
thread-like  ;  leaves  in  whorls  of  six,  the  lateral  ones  long,  cuneate,  deeply  emarginate,  and  crenulate  ;  inferior 
leaves  much  shorter,  and  a  little  broader,  of  the  same  form.  This  species,  of  peculiar  appearance,  and  easily 
distinguished  by  the  difference  in  the  length  of  the  leaves,  and  the  slender  stem,  is  the  same,  I  think,  that  has 
been  figured  by  Parkinson  [Organic  Remains)  without  any  name.  Its  slender  stem,  the  leaves  expanded  horizon- 
tally, and  of  unequal  length,  gives  to  it  the  appearance  of  a  tnie  Annularia. 

4.  Sphenophyllum  trifoliatian,  Lesq.,  Plate  I.,  fig.  7. — Stem  thick,  inflated  at  the  joints,  striate  ;  leaves  in 
whorls  of  three,  deeply  cut  in  three  linear  acute  divisions.  The  small  specimen  found  and  represented  here  does 
not  give  any  hint  about  the  general  appearance  of  this  plant.  We  think  that  we  have  in  it  a  malformation  of  a 
Sphenophyllum  caused  by  immersion. 

5.  Sphenophyllum  oblongifoUum,  linger.  Gen.  et  Spec.,  p.  70.  —  Leaves  in  whorls  of  six,  oblong  or  ovate  ; 
denticulate  at  the  apex,  longer  than  the  distance  between  the  joints.  We  report  with  doubt  of  this  species,  of 
which  we  have  not  seen  any  figure.    No.  127  and  129  of  the  Collection.    Salem  Vein  at  Pottsville. 

Fifth  Class. — Filices  {Ferns). 

This  class  of  plants,  as  every  one  knows,  is  the  one  of  which  the  remains  are  most  abundantly  found  in  the 
Coal-measures.  In  the  Palfeozoic  coal  the  number  of  ferns  is  such,  that  it  was  long  an  established  opinion  that 
all  the  plants  of  that  epoch  belonged  either  to  this  class  of  plants,  or  to  the  Equisetacea?  and  Lycopodiaceje,  the 
two  classes  of  vegetables  nearest  the  ferns.  We  have  already  said  what  we  think  of  this  doctrine  (see  Introduc- 
tion). This  uniformity  of  vegetation  is  worth  recollecting  when  we  have  a  doubt  about  the  classification  of 
any  peculiar  genera  of  which  there  have  never  been  found  any  specimens  perfect  enough  to  show  its  true 
place  in  the  vegetable  kingdom.  Such  is  the  genus  Nocggerathia,  admitted  by  Goppert,  linger,  and  the  German 
authors  to  be  a  fern,  and  transferred  by  M.  Brongniart  to  the  class  of  the  Cycadece.  The  presence  of  the  plants  of 
this  genus  in  the  Palaeozoic  formations  below  the  coal,  would  of  itself  induce  us  to  admit  them  as  ferns.  But,  notwith- 
standing the  scarcity  of  these  plants,  we  have  found  many  specimens  of  which  the  best  part  (figured,  Plate  I.  fig.  10) 
shows  evidently  the  same  mode  of  branching  as  the  ferns.  The  only  difference  that  can  authorise  a  sej^aration 
of  these  vegetables  from  that  class  of  plants,  is  the  insertion  of  the  leaves.  But  many  species  of  Sphenopteris  have 
the  leaflets  decurrent  on  the  branches,  and  apparently  slightly  clasping,  as  in  the  Noeggerathia.  This  conformation 
is  especially  visible  in  our  Noeggerathia  Bockschiana,  Plate  III.  fig.  1  6,  1  c,  a  plant  related  to  the  Noeggerathia  by 
the  disposition  of  the  nerves,  and  to  the  Adiantites  or  Sphenopteris  by  the  form  of  the  leaves  and  the  ramification. 

To  direct  us  in  the  study  of  the  fossil  ferns,  there  are  very  few  characters  on  which  we  can  rely  with  certainty. 
Thoiagh  we  have  found  many  specimens  of  fossil  fems  with  fnictifica,tions  (spore-cases  or  sporanges),  the  position 
of  these  fruits  is  the  only  character  observable  in  them.  Their  form  is  always  absolute  ;  and  the  position  itself, 
in  comiection  with  the  veinlets,  is  mostly  undefined,  these  veinlets  being  ordinarily  obscured  by  the  sporanges. 
Such  being  the  case,  we  cannot  admit  the  new  classification  of  the  fossil  fems  as  it  has  been  attempted  by  M.  Goppert, 
taking  for  its  basis  the  form  and  the  position  of  the  fructifications.  Eelying  only  on  what  we  can  see  on  nearly 
all  the  leaves  of  fems  found  in  the  coal,  we  take  our  marks  or  characters  from  the  general  form  of  the  leaves  and 
leaflets,  and  from  the  dii-ection  and  the  ramification  of  the  veins  and  veinlets.  The  form  of  the  leaves  is  so  variable, 
not  only  on  the  same  plant,  but  often  on  the  same  branch  of  a  fern,  that  a  classification  with  such  a  basis 
necessarily  leads  us  into  many  mistakes.  But  the  adoption  of  another  method  would  not  only  expose  us  to  as 
many  errors,  but  especially  lead  to  such  a  confusion  of  genera,  by  the  obscurity  and  even  the  impossibility  of 
description,  that  it  is  far  better  to  adhere  to  the  old  method. 

We  have  used  the  only  means  in  our  power  of  obviating  the  inconvenience  of  this  method — viz.  the  study  of 
the  fossil  ferns  on  the  spot  where  they  are  found.  We  have  never  found  any  part  of  an  interesting  plant  without 
looking  carefully  for  other  portions  of  the  same,  at  the  same  locality,  and  very  often  have  been  enabled,  by  so 
doing,  to  rebuild  a  whole  plant,  the  remains  of  which,  found  separately,  would  have  certainly  authorised  the 
estabUslung  of  many  species.  It  is  by  such  researches  that  we  were  able  to  ascertain  the  identity  of  the  genera 
Cyclopteris  and  Neuropteris,  by  following  our  Neuropteris  hirsuta  in  all  its  transformations  from  the  normal  part 
attached  to  the  stem,  Plate  III.,  to  all  the  variations  indicated  on  Plate  IV.  We  have  no  doubt  that  all  the  stemless 
Cyclopteris  with  arched  nerves  belong  to  some  described  species  of  Neuropteris,  and  that  aU  the  stemless  Cyclopteris 
with  straight  and  diverging  nerves  belong  to  some  species  of  Odontopteris.    This  opinion  is  elucidated  in  the 
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description  of  the  different  species.  From  this  point  of  view,  if  we  had  to  make  a  general  description  of  the  fossil 
plants  of  America,  we  would  necessarily  unite  under  the  name  of  Cijclopteris,  all  the  species  of  Neuropteris  and 
Odontopteris,  of  which  the  veins  are  slender  and  narrow,  and  the  form  of  the  leaves  variable,  from  oval  or  lanceolate 
to  circular.  The  following  are,  for  the  coal  of  Pennsylvania,  all  the  species  of  Neuropteris  which  we  have  described, 
except  N,  Cistii,  N.  Grangeri,  N.  heterophijlla,  N.  minor,  N.  rarinervis  ;  all  the  steuiless  Cydopteris,  our  Odontop- 
teris squamosa,  and  perhaps  0.  cremdata,  Bt.  We  would  have  naturally  to  make  two  divisions  of  this  genus,  one 
having  the  leaves  with  arcuate  nerv^es,  the  other  leaves  with  straight  and  diverging  nerves.  The  Cyclopteris,  with 
stem,  belongs  to  another  genus.  Preserving,  as  we  do,  the  classification  generally  admitted,  we  recognise  only 
the  three  following  sections  in  the  fossil  ferns — viz.  : 

1.  iVe«<ro/)<m'c?e<E,  to  which  belong  the  genera,  Noeggerathia,  Odontopteris,  Cyclopteris,  Neuropteris,  and  Dyctiop- 
teri^.  2.  Sphenopteridece,  with  the  genera,  Sphenopteris,  Hymenophyllites,  Pachyphyllum,  and  Scolopendrites,  two  genera 
of  which  the  true  place  is  yet  undetermined.  3.  Pecopteridece,  containing  the  genera  Callipteris,  Aletkopteris, 
Pecopteris  and  Asplenites.    This  last  genus  only  is  established  on  the  form  of  the  elongated  sporangia. 

I.  Neuroptcridcce* — Frond  pinnate  or  bi-pinnate.  Secondary  veins,  either  rising  from  a  medial  nen-e,  vanish- 
ing above,  or  all  emerging  and  branching  from  the  base  witliout  any  distinct  medial  nerve.    Fruits  unknown.  ■ 

It  is  tmly  remarkable  that  hitherto  there  has  not  been  found  any  relic  of  the  fruit  of  these  Neuropteridece,  though 
the  remains  of  ferns  are  very  abundant  in  the  coal.  The  impressions  indicated  by  M.  Brongniart,  as  being  possibly 
the  marks  of  the  sporanges,  on  the  leaves  of  Neuropteris  undulata,  have  long  since  been  acknowledged  as  accidental 
swellings  of  the  epidermis.  They  are  easily  observed  on  many  kinds  of  ferns  belonging  to  this  class,  and  even  on 
the  ferns  of  the  otlier  divisions.  Possibly  the  Neuropteridece  had  a  fertile  and  a  sterile  frond  like  Onoclea  or 
Osmunda,  and  perhaps  also  the  fertile  fi'ond  appeared  and  decayed  before  the  complete  maturity  of  the  sterile 
ones,  as  it  happens  with  our  Osmunda  Cinnamomea.  Whatever  it  may  be,  the  total  absence  of  fructification  in 
the  plants  of  this  class,  both  in  America  and  in  Europe,  is  a  remarkable  occurrence.  In  many  places,  especially 
at  Pomroy,  Ohio,  we  have  seen  the  roof  of  the  bed  of  coal  entirely  covered  with  the  remains  of  Neuropteris  undu- 
lata ;  in  other  places  we  have  found  the  roof-slates  so  thickly  covered  with  the  leaves  oi  Neuropteris  hirsiita,  or 
with  those  of  Dyctiopteris  ohliqua,  that  the  slates  seemed  like  a  mass  of  these  leaves  heaped  upon  one  another ; 
nevertheless  we  have  not  been  able  to  detect  any  form  that  could  be  ascertained  to  be  a  fertile  leaf 

I.  NoKGGERATHiA,  Stcrnb. — Froud  bi-pinnately  or  tri-pinnately  branching ;  branches  elongated,  obliquely 
attached  to  the  stems  ;  pinnules  obovate,  obcordate,  or  wedge-form,  clasping  or  decurring  on  the  rachis  by  their 
base,  sometimes  narrowed  in  a  short  petiole  ;  nerves  very  numerous,  equal,  either  simple  or  forking  from  the 
base  up,  parallel. 

1.  Noeggerathia  ohliqua,  Gopp.,  Gatt.  Foss.,  Plates  V.  VI.,  tab.  12,  fig.  2. — Frond  bi-pinnate,  pinna?  half  open, 
attached  to  the  stem  in  an  acute  angle,  like  the  pinnules  or  the  rachis  ;  pinnules  wedge-form  or  obconical,  long, 

nan-owed  at  the  base,  oblicjuely  truncate  at  the  summit ;  nerves  dichotomous,  distinct.  This  species  was  found 

below  Pottsville,  in  the  Vergent  strata.  We  cannot  decide  whether  this  species  is  the  same  as  the  one  described 
and  figured  by  Professor  Hall  in  his  geological  report  of  the  survey  of  New  York,  and  named  Sphenopteris  laxus  ; 
or  if  the  plant  found  by  him  belongs  to  the  next  species.  We  have  also  some  doubt  whether  our  American  form  is 
perfectly  identical  with  the  European  plant  of  which  the  pinna?  have  never  been  found,  and  the  pinnules  only  been 
described.  In  our  species  the  pinnje  are  very  long,  we  have  only  broken  parts  of  them ;  the  leaflets  are  from  1^ 
to  2  inches  long,  very  obliquely  attached  to  the  rachis,  and  narrowed  into  a  short  and  broad  clasping  petiole ;  the 
nerves  flabelliform  and  dichotomous,  distinct. 

2.  Noeggerathia  obtusa,  Lesq.,  Plate  I.  fig.  11. — Frond  bi-pinnately  branching;  pinnae  elongated,  slightly 
undulate  ;  pinnules  attached  to  the  rachis  in  a  very  acute  angle,  broad  and  long,  obovate,  rounded  or  lobed  above, 
narrowed  below  in  a  short  broad  petiole  ;  nerves  dichotomous  and  simple,  parallel,  distinct.    Red  sandstone  of 

the  Ponent  group,  Lehigh,  below  the  Mauch  Chunk  Gap.  We  have  found  this  species  only  in  small  fragments 

on  the  same  slates  as  the  following  ;  perhaps  both  belong  to  the  same  species.  The  nei-vation  being  alike  in  all 
our  Noeggerathia,  if  we  cannot  rely  on  tlie  form  of  the  leaves  for  a  specific  character,  we  must  have  only  one 
species  of  these  plants.  It  diff"ers  from  the  following  especially  by  its  larger  size,  and  the  nearly  round  form  of 
its  leaflets. 

3.  Noeggerathia  minor,  Lesq.,  Plate  I.  fig.  10. — Frond  bi-pinnately  branching ;  pinna?  long  and  straight,  half 
open  ;  pinnules  chstant,  small,  obliquely  attached  to  the  rachis  and  slightly  recurved,  cuneate,  very  obtuse  above, 
narrowed  below  ;  nei'ves  very  slender,  scarcely  distinct,  dichotomoiis  or  simple  and  parallel.  Same  locality  as  the 
former. 

4.  Noeggerathia  BocTcschiana,  Lesq.,  Plate  III.  fig.  1,  la,  lb,  1  r,  Id;  Cyclopteris  Boclschiana,  Gtipp. 
Uebers,  p.  209 ;  Adiantites  Bockschii,  Gopp.,  Syst.  Fil.  Foss.,  p.  384,  t.  36,  fig.  6. — Frond  bi-tripinnately  branching; 
pinn«  nearly  trifoliate  or  pinnated  ;  pinnules  obliquely  attached  to  the  rachis,  var^aug  from  the  obovate  and  obcor- 
date to  a  broadly-cuneate  form,  narrowed  into  a  short  broad  petiole,  the  upper  leaflet  larger  and  broadly  obovate, 
and  narrowed  into  a  longer  petiole.  Nerves  dichotomous  and  simple,  very  distinct ;  primary  stem  thick,  channeled 
and  slightly  margined  like  the  branches.    In  the  Vespertine  strata  opposite  Mauch  Cluink  this  species  affords  the 

*  The  definition  of  all  the  botanical  terms  used  in  our  descriptions  may  be  found  in  Ghat's  Manual  of  Botany.  The  word  frond 
indicates  the  whole  outline  of  a  fern  leaf.  The  froud  is  pinnate,  or  bi-pinnate,  or  tri-pinnate.  The  first  division  is  the  pinna,  the  last  ones 
are  the  pinnules  or  leaflets. 
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best  proof  of  the  difficulty  of  a  classification  in  the  fossil  ferns  of  this  division.  M.  Goppert  has  seen  only  a  leaflet 
of  this  plant,  exactly  like  the  one  figured,  Plate  III.  fig.  I  a.  He  placed  it  first  in  the  genus  Adiantites,  and 
afterwards  in  the  genus  Cyclopteris.  Considering  the  mode  of  nervation,  the  first  place  was  the  proper  one  for  this 
plant ;  but  by  the  nearly  round  form  of  the  leaflet,  it  is  a  Cyclopteris.  But  the  other  parts  of  this  plant  which  wo 
have  found  and  figured,  would  necessarily  recall  it  to  its  former  place.  It  is  a  true  Adiantites,  if  we  admit  the  genus 
as  it  has  been  fixed  by  M.  Brongniart — viz.  frond  bi-pinnate  or  tri-pinnate,  pinnules  narrowed  to  the  base,  flabelli- 
form,  entire,  with  the  veins  diverging  from  the  base  without  medial  nerve.  But  as  our  plant  has  exactly  the  same 
nervation  as  the  Noeggerathia,  as  the  leaflets  appear  to  have  been  joined  to  the  rachis  in  the  same  manner  as  in 
the  former  species,  and  as  the  general  form  has  nothing  that  departs  from  the  other  Noeggeratliice,  we  have  preferred 
to  let  it  remain  in  this  genus,  the  more  so  because  our  plant  was  found  in  the  same  strata  as  the  other  species. 
M.  Goppert's  plant,  evidently  the  same  as  ours,  was  found  also  in  the  transition  (Devonian)  sandstone  of  Bohemia. 
This  species  has  a  great  afiiuity  with  Sphenopteris  adianthoides,  Lindl.  andHutton,  Foss.  FL,  2,  p.  115,  t.  91  and  92  ; 
placed  by  M.  Goppert  among  the  Cyclopteris,  it  differs  only  in  having  equal  nerves  and  enlarged  petioles  of  the 
leaves. 

II.  Cyclopteris,  Brongt.— Frond  piimate,  leaflets  sessile,  flabelliform,  half  orbicular,  sometimes  round,  some- 
times also  lobate,  with  a  cordate  and  often  unequal  base  :  nerves  numerous,  flabellate,  dichotomous  from  the  base, 
nearly  parallel ;  fructifications  unknown.    We  shall  separate  this  genus  into  three  sections  : — 

a  Adianthoides,  with  leaflets  petioled,  and  nerves  parallel  and  straight ;  a  section  which  should  be  united  with 
the  genus  Adiantites.  !3  Odontopteroides,  with  round  or  cuireate  leaves  witliout  petioles,  the  nerves  divei'ging  fan- 
like, dichotomous,  and  straight.    The  plants  of  this  section  are  connected  with  some  species  of  Odontopteris. 

y  Neuropteroides,  with  the  leaflets  without  petioles,  the  nerves  furcate  or  dichotomous  from  the  base,  diverging 
fan-hke  and  arched  ;  a  section  which,  as  we  have  said  above,  should  be  united  with  the  genus  Neuropteris. 

a  Adianthoides. — 1.  Cyclopteris  Jlabellata,  Brongt. — Leaflets  very  entire,  fan-like,  round  and  undulate  in 
outline,  cuneate  below ;  nerves  very  thin  and  close,  straight,  dichotomous,  distinct.  Tremont,  New  Vein.  Our 
American  species  does  not  differ  in  any  way  from  the  one  described  by  Brongniart,  except  that  the  nerves  do  not 
rmite  near  the  base  in  a  thick  fascicule.  The  leaves  apjaear  to  have  been  borne  on  a  short  petiole.  Related  to 
this  plant,  we  have  a  beautiful  species  of  fern,  found  in  abundance  at  Cuyahoga  Falls,  Ohio,  and  described  by  Prof. 
Newberry  in  the  Annals  of  Science,  No.  X.  p.  116,  and  mxxnQdWliittleseya  elegans,  Newberry.  It  is  a  fan-like  leaf, 
borne  on  a  long  petiole,  cuneate,  ovate  below,  equally  cut,  and  serrate  at  the  truncated  summit.  The  very  fine  nerves, 
parallel  and  scarcely  branching,  if  at  all,  are  united  in  a  fascicule  at  the  point  of  the  teeth,  and  diverging  from  the 
sinuses.  These  leaves  plicate,  fan-like  in  their  length,  had  their  surface  deeply  and  equally  undulate.  This  undu- 
lation, we  think,  has  caused  the  obbteration  of  the  nerves  placed  in  the  furrows,  and  the  nerves  of  the  elevated 
ribs  alone  are  visible.  This  would  account  for  the  strange  and  abnormal  appearance  of  these  nerves,  as  indicated 
in  the  figure.  We  do  not  see  on  what  ground  it  can  be  separated  from  the  ferns,  its  likeness  with  some  living 
Adiantliuin,  especially  with  Adianthum  memhranaceum,  being  evident.  We  have  never  seen  this  species  in  the  coal- 
basins  of  Pennsylvania. 

/3  Odontopteroides. — 2.  Cyclopteris  fimbriata,  Lesq.,  Plate  IV.  figs.  17,  18. — Leaves  nearly  round  or  truncate 
at  the  base,  where  they  are  often  unequally  cordate  or  symmetrical ;  margins,  especially  above,  fringed  with  long 
thread-like,  linear,  acute,  flexuous,  and  nearly  equal  divisions  ;  nerves  flabellifoi  m,  dichotomous  from  the  base,  nearly 
straight,  distant  though  very  thin,  parallel,  ascending  to  the  points  of  the  divisions.  Salem  Vein,  Pottsville.  We 
have  found  many  fragments  of  this  beautiful  species  in  the  upper  veins  of  the  Southern  anthracite  basin  ;  but  we 
had  an  opportunity  to  study  its  general  form  in  a  beautiful  specimen  preserved  by  Mr  Lawton  at  Barlow,  Ohio, 
and  also  in  another  less  perfect  one  in  the  cabinet  of  the  Eev.  Mr  Brown,  at  Charlestown,  Kenawha,  Virginia. 
The  species  is  remarkable  not  only  for  its  regular  fringe,  but  also  for  its  nerves,  which,  branching  from  the  base 
and  from  the  middle,  are  pai-allel  and  sinq^le  above,  and  as  distant  as  the  divisions  of  the  fringe.  Except  Neur- 
opteris crenulate,  Brongt.,  to  which  this  plant  has  some  affinity  by  the  distance,  the  thinness,  and  the  distinctness 
of  the  nerves,  there  is  not  any  known  Neuropteris  with  which  it  may  be  compared.  Though  we  have  many  species 
of  living  ferns  with  fimbricate  margins,  it  is  the  first  time  that  a  species  of  this  form  has  been  found  in  a  petrified 
state,  and  from  the  old  formations.  But  every  day  the  study  of  fossil  remains  shows  us  something  new,  and 
teaches  us  that  the  primitive  organic  structures  of  this  world  were  much  more  perfect  than  is  generally  believed. 
Truly  each  form  of  being  was  perfect  from  the  first. 

3.  Cyclopteris  laciniate,  I^esq.,  Plate  XIX.  fig.  3. — Leaves  orbicular  quadrate,  with  the  base  equal  and  slightly 
cordate,  irregularly  fringed  around  by  long,  flexuous,  acute  divisions,  somewhat  unequal  in  length,  and  united  in 
fascicules  ;  nerves  flabelliform,  dichotomous,  straight,  very  close  and  distinct.  The  surface  is  covered  with  a  scaly 
coating,  which  entirely  obbterates  the  nerves,  but  it  falls  easily  into  pieces,  and  beneath  it  the  nerves  appear  per- 
fectly distinct.  We  have  found  a  single  specimen  of  this  plant  at  the  vein  of  Mirddy  Creek,  between  Pottsville 
and  Tremont,  in  connection  with  Odontopteris  squamosa.  The  nervation  of  both  plants  is  exactly  alike,  and  also 
the  scaly  coating  which  covers  them.  This  common  character  not  observed  on  any  other  species,  and  the  presence 
of  these  plants  on  the  same  slates,  are,  we  think,  sufficient  proof  that  they  belong  to  the  same  species  of  plants. 
And  here  already  we  have  the  first  confirmation  of  our  views  about  the  identity  of  some  species  of  Odontopteris 
and  of  Neuropteris  with  the  genus  Cyclopteris. 

y  Neuropteroides. — 4.  Cyclopteris  undans,  Lesq.,  Plate  IV.  figs.  19,  20,  21,  22  ;  and  Plate  V.  figs.  1,  2. — 
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Leaves  broadly  oval  or  nearly  roiincl,  emarginate  at  the  base  or  irregularly  cordate  ;  margins  undulate  and  irregu- 
larly serrate  ;  nerves  flabellirorm,  dichotomous,  very  slender  and  close,  distinct,  united  in  fascicules,  and  thickened 
at  and  near  the  base,  arched.  Gate  Vein  at  Middleport.  Following  the  transitions  of  forms  between  our  figures 
3  to  7,  Plate  V.,  there  can  be  no  doubt  that  all  these  leaves  belong  to  the  same  species,  and  that  our  Neuropteris 
undans  is  the  same  as  this  Cyclopteris.  All  these  leaves  were  found  on  the  same  slates,  and  all  are  identical,  not 
only  by  their  undulated  outline,  but  especially  by  their  thin  close  nerves,  inflated  at  and  near  the  base. 

5.  Ci/clopteris  elegans,  Lesq.,  Plate  V.  fig.  4. — Leaves  nearly  orbicular,  the  lobes  of  the  base  converging  and 
embracing  the  stem,  and  the  point  of  attachment  being  nearly  central ;  entire  or  slightly  undulate  in  outline  ;  nerves 
very  distinct,  deeply  ujarked,  radiate  and  dichotomous  from  the  base,  where  they  are  thickened;  arched.  A  beau- 
tiful species,  easily  distinguished  by  the  thinness  of  the  leaves,  ordinarily  slightly  folded  along  the  nerves,  and 
especially  by  the  sharpness  of  these  nerves,  ordinarily  more  arched  to  one  side  than  in  any  other  species.  Found 
in  the  vein  West  of  Shamokin,  in  connection  with  Neuropteris  tenuifolia,  Brongt.,  with  whicb  species  it  agrees  in 
the  thinness  of  the  leaves  and  the  sharpness  of  the  nerves. 

6.  Cijdoptcris  trichomanoides,  Brongt.  —  Leaves  kidney-shaped  or  nearly  round,  either  symmetrically  or 
unequally  cordate  at  the  base  ;  nerves  very  slender,  distant,  radiate,  dichotomous,  becoming  very  thin  and  close 
at  the  margins.  We  find  in  this  species  the  same  variety  of  forms  as  in  the  following,  from  which  it  diflers  only 
by  the  total  absence  of  the  hairs  on  the  surface,  and  the  nei-ves  slightly  thinner  and  closer  on  the  margins.  Found 
always  in  connection  with  Neuropteris  undulata,  especially  at  the  Gate  and  Salem  veins,  Pottsville. 

7.  Cyclopteris  hirsuta,  Lesq.,  Plate  IV.,  figs.  1  to  16  ;  Cyclopteris  trichomanoides,  Brongt.,  in  part;  Cyclop- 
teris obliqua,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  221,  t.  61,  fig.  3. — Leaves  oval  or  round  in  outline,  either  symmetrical 
or  unequally  cordate,  sometimes  kidney-shaped,  enlarged  at  the  base  with  equal  or  unequal,  either  converging  or 
diverging  lobes  ;  nerves  very  tliin,  radiate  from  the  base,  very  close  and  slender  near  the  margin  ;  surface  covered 
with  short  straight  hairs  about  a  line  long.  The  monography  of  Neuropteris  hirsuta  gives  a  satisfactory  reason  for 
the  new  name  adopted  for  this  species.  It  is  most  commonly  found  in  all  the  coal-basins  of  Pennsylvania,  especially 
in  the  upper  veins,  as  at  Salem  Vein,  Gate  Vein,  at  Pottsville,  &c.  We  think  that  a  few  of  the  species  examined 
and  described  by  authors  belong  to  this  species,  an  accurate  discrimination  of  them  becoming  impossible  when  the 
hairs,  which  appear  to  be  very  brittle,  have  disappeared. 

8.  Cyclopteris  orbicularis,  Brongt.,  Hist,  des  Veg.  Foss.,  i.,  p.  220,  t.  61.  fig.  12. — Leaves  nearly  round,  slightly 
cordate,  either  symmetrical  or  oblique  at  the  base  ;  nei'ves  very  distant  and  strongly  marked,  dichotomous. 
Room  Run  Mines,  above  Maucli  Chunk,  in  the  lowest  veins  of  anthracite.  It  appears  to  be  the  true  species 
described  by  M.  Brongniart,  but  does  not  resemble  at  all  its  synonyme  Adiantites  cyclopteris  of  M.  Goppert,  of 
which  the  nerves  are  numerous  and  close.  In  our  specimen  the  nerves  are  fully  one  hne  apart,  and  many  of  them 
more  distant,  a  little  turned  to  one  side.  Mr  Sternberg  has  described  the  rachis  thick  and  round.  We  do  not  know 
any  Neuropteris  which  might  be  related  to  this  species,  except  perhaps  our  Neuropteris  fissa,  Plate  III.  fig.  2,  of 
which  the  nerves  are  very  distant,  but  thinner,  and  which  has  the  leaflets  concave,  like  this  Cyclopteris. 

9.  Cyclopteris  Germari,  Gopp.,  Syst.  Fol.  Foss.,  p.  218,  Plate  VII.  fig.  1. — Leaves  enlarged  at  the  base,  sessile 
on  the  rachis  by  the  whole  base,  about  round  in  outline,  divided  into  two  parts,  the  upper  one  lobate,  with  the  lobes 
divided  in  from  three  to  five  lanceolate  Linear  acute  teeth  ;  the  lower  part  entire,  with  nerves  emerging  from  the 
base  along  the  rachis  ;  dichotomous,  distant,  thin  but  well  marked.  A  small  specimen  only  of  this  remarkable 
species  was  found  at  the  Salem  Vein,  Pottsville.  The  form  of  the  leaves  is  as  peculiar  as  the  manner  in  which  they 
are  attached  to  the  rachis,  which  is  thick  and  narrowly  striate.  It  is  not  possible  to  say  anything  more  about  this 
plant  until  we  find  some  better  specimens.  By  the  form  of  the  leaves  it  has  some  analogy  with  our  Neuropteris 
Desorii. 

III.  Neuropteris,  Brongt. — Frond  pinnately  or  bi-pinnately  divided  ;  pinnules  or  leaflets  cordate  or  nearly  so 
at  the  base,  scarcely  narrowed,  entire  or  cut-toothed,  free  or  scarcely  joined  to  the  rachis  by  their  whole  base,  and 
decurrent ;  nerves  oblique,  thinner  above,  eitlier  dichotomous  from  a  medial  nerve  which  disappears  above  the 
middle,  or  flabellate  and  dichotomous  from  the  base.  The  definition  of  this  genus  somewhat  ditVers  from  the  one 
adopted  by  authors.  The  description  of  our  species  will  show  the  reason  of  the  difference.  By  limiting  the  genus 
Neuropteris  to  the  species  having  a  medial  nerve,  Messrs  Goppert  and  Unger  have  been  compelled  to  make  difi'erent 
genera  with  different  leaves  of  the  same  plant  ;  and  M.  Brongniart  himself  necessarily  admits  in  the  genus  Neur- 
opteris many  species  which  have  no  traces  of  a  medial  nerve. 

\.  Neuropteris  Rogeri,  Lesq.,  Plate  VII.,  fig.  2. — Frond?  leaves  oval-lanceolate,  cordate  at  the  base,  margin 
entire  ;  nervules  flabelliform  and  dichotomous  from  a  scarcely-inflated  medial  nerve,  distant,  ver\^  slender  and  dis- 
tinct, very  arched  downwards,  and  then  turned  upwards  at  the  margin.  Gate  Vein,  near  Port-Carbon.  Considering 
the  leaves,  the  only  part  of  this  plant  that  we  have  been  able  to  find,  this  species  is  the  largest  and  the  most  beau- 
tiful of  all.  The  leaves  were  of  thin  texture;  the  nerves,  diverging  fan-like  and  very  arched  at  the  base,  are  forking 
or  dichotomous  in  ascending  from  a  medial  nerve  scarcely  more  thick  than  its  divisions.  The  nervules,  though 
thin,  are  nevertheless  strongly  marked,  and  twice  as  distant  from  each  other  as  in  the  following  species.  They 
approach  only  at  and  near  the  margin,  where,  changing  abruptly  their  direction,  they  are  cuiwed  upwards.  We 
have  found  many  specimens  of  this  species,  all  at  the  same  place,  without  any  stem  ;  they  preserve  well  their 
specific  characters.  We  have  dedicated  this  species  to  Professor  Henry  D.  Rogers,  State  Geologist  of  Penn- 
sylvania. 
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2.  Neuropteris  hirsiifa,  Lesq.,  Plate  III.  fig.  6,  and  Plate  IV.  figs.  1  to  16  ;  N.  cordate,  Brongt.,  Hist,  des  Veg. 
Foss.,  p.  229,  tab.  64,  f.  5  ;  Lind.  and  Hutt.  Foss.  Fl.  p.  119,  tab.  41  ;  N.  angustifolia,  Brongt.,  loco  cit.,  i.  p.  231, 
tab.  64,  f .  8  ;  N.  Scheuchxeri,  Holfm. ;  N.  aciitifolia,  Brongt.,  loco  cit.  i.  p.  231,  tab.  64,  figs.  3,  4. — Frond  bipin- 
nate ;  pinnules  trifoliate  or  simple  ;  upper  leaflets  cordate  at  the  base,  lanceolate,  acute  or  obtuse,  sometimes  irre- 
gularly lobed ;  all  with  a  strong  medial  nerve  disappearing  above  the  middle  ;  nervules  furcate,  very  arched  ; 
pinnules  of  the  base  kidney-shaped,  or  roimd,  or  oval,  much  smaller,  with  the  nerves  fan-like  and  dichotomous 
from  the  base,  without  any  medial  nerve  ;  surface  of  the  leaves  more  or  less  hairy.  The  essential  character  of 
this  variable  species  was  first  observed  by  Mr  Bunbirry,  and  mentioned  in  his  description  of  the  fossil  plants  of 
Nova  Scotia, — viz.,  the  short  hairs  scattered  on  the  surface  of  the  leaves.  We  have  scarcely  seen  a  well-pre- 
served specimen  on  which  these  hairs  were  not  observable  with  a  lens.  They  appear,  nevertheless,  to  have  been 
brittle,  and  easily  falling  off ;  for  sometimes  there  are  only  a  few  of  them  left  on  some  part  of  a  leaf,  and  sometimes 
they  are  numerous  on  the  whole  surface.  This  species  is  the  most  common  of  all  in  the  coal-fields  of  Penn- 
sylvania, from  the  lowest  veins  to  the  highest;  and  we  have  frequently  had  an  opportunity  of  studying  it  where  its 
remains  were  the  only  ones  preserved.  The  short  petioles,  by  which  the  leaflets  are  attached  to  the  common 
rachis,  have  a  peculiar  structure.  Being  enlarged  on  the  stem  and  pointed  above,  they  stand  on  the  rachis, 
ordinarily  deprived  of  its  leaves,  exactly  like  thorns — Plate  IV.,  figs.  15  and  16.  The  jDoint  of  attachment  of  the 
leaves  was  so  slender  and  brittle  that  we  very  seldom  find  any  of  the  pinnules  attached  to  the  stem.  We 
have  seen  them  in  this  state  only  once  or  twice,  among  many  thousand  specimens  that  have  come  under  exami- 
nation. It  is  easy  to  follow  the  mutations  of  the  form  of  the  leaves  and  leaflets  in  our  Fourth  Plate  ;  the  basilar 
leaflets  being  indicated  from  N.  fig.  6  to  the  Cjjclopteris,  figs.  13,  14.  But  the  most  remarkable  of  these  transforma- 
tions occurs  in  some  of  the  upper  leaflets,  Plate  IV.,  figs.  1  to  5.  Near  the  summit  of  the  pinnfe,  the  pinnules 
become  simple,  narrowly  lanceolate  (in  wliich  case  they  belong  to  Neuropteris  angustifolia,  Brongt.),  and  there  they 
are  sometimes  cut  in  many  lobes,  either  to  the  base  or  to  the  middle,  preserving  ordinarily  a  medial  nerve  in  each 
di\-ision.  The  basilar  leaflets,  also,  are  sometimes  diversely  lobed,  but  they  preserve  always  the  flabellifonn 
nerves  diverging  from  the  base,  without  any  trace  o^a  medial  nerve.  By  following  the  series  of  transformations 
figured  on  Plate  IV.,  it  is  easy  to  identify  the  genus  Neuropteris  with  Cyclopteris,  as  we  have  indicated  above. 
We  have  observed  an  analogy  of  form  in  the  leaflets  and  some  of  the  varieties  above  mentioned  in  Angiopteris 
erectus,  Hoftm.,  of  which  we  have  seen  beautiful  specimens  in  the  collection  of  Professor  Asa  Gray  of  Cambridge. 
Neuropteris  Scheuchxeri,  Hofi'm.,  sent  to  M.  Brongniart  from  Wilkesbarre,  belongs  probably  to  this  species  also  f 
nevertheless,  we  have  never  seen  a  leaflet  with  the  petiole  attached  to  it  as  it  is  figrn-ed  by  this  eminent 
author.  The  stems  of  this  fern,  narrowly  ribbed  but  smooth,  are  sometimes  very  large ;  the  one  figi;red,  Plate 
IV.,  fig.  16,  was  3  feet  long,  and  3  inches  broad;  we  saw  it  in  the  roof  of  an  upper  vein  at  Johnstown.  We 
have  seen  still  larger  ones  in  the  roof  of  the  coal-seam  mined  at  Pomroy. 

3.  Neuropteris  Clarksoni,  Lesq.,  Plate  VI.,  fig.  1. — Stems  iiTCgularly  bipinnately  branching  ;  pinnules  simple, 
broadly  lanceolate  above,  cordate  or  irregularly  auriculated  and  hastate  at  the  base,  by  the  inferior  lobe  being  more 
or  less  elongated  ;  terminal  pinnule  lance-shaped,  equally  bilobed  in  the  middle  ;  nervules  dichotomous,  distinct, 
strongly  marked  from  a  thick  medial  nerve  which  ascends  nearly  to  the  summit.  Collection  of  Mr  Clarkson  at 
Carbondale,  where  beautiful  specimens  of  this  species  are  preserved.  This  species,  named  in  honour  of  Mr 
Clarkson,  is  somewhat  related  to  Neuropteris  auriculata,  Brongt.  ;  but  it  differs  much  from  it  by  its  thick  and 
nearly  continuous  medial  nerve,  and  by  the  outline  of  the  upper  leaflet,  which  has  exactly  the  same  form  in  all 
the  specimens  that  we  have  seen.  We  would  have  admitted  Neuropteris  acutifolia,  Brongt.,  as  being  probably  a 
synonym  of  this  species  ;  but  the  airthor  describes  it  with  nerves  very  thin  and  close, — a  character  better  agreeing 
with  Neuropteris  hirsuta,  this  species  having  the  nerves  thicker  and  more  distant.* 

4.  Neuropteris  jissa,  Lesq.,  Plate  III.,  fig.  2. —  Frond  (?)  Pinnule  oval,  truncate  at  the  base  or  cordate,  with 
undulate  margins  ;  nerves  dichotomous  from  a  medial  nerve,  very  distant  and  slender.  Gate  Vein  at  Pottsville. 
We  have  only  the  broken  leaflet  figured  on  Plate  III.  But  this  species  is  very  peculiar  and  chstinct  by  the  dis- 
tance of  its  undulate  and  scarcely-arched  nerves  obliterate  above.  The  leaflet  is  concave,  and  the  medial  nerve 
appears  to  have  been  split  by  pressure.  Its  general  outline  is  like  Neuropteris  ingens,  Lind. ;  but  in  this  species 
the  nervules  are  thin  and  close,  and  in  one  species  they  are  more  than  one  line  apart.  Its  affinity  to  Cyclopteris 
orbicularis  is  indicated,  p.  856. 

5.  Neuropteris  smilacifolia,  Sternb.,  Vers.,  i.  pp.  29,  35  ;  N.  acuminate,  Brongt. — Frond  pinnate,  pinnules 
alternate,  opijosite,  petiolate,  oblong  acuminate,  entire,  from  a  slightly  cordate  base  ;  nerves  very  thin  and  close, 
scarcely  discernible.    A  single  leaf  of  this  species  was  found  at  an  old  shaft  S.W.  of  Shamokin. 

6.  Neuropteris  plicata,  Sternb.,  Vers.,  i.  p.  16  ;  ii.  tab.  19,  figs.  1,  3. — Frond  pinnate  or  bipinnate  ;  pinnules 
alternate,  close  to  each  other,  ovate-acute,  with  a  cordate  base,  the  inferior  lobe  longer  or  extended,  the  margins 
undulate-plaited  ;  stem  round ;  medial  nerves  very  slender  ;  nervules  nimierous,  arched,  dichotomous.  Salem 
Vein,  Pottsville.  We  would  have  admitted  this  species  as  a  variety  of  Neuropteris  undulata,  but  for  the  nervules, 
which  are  finer  and  closer  than  in  any  other  species  of  this  division.  We  have  figured  Plate  XX.,  fig.  4,  the  only 
specimen  that  we  have  found.  We  do  not  see  any  difference  between  this  species  and  Neuropteris  obovata  of  the 
same  author. 

*  The  analogy  of  this  species  with  our  living  fern  Cassebiera  hastate,  from  Cape  of  Good  Hope,  is  tnily  remarkable.  The  leaflets, 
both  basOar  and  terminal,  have  the  same  variety  of  form  and  the  nervation  is  alike. 
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7.  Neuroptcris  Jlexuosa,  Broiigt.,  Hist,  des  Veg.  Foss.,  i.  p.  239,  tab.  65,  figs.  2,  3  ;  and  tab.  68,  fig.  2. —  Frond 
bipimiate,  with  long  lanceolate-linear  pinnje  ;  pinnules  closely  placed  on  the  racliis,  and  their  margins  either  con- 
tinuous or  imbricated,  oblong,  obtuse,  very  entire ;  the  slightly  cordate  base  parallel  to  the  rachis,  and  the  in- 
ferior lobe  more  or  less  dilated  ;  terminal  pinnule  oval,  angular,  narrowed  at  the  base  ;  nervules  very  slender, 
arched,  dichotomous  from  a  medial  nerve  vanishing  above  the  middle.  Found  everywhere  in  the  whole  extent  of 
the  coal-basin,  especially  in  the  upper  veins.  This  species  is  very  variable  in  the  outline  of  its  leaves  ;  but  it  has 
always  the  inferior  lobe  of  the  pinnules  more  or  less  dilated.  It  is,  in  many  of  its  parts,  so  very  like  Neuropteris 
Loschii  that  we  much  doubt  if  the  species  are  not  identical,  this  last  one  being  the  upper  part  of  tlie  frond  of 
Neuropteris  undulata. 

8.  Neuropteris  Loschii.,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  242,  tab.  73. — Frond  bipinnate  ;  pinniB  sessile, 
nearly  opposite  or  alternate,  open,  linear,  lanceolate ;  pinnules  alternate,  close,  or  distant,  cordate-oval,  very 
entire  ;  the  terminal  leaflet  rhomboidal,  and  angular  below  the  middle,  larger  than  the  lateral  ones  ;  medial 
nerve  very  slender,  and  nervules  like  the  former  species.  See  fig.  3,  Plate  XX.  Our  figure,  which  represents 
tlie  ujiper  part  of  a  frond,  shows  how  variable  the  pinnules  are  in  their  form. 

9.  Neuropteris  rotundifolia,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  238,  t.  70,  fig.  1. — Frond  bipinnate  ;  pinnules 
very  close  to  each  other,  and  imbricated  on  the  margins,  round,  oval,  veiy  obtuse  above,  short ;  medial  nerve  and 
nervules  like  the  former.  Gate  Vein,  Pottsville.  Perhaps  a  vatiety  of  Neuropteris  Jlexuosa,  from  which  it  differs 
only  by  the  shorter,  broader,  and  more  obtuse  leaflets,  placed  closer  to  each  other  on  the  rachis. 

10.  Neuropteris  tenuifolia,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  241,  t.  72,  fig.  3. — Frond  bipinnate ;  pinnae  long 
and  linear ;  pinnules  alternate,  sessile,  oblong,  slightly  narrowed  and  obtuse  above,  cordate  at  the  base ;  the 
terminal  one  lanceolate,  long,  nearly  pointed,  angular  near  the  base  ;  medial  nerve  well  marked,  like  the  arched, 
dichotomous,  and  slender  nervules.  Shamokin,  at  a  coal-bed  west  of  the  village.  The  tenninal  leaflet,  by  its 
lanceolate  form,  is  chai'ucteristic  of  this  species.    The  nervation  is  also  peculiar.   Vide  Ci/clopteris  elegans,  p.  856. 

11.  Neuropteris gigantea,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  240,  t.  69. — Frond  bipinnate;  pinnae  nearly  opposite, 
distant ;  pinnules  alternate,  sessile,  oblong-obtuse,  very  euiire,  with  a  cordate,  equal  base  ;  medial  nerve  thin ; 
nervules  numerous  and  thin,  arched,  forking.  This  species  has  been  often  mentioned  as  commonly  found  in  the 
coal-basins  of  Pennsylvania.  We  do  not  doubt  but  that  it  has  been  confounded  with  Neuropteris  undulata  and 
N.  Loschii.  The  only  specimen  of  this  species  that  we  ever  saw  in  the  coal-fields  of  America  is  in  the  possession 
of  Dr  Howard  of  Columbus,  and  had  been  found  at  Zanesville,  Ohio. 

12.  Neuropteris  Grangcri,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  237,  t.  68,  fig.  1. — Frond  bipinnate  ;  pinna; 
alternate,  long,  open,  or  slightly  recurved  ;  pinnules  alternate,  scarcely  contiguous,  ordinarily  distant,  oval, 
slightly  enlarged  at  the  base ;  nervules  strongly  marked,  dichotomous,  arched.  A  very  fine  species,  related  to 
Neuropteris  Loschii,  but  easily  distinguished  by  its  oval  leaflets,  scarcely  enlarged  at  the  base,  and  by  its  fine  and 
deeply-mai'ked  nervules.  By  its  nervation  it  differs  from  the  following  species,  to  which  Mr  Brongniart  thinks  it 
might  be  allied.    Very  scarce  in  the  anthracite  coal-basins.    Found  once  at  Gate  Vein,  Pottsville. 

13.  Neuropteris  Cistii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  238,  t.  70,  fig.  3. — Frond  bipinnate  (?)  ;  pinnules 
distant,  oval,  cordate  above  the  base,  and  narrowed  into  a  short  broad  petiole  ;  nervules  distant,  thin,  flattened, 
forking  only  twice.  Gate  Vein  at  Port  Carbon — scarce.  A  species  easily  distinguishable  by  its  leaflets  borne 
on  a  broad  base,  and  enlarged  above. 

14.  Neuropteris  delicatula,  Lesq.,  Plate  XX.  fig.  2. — Frond  bipinnate ;  pinna;  lanceolate,  short;  pinnules  oblong, 
attached  to  the  broad  flattened  rachis  by  then-  whole  base,  and  slightly  decurrent ;  nervnles  distinct,  flabellate, 
dichotomous,  arched,  thin,  and  close ;  rachis  slightly  winged,  flexuous.  Salem  Vein  at  Port  Carbon.  Though 
we  do  not  like  to  increase  the  number  of  the  species,  and  to  admit  any  new  one  wtliout  being  acquainted  with 
it  by  the  inspection  of  many  specimens,  we  cannot  hut  notice  the  small  branch  figured  here  ;  its  nervation  and 
the  decurrent  leaves  on  a  broad  nearly  winged  rachis  is  totally  diflerent  from  all  the  other  Neuropteri  of  this 
section. 

15.  Neuropteris  Willersii,  Brongt.,  Hist,  des  Veg.,  Foss.  i.  p.  233,  t.  64,  fig.  1.  Plate  III.  fig.  3. — Frond 
bipinnate  ;  pinnules  obliqiiely  placed,  oblong,  obtuse  on  one  side ;  nearly  perpendicular,  longer,  oblong,  lanceolate, 
acute  on  the  other  ;  nerves  flabelliform,  dichotomous,  crenate,  slender,  distinct  and  distant ;  rachis  round,  striate. 
Gate  Vein,  Pottsville.  By  the  form  of  the  leaves,  longer  on  one  side,  shorter  on  the  other,  this  species  agrees 
with  Messrs  Brongniart's  and  Sternberg's  figure  and  descriptions.  We  have  nevertheless  some  doubt  about  the 
identity,  on  account  of  the  peculiar  nervation  of  this  plant.  Though  very  distinct  and  deeply  marked,  the  nerves 
are  thin  and  distant,  and  not  at  all  thickened  at  the  base ;  neither  close  on  the  margins,  as  these  eminent  authors 
have  described  their  plant.  The  terminal  leaflet  appears  very  large  ;  hnt  it  is  broken  through  the  middle  in  the 
only  specimen  that  we  have  found,  and  we  could  not  see  its  form. 

16.  Neuropteris  gibhosa,  Lesq.,  Plate  V.  fig.  3. — Frond  bipinnate  ;  pinnules  nearly  opposite,  equally  cordate 
at  the  base ;  oblong,  obtuse,  with  the  margins  deeply  and  irregularly  sinuate  ;  nervales  flabellate,  dichotomous, 
very  slender,  close,  and  distinct.  Salem  Vein,  Pottsville.  A  fine  species,  somewhat  relative  to  Neuropteris 
jlexuosa,  but  differing  by  its  nerves,  being  thinner,  closer,  and  flabellate,  without  any  medial  nerve,  by  the  leaflets 
opposite,  and  the  rachis  round  and  inflated  at  the  articulations  of  the  leaves.  At  the  base  of  some  leaflets  there 
are,  between  the  nerves  and  following  exactly  their  direction,  some  sliort,  narrow  depressions  or  holes,  which,  by 
their  form  and  their  symmetry,  appear  to  have  been  of  an  organic  nature.  We  could  not  ascertain  whether  they 
are  not  possibly  the  impressions  of  the  fructification  of  these  plants.    These  depressions  are  entirely  naked. 
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17.  Neuropteris  undans,  Lesq.,  Plate  V.,  figs.  1  and  2. — Frond  bipinnate  ;  pinnules  either  large,  2  inches  long 
and  more,  lanceolate,  attenuate  at  the  base,  with  the  margins  deeply  undulate,  plaited ;  or  small,  oblong, 
undulate,  with  a  terminal  pinnule,  much  larger  and  lance-shaped,  obtuse,  undulate,  lobate,  or  angular  below  the 
middle  ;  nerves  tiabellate,  arched,  dichotomous,  very  thin,  and  close  on  the  margin,  inflated  near  the  base.  Gate 
Vein,  Middleport.  This  species  is  the  same  as  Ct/clopteris  undans.  Vide  p.  855.  The  pinnules  of  fig.  9  are  very 
small ;  but  as  the  general  outline  is  the  same,  and  the  nervation  alike,  we  had  no  reason  to  separate  it,  the  less 
so  as  this  species  offers  us  so  many  changes  of  form. 

18.  Neuropteris  crenidata,  Brongt.,  Hist,  des  Veg.  Foss.,  i.,  p.  234,  t.  64,  fig.  2. — Frond  pimiate  ;  pinnules 
alternate,  sessile,  oval-obtuse,  denticulate,  with  an  unequally  truncate  obtuse  base  ;  nervules  furcate,  slightly 
arched,  distant  and  slender,  from  a  slender  medial  nerve.  We  have  found  a  single  leaf  of  this  species  at  the 
Salem  Vein,  Pottsville  ;  but  it  is  so  well  characterised  by  its  distant,  sUghtly-arched  nerves,  and  its  very  small 
round  teeth  around  the  leaf,  that  we  have  no  doubt  about  the  identity  of  this  species  with  the  European  one. 
—Vide  Plate  V.,  fig.  6. 

19.  Neuropteris  tenuinervis,  Lesq.,  Plate  V.,  figs.  7  and  8. — Frond  bipinnate ;  pinnules  oval  or  oblong,  with 
undulate  margins,  sometimes  irregularly  toothed  at  the  summit,  either  regularly  cordate  at  the  base,  or  attenuate 
in  a  short  broad  petiole ;  nerves  very  thin,  flabellate,  dichotomous  from  the  base,  slightly  arched,  equal,  not 
inflated  below ;  rachis  round,  and  narrowly  striate.  Gate  Vein,  Pottsville.  There  are  in  this  species  two 
characters  which  separate  it  from  every  other  of  this  class  ;  the  form  of  the  leaflets,  which  is  very  ii-regular  and 
abnormal ;  and  a  very  slender,  deep,  straight  medial  nerve,  which  looks  neaily  like  a  cleft  along  the  pinnules, 
dividing  them  in  two.  This  character  enables  us  to  identify  both  paiis  of  this  plant,  figs.  7  and  8,  which  at  first 
would  appear  as  belonging  to  different  species.  Tliis  medial  nerve  is  perfectly'  equal  in  its  whole  length,  and 
ascends  nearly  to  the  summit.  This  species  has  some  analogy  of  form  with  Odontopteris  subcuneata,  Bunb. 
[Description  of  the  Fossil  Plants  of  Nova  Scotia)  ;  but  our  species  has  the  ner\'ules  evidently  arched,  and  is  a  true 
Neuropteris. 

20.  Neuropteris  dentata^  Lesq.,  Plate  V.,  figs.  9  and  10. — Frond  pinnate;  pinnules  slightly  cordate,  or  irregu- 
larly truncate  at  the  base  ;  oval-lanceolate  in  outline,  with  the  margins  irregularl}^  cut-toothed  and  lobed  ;  nerves 
flabellate,  dichotomous,  arched,  deeply  marked,  but  very  thin  and  close.  Very  scarce  :  found  at  Salem  Vein,  Port 
Carbon.  This  fine  species  has  the  most  slender  and  narrow  nerves  of  all.  We  have  only  a  small  part  of  a  pinnse, 
fig.  9,  and  probably  a  terminal  leaflet,  fig.  10. 

21.  Neuropteris  Desorii,  Lesq.,  Plate  V.,  figs.  11  and  12,  and  Plate  XX.,  figs.  5,  6,  7,  8. — Frond  bipinnate  ; 
pinnules  opposite,  either  oblong,  oval,  or  obovate  ;  entire,  or  irregularly  laciniate  and  lobate,  with  the  lobes  some- 
times pinnately  divided  in  long  and  linear  teeth;  nerves  flabellate,  dichotomous,  very  thin  above,  thickened  at  the 
base.  Salem  or  Gate  Vein,  West  Wood.  This  species  is  certainly  the  most  polymorphous  in  the  whole  class 
of  Neuropteris.  Though  we  have  seen  oidy  the  fragments  figured,  we  do  not  doubt  that  all  belong  to  the  same 
species.  Not  only  the  nervation  is  alike,  and  all  the  varieties  have  been  found  on  the  same  slates,  but  the  ana- 
logy of  form,  and  the  transitions  between  them,  are  easily  appreciable.  As  it  happens  in  this  section  of  Neurop- 
teris., the  leaflets  at  the  upper  part  of  the  pinnas  become  adherent  to  the  rachis  by  their  whole  base,  and  are 
nearly  decurrent  and  often  contiguous.  In  this  state  the  plant  is  very  like  the  following  one  {vide  figs.  11 
and  12),  but  it  differs  always  from  it  by  its  thinner  and  less  distinct  nerves.  We  have  dedicated  this  beautiful 
species  to  our  excellent  friend  Professor  Desor,  at  one  time  actively  engaged  in  the  geological  survey  of  Peimsyl- 
vania. 

22.  Neuropteris  heterophylla.,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  243,  t.  71,  72. — Frond  large,  many  times  pin- 
nately divided  ;  interior  pinnse  linear,  sessile,  the  exterior  ones  bipinnate,  petiolate,  much  longer ;  pinnules  oval, 
or  nearly  round,  obtuse,  very  entire,  with  a  cordate  equal  base,  terminal  leaflet  oblong,  and  much  larger,  medial 
nerve  slender,  nervules  arched,  dichotomous,  distinct.  It  would  be  useless  to  enimierate  all  the  forms  and  varie- 
ties of  this  species  commonly  found  in  the  upper  veins  of  the  Anthracite  Coal-basin  at  Pottsville,  Westwood, 
New  Philadelphia,  &c.  &c.  The  large  frond  is  ordinarily  three  times  divided ;  the  last  divisions  or  leaflets  are 
either  long  and  pinnately  lobed,  with  the  lobes  separate  nearly  to  the  base,  or  united  in  their  whole  length ;  either 
simple,  lanceolate,  obtuse,  or  slightly  acute,  with  two  sroall  round  leaflets  at  the  base.  The  strongly-marked 
nei-ves  are  characteristic  of  this  species.  One  of  our  varieties  presents  exactly  the  form  of  Neuropteris  Brongniarti, 
Sternb.  It  is  distinguished  by  the  longer,  lanceolate,  obtuse  leaflets,  sometimes  slightly  acute,  either  single,  or  with 
two  small  round  leaflets  at  the  base.    This  is  the  common  form  of  the  species  in  the  upper  part  of  the  fronds. 

23.  Neuropteris  minor,  Lesq.,  Plate  III.,  fig.  4. — Frond  bipinnate;  pinna?  short,  linear,  sessile  on  a  thick, 
striate,  round  rachis,  pinnatifid  ;  pinnules  oval,  sessile,  either  separate,  or  united  in  the  upper  part  of  the  pinna? ; 
terminal  leaflet  very  small,  oval ;  nerves  tliick,  obsolete,  bifurcate.  Found  at  Tamaqua  by  Desor.  Except  the 
form  of  the  rrpper  leaflet  and  its  size,  this  species  agrees  with  Neuropteris  microphylla,  Brongt.  The  texture  of 
the  leaflets  appears  to  have  been  thick ;  their  surface  is  rmdulate  and  sometimes  entirely  smooth,  the  veins  being 
indistinctly  traced  by  the  swelling  of  the  parenchyma  between  them. 

24.  Neuropteris  rarinervis,  Bimb.  Quart.  Jour.  Geol.  Soc,  vol.  iii. — Frond  bipinnate;  j^nna^  long  and  linear, 
sessile,  alternate  ;  pinnules  alternate,  contiguous,  oval,  obtuse,  slightly  scythe-shaped,  nearly  cordate  at  the  base, 
with  the  exterior  lobe  slightly  extended ;  terminal  pinnule  deltoid,  nearly  trilobate.  Superior  pinna;  simple, 
linear  lanceolate,  with  xmdulate  margins,  medial  nerve  distinct ;  ner-\Tiles  distant,  bifurcate.  Collection  of  Mr 
Clarkson,  Carbondale.  As  Mr  Bunbury  observes,  this  species,  in  the  form  of  its  pinnules,  is  near  Neuropteris  Loschii 
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and  Neuroptcris  undulata ;  but  differs  from  botli  by  its  round  narrow  secondary  racliis  and  its  distant  nen'es.  The 
nervules  branch  once  only  near  their  base — and  the  one  division  is  simple  ;  the  other  branches  a  second  time 
near  the  margin. 

25.  Ncuropteris  Moorii,  Lesq.,  Plate  XIX.,  fig.  1. — Frond  bipinnate  ;  pinnse  nearly  opposite,  half  open ; 
pinnules  alternate,  ovate,  slightly  acute,  entire,  sessile  by  their  whole  base,  and  somewhat  contiguous ;  nervxdes 
emerging  either  from  the  medial  nerve,  or  from  the  rachis,  furcate  ;  primary  rachis  thick,  smooth,  winged  by  some 
pinnules  of  the  same  form  attached  to  it.  Found  near  Greensburg  by  the  Rev.  Mr  Moore,  in  whose  cabinet  we 
were  permitted  to  study  it.  A  beautiful  species,  remarkable,  like  the  following,  for  the  leaflets  being  attached  on 
the  common  rachis,  and  by  the  nerves  emerging  from  the  whole  base  of  the  pinnules.  This  character  would  be 
sufficient  to  separate  these  species  into  a  peculiar  genus,  intermediate  between  Odontopteris  and  Neuropteris. 

26.  Neuroptcris  adiantites,  Lesq.,  Plate  XX.,  fig.  1. — Frond  bipinnate;  pinnules  nearly  decurrent  on  a  slender 
rachis,  oval,  obtuse  ;  inferior  pinnules  decurrent  on  the  primary  rachis  ;  nerves  dichotomous,  distinct.  We  have 
only  the  upper  part  of  a  pinna  found  at  South  Salem  Vein,  Pottsville.  It  has  a  great  affinity  with  the  former,  differ- 
ing only  by  the  thin  rachis,  and  the  oval  form  of  the  leaflets,  of  which  the  terminal  one  is  very  small.  The  vein- 
lets  are  branching  from  a  medial  nei-ve,  and  dichotomous. 

IV.  Odontopteris,  Brongt. — Frond  bi-tripinnately  branching,  pinnules  attached  to  the  rachis  by  the  entire  base, 
oval,  acute,  or  obtuse,  thick  ;  medial  nerve  slightly  marked,  nervvdes  either  simple  or  furcate,  some  of  them  rising 
from  the  rachis.  The  form  of  the  leaves,  as  well  as  the  nervation  of  many  of  the  species  of  Odontopteris,  evidently 
relates  this  genus  to  the  former.  Sometimes  this  relation  is  so  near,  that  it  is  difficult  to  find  any  generic  character 
to  authorise  the  separation.  Sometimes,  also,  as  in  the  instance  of  Odontopteris  Schlotheiinii,  this  affinity 
totally  disappears  ;  hence  a  sectioning  of  this  genus  would  be  easy,  and  perhaps  opportune.  The  first  section 
would  contain  the  species  of  which  the  nerves  are  close,  flagellate,  dichotomous,  differing  from  the  Neuropteris 
only  by  the  straight  direction  of  the  nervules.  To  the  second  division  would  belong  the  species  with  distant  and 
scarcely  branching  nerves,  some  of  them  rising  from  the  base  or  from  the  rachis  ;  and  in  this  section,  we  think, 
tlie  two  last  species  of  Neuropteris  would  take  their  place,  as  well  as  some  of  the  Adiantites  of  M.  Goppert. 

1.  Odontopteris  squamose,  Lesq.,  Plate  XIX.,  figs.  2  and  2  5.— Frond  tripiimate ;  pinnae  long,  lanceolate  ;  pinnules 
oblong,  oval,  obtuse,  the  terminal  one  smaller,  oval,  lanceolate,  acute  ;  nervules  thin,  but  very  distinct,  flabellate, 
dichotomous,  straight ;  surface  of  the  leaves  ordinarily  covered  with  a  coat  of  scales.  At  first  this  species  appears 
identical  with  Odontopteris  obtusa,  Brongt.,  but  by  a  close  examination  it  is  found  to  differ  in  many  essential  char- 
acters. As  may  be  seen  by  the  unfolded  stem,  the  plant  is  tripinnate  ;  the  leaflets  are  longer  and  narrower,  the 
layer  of  scales  which  covers  the  siirface  falls  easily,  and  below  it  the  nervules  appear  naked  or  strongly  marked, 
though  thinner  than  in  0.  obtusa.  A  scarce  plant ;  found  at  South  Salem  Vein,  Pottsville.  Its  analogy  A\dth  Cyclop- 
teris  laciniata,  is  indicated,  p.  855. 

2.  Odontopteris  Brardii,  Brongt.  {?)  Hist,  des  Veg.  Foss.,  i.  p.  252,  t.  75  and  76.  — Frond  bipinnate ;  pinna*  nearly 
opposite,  and  sessile  distant ;  pinnules  alternate,  united  together  at  the  base,  oval,  oblong,  acute,  eutire,  slightly 
scythe-shaped,  nerves  very  numerous,  furcate,  racliis  round.  We  refer  with  doubt  to  this  species  a  small  specimen, 
No.  149  of  the  collection,  which  is  very  indistinct ;  it  looks  hke  a  superior  pinna,  and  has  the  pinnules  slightly 
obtuse.    Gate  Vein,  Westwood.    A  very  scarce  species  in  America,  if  present  at  all. 

3.  Odontopteris  cremdata,  Brongt.,  Hist,  des  Veg.  Foss.,  ix  254,  Plate  78 ;  N^europteris  serrata,  Stemb., 
Vers.  2,  p.  76. — Frond  pinnate;  pinnules  alternate,  lanceolate,  acute,  scythe-shaped,  lobate,  seirate  ;  medial  nerve 
slightly  marked,  nervules  very  thin,  slightly  arched,  emerging  from  the  striate  rachis.  Tremont  New  Vein.  Our 
specimen,  tliough  small,  agrees  well  with  ]\I.  Brongniart's  figui-e  and  description.  It  has  a  near  affinity  to  our  Neu- 
ropteris dentata,  but  evidently  differs  by  the  thin  nervules  being  nearly  straight,  and  rising  from  the  racliis. 

4.  Odontopteris  Schlotheimii,  Brongt,  Hist,  des  Veg.  Foss.,  i.  p.  256,  t.  78,  fig.  5. — Frond  tripinnately  branch- 
ing; inferior  divisions  pinnate,  with  the  pinnules  alternate,  nearly  round,  or  half  round,  entii-e,  joined  at  the  base  ; 
nei-vules  thick  and  far  distant,  rising  from  the  rachis,  and  nearly  perpendicular  to  it ;  simple  or  furcate  once  only; 
superior  di\'isions  simple,  with  ovate,  oblong,  obtuse  pinnules,  twice  as  large,  nerves  dichotomous  and  slightly  arched. 
Upper  veins  of  the  Anthracite  coal,  Salem  Vein,  at  Pottsville,  New  Vein  at  Tremont. 

This  species,  we  think,  is  the  same  as  the  one  described  by  M.  Goppert,  in  his  Genera,  5,6,  tab.  6,  and  also 
the  same  as  M.  Brongni.art's,  though  he  says  the  nerves  are  very  narrow  and  close  [tenuissimi  and  approximati).  This 
plant  is  very  variable,  either  in  the  disposition  and  the  size  of  the  nerves,  or  in  the  form  of  the  leaflets.  Our  fig., 
Plate  VII.,  shows  the  upper  part  of  a  pinna,  of  which  the  superior  pinnules  have  the  fonn  of  a  Neuropteris.  On  the 
inferior  pinnaj,  the  short,  half  round,  and  sessile  leaflets,  have  only  a  few  nervules,  thick,  distant,  straight,  and 
scarcely  branching ;  on  the  superior  pinnules  the  nerves  are  flabelliform,  dichotomous,  slightly  arched,  and  much 
closer.  W^e  have  seen  on  one  of  our  specimens  the  round,  thickened,  or  inflated  leaflets  indicated  by  ]\I.  Goppert, 
as  the  fructifications  of  this  plant.  We  think  the  appreciation  of  tliis  able  paloeontologist  is  coiTect.  As  it  occurs 
with  the  ferns  of  this  class,  the  fertile  plant  is  separate,  and  has  a  different  appearance  from  the  sterile  one.  In 
this  species  the  primary  rachis  of  what  we  think  the  fertile  form  is  much  thicker,  deeply  striate,  with  the  branches 
attached  perpendicularly,  and  sometimes  recurved ;  some  of  the  leaflets,  round  and  inflated,  do  not  present  any 
trace  of  nerves,  but  only  concentric  lines  ;  others  of  them  are  flattened,  and  have  the  normal  nervation. 

5.  Odontopteris  dubia,hesq. — Frond  (?)  pinnule  oval,  lanceolate,  entire  on  one  side,  pinnately  divided  on  the  other 
in  three  lobes,  wliicli  are  nearly  distinct  to  the  base,  and  oval ;  nerves  numerous,  slender,  distinct,  dichotomous. 
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We  give  under  this  name  the  description  of  a  small  specimen  found  at  the  Gate  Vein,  Pottsville,  which  may 
belong  to  some  Odontopteris  already  described,  either  0.  obtusa  or  0.  Sternbergii,  Gopp.  It  nevertheless  differs 
apparently  from  both  by  the  section  of  the  leaflet  on  one  side,  the  other  side  being  entire  and  undulate — possibly 
one  of  those  anomalies  so  often  remarked  in  this  genus,  and  only  accidental. 

V.  Dyctiopteris,  Gutb. — Frond  bipinnate,  pinnae  linear-oblong ;  pinnules  sessile,  oval-oblong,  slightly  and 
equally  cordate  at  the  base,  obtuse  and  oblique,  or  a  little  scythe  -  shaped  upwards  ;  medial  nerve  disappearing 
above  the  middle ;  ner\iiles  much  branching  and  reticulated  by  their  divei'ging  divisions.  At  first,  by  the  reti- 
culation of  the  nerves,  this  genus  does  not  appear  to  belong  to  this  class,  but,  by  following  the  ramifications  of 
the  nerves,  it  is  easily  seen  that  it  is  identical  with  the  nervation  of  a  Neuropteris,  with  a  diflerence  in  the  diver- 
gence of  the  nervules.  In.  many  cases,  especially  in  the  largest  leaves  of  our  only  species,  the  nerves  are 
scarcely  reticulated,  and  their  divergence  from  the  point  of  attachment  is  no  greater  than  it  is  in  a  Neurojiteris, 
and  such  leaves  may  easily  be  mistaken  for  those  of  this  genus. 

I.  Dyctiopteris  obliqua,  Bunb.,  Quart.  Jour.  Geol.  Soc,  vol.  iil — Frond  bipinnate,  pinnai  linear  ;  pinnules 
cordate  at  the  base,  oblong-obtuse,  slightly  narrowed  and  scythe-shaped  above  ;  very  deciduous,  and  attached  to 
the  rachis  by  the  base  of  the  medial  nerve,  which  ascends  only  to  half  its  length.  This  species  is  very  abundant 
in  both  the  lower  and  the  upper  beds  of  the  coal-basins  of  Pennsylvania  and  Ohio.  We  have  found  it  at  the  South 
Salem  Vein,  at  Pottsville,  and  also  at  Trevorton.  The  pinnules,  as  it  happens  with  many  species  of  Neuropteris, 
are  so  very  deciduous  that  they  are  scarcely  found  attached  to  the  rachis.  At  Trevorton  we  have  seen  a  thick 
bed  of  slates  entirely  formed  of  those  pinnules,  heaped  one  upon  another,  nearly  without  any  trace  of  other  fossil 
plants.  We  have  figured,  Plate  VIII.,  fig.  6,  a  jjart  of  a  pinna,  that,  we  think,  belongs  to  this  species,  in  spite  of 
the  great  difference  in  the  form  of  the  pinnules.  The  nervation  is  the  same  ;  such  branches  are  found  mixed 
with  the  pinnules  of  the  normal  form.  There  are  foimd  also  many  intermediate  forms,  and  so  we  cannot  admit  it 
as  a  peculiar  species.  The  medial  nerve  at  the  base  of  the  leaflet  is  the  mark  by  which  this  species  is  separated 
from  Dyctiopteris  Brongniarti,  Gutb.  Though  the  leaflets  are  ordinarily  scythe-shaped  in  the  American  plant,  this 
form  is  not  without  exception ;  it  is  also  remarkable  in  the  European  species  :  they  may  prove  identical. 

II.  Sphenopteride^. — Frond  bi-tripiunate  or  bi-tripinnatifid  ;  pinnules  sometimes  entire,  but  mostly  lobate, 
the  lobes  wedge-form  at  the  base,  dentate  or  diversely  divided ;  nerves  pinnate,  with  a  primary  nerve  more  or  less 
distinct  and  flexuous ;  secondary  nerves  obliquely  ascending,  either  simple  in  each  lobe  or  division,  or  dicho- 
tomous,  furcate  at  the  apex  ;  fructifications  pi;nctiform  or  marginal  This  definition,  nearly  translated  from 
Goppert's  and  lingers,  embraces  the  characters  of  this  class  of  ferns,  as  we  have  admitted  it;  but  we  have  never 
seen  on  any  of  our  specimens  a  trace  of  fructification,  and  we  can  assert  nothing  either  as  to  their  position  or  their 
form. 

I.  Sphenopteris,  Brongt. — Frond  bi-tripinnate,  pinnules  lobate,  wedge-form  at  the  base,  the  inferior  lobe 
ordinarily  larger.  Nei'ves  pinnate  ;  primary  nerve  more  or  less  distinct,  and  ascending  to  the  margin  (decurrent) ; 
flexuous,  secondary  nerves  dichotomous,  branching  two  to  three  times  in  each  lobe. 

1.  Sphenopteris  Darallia,  Gopp.,  Gatt.  Foss.  Flor.,  i.  p.  68,  t.  11,  fig.  23. — Frond  tripinnate  ;  secondary 
pinnae  alternately  placed,  linear,  close,  open  ;  the  inferior  ones  free  at  the  base,  the  superior  sessile  and  decurrent 
on  the  common  rachis,  six  to  ten  parted  ;  pinnules  or  lobes  cuneate,  round,  emarginate  above,  terminal  large  ; 
nerves  two  to  three  times  furcate  in  each  lobe.  Kenawha  Salines,  Virginia ;  presented  by  Dr  Hildretli,  from 
Marietta.  The  only  diff"erence  between  the  American  plant  and  the  species  described  by  M.  Brongniart  is  the 
greater  size  in  all  the  parts  of  our  plant.  The  frond  is  4  to  6  inches  long,  the  secondary  pinna  1^  inch,  with 
six  to  eight  ranges  of  larger  leaflets.  As  we  have  specimens  of  different  sizes,  this  difference  is  probably  acci- 
dental. 

2.  Sphenopteris  tenella,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  186,  t.  49,  fig.  1. — Frond  tripinnate,  pinnaj  and 
pinnules  alternate,  distant,  petiolate,  open  ;  pinnules  deeply  pinnatifid  ;  the  inferior  ones  with  two  to  three  pairs 
of  leaflets  ;  the  superior  ones  bi-trifid,  with  the  divisions  alternate,  linear-lanceolate,  acute,  nerves  i)innately 
branching,  rachis  filiform,  naked.    Gate  Vein,  Port  Carbon. — A  small  specimen. 

3.  Sphenopteris  Gravenhorsiii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  191,  t.  55,  fig.  3. — Frond  tripinnate,  with  a 
broad  and  flattened  rachis  ;  primary  pinna3  curved  downwards  ;  secondary  pinna3  lanceolate,  nearly  equal,  oblique 
on  the  slightly  marginate  rachis ;  pinnules  small,  oblique,  ovate,  three  to  five  lobed;  lobes  short,  bi-tri-toothed  nerves 
nearly  pinnately  forking.  Gate  Vein,  Westwood.  A  variable  species.  Sometimes  the  leaflets  are  longer,  and 
the  divisions  broader.  It  appears  to  be  common  in  the  bituminous  coal-basiu,  especially  in  Ohio.  There  are 
fine  specimens  of  it  in  the  beautiful  cabinet  of  Professor  Newberry. 

4.  Spheiiopteris  Dubuissonii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  195,  t.  54,  fig.  4. — Frond  bipinnate,  pinnae 
alternate,  open,  oblong-lanceolate,  deeply  pinnatifid ;  pinnules  sessile,  and  nearly  opposite,  united  at  the  base, 
short,  nearly  round,  three  to  four  toothed  at  the  apex.  Gate  Vein,  Port  Carbon.  In  the  American  form,  the  secondary 
pinnae  are  closer,  a  little  longer,  and  the  pinnules  of  the  base  ordinarily  five-lobed.  This  character,  and  the  scaly 
rachis,  would  place  it  with  Sphenopteris  Hoeninghausii,  Brongt.  {Hist,  des  Veg.  Foss.,  i.  p.  199,  t.  52).  But  the 
divisions  of  the  pinnules  are  enlarged  at  the  base,  sessile  by  their  whole  base,  and  united  together — {neither  separate 
nor  narrowed,  as  in  this  last  species). 

5.  Sphenopteris  abbreviata,  Lesq.,  Plate  IX,  fig.  1,  t.  1  b. — Frond  bipinnate,  pinna_^  alternate,  open,  short,  linear- 
lanceolate  ;  pinnulf  s  alternate,  sessile  by  the  whole  base,  obliquely  ovate  in  outline,  crenulate ;  nerves  pinnately 
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forked,  distinct,  ractis  broad  and  smooth.  Gate  Vein,  Port  Carbon.  The  pinnaa  are  perpendicular  to  the  rachis, 
as  in  Sphcnopteris  palentissima,  Gopp.,  which  our  species  resembles. 

6.  Sphenopteris  intermedia,  Lesq.,  Plate  VIII.,  fig.  8,  9,  9  a.  Frond  tripinnatifid,  rachis  smooth  and  slender, 
slightly  Hexuous,  secondary  pinn<e  linear-lanceolate,  deejjly  pinnatifid  ;  pinnules  oval,  decurrent,  joined  together 
by  their  base,  serrulate  at  the  summit ;  nerves  obsolete,  pinnately  forked  ;  nervules  simple.  Gate  Vein,  West- 
wood,  and  Tremont  New  Vein.  This  species  is  truly  intermediate  between  Sphenopteris  chcerophylloides,  Sternb., 
fi-om  which  it  differs  by  its  longer  secondary  pinnjE,  and  the  short  pinnules  united  half  their  length,  and  Pecop- 
ieris  athi/riodes,  Brongt.,  than  which  the  secondary  pinnai  are  a  little  longer.  There  is  also  a  slight  difference  in 
the  less  flexuous  nerves,  and  in  the  pinnules,  which  are  not  so  deeply  toothed  in  our  species  ;  nevertheless, 
the  affinity  between  them  is  so  great  tliat,  but  for  the  difference  in  their  geological  age,  we  would  have  admitted 
them  as  identical.    It  is  abundantly  found  in  the  anthracite  coal-fields  of  Pennsylvania. 

7.  Sphenopteris  flagellaris,  Lesq.,  Plate  XVIII.,  fig.  1. — Frond  bipinnatifid,  pinnae  long,  linear,  flexuous, 
slender,  pinnules  alternate,  oval,  with  a  broad  decurrent  base,  united  together,  crenulate ;  nerves  bifurcate.  South 
Salem  bed,  Pottsville.  A  species  related  to  the  former,  but  distinguished  from  it  by  its  long  flexuous  pinnae.  It 
has  also  some  affinity  with  Pecopteris  serra,  Lindley  and  Hutton. 

8.  Sphenopteris  pUcata,  Lesq.,  Plate  IX.,  fig.  3. — Frond  bipinnatifid  (?),  pinnae  long,  linear,  pinnules  distant, 
oval-oblong,  enlarged  below,  sessile  on  the  winged  rachis,  and  united  together,  pinnately  lobate,  and  undulate 
plaited  ;  lobes  short,  a  little  obtuse  ;  medial  nerves  thick  ;  nervules  obliterated  or  obsolete.  Behind  New  Phila- 
delphia, at  an. old  shaft — probably  of  the  Gate  Vein.  Though  the  specimen  is  imperfect,  the  species  is  evidently 
distmct  and  peculiar.    We  do  not  know  of  any  already  described  to  which  it  can  be  referred. 

9.  Sphenopteris  latifolia,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  205,  t.  57,  figs.  1  to  6. — Frond  tripinnate ;  pin- 
nules short,  petioled,  ovate,  pinnately  divided  ;  divisions  oblique,  oval,  obtuse,  two  to  three  partite ;  nerves  diverg- 
ing from  the  base,  many  times  forked,  well  marked,  and  thick.    Salem  Vein,  Pottsville. 

10.  Sphenopteris  acuta,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  205,  t.  57,  fig.  5. — Frond  bipinnate,  racliis  slender, 
flexuous ;  pinnae  lanceolate,  acute,  oblique  ;  pinnules  lanceolate,  five  to  seven  lobed ;  lobes  oval-lanceolate  ; 
superior  acute,  nerves  very  slender,  flabellate,  dichotomous,  scarcely  distinct.  We  have  seen  a  fine  specimen 
of  this  species  in  the  cabinet  of  Dr  Hildreth,  at  Marietta ;  found  at  Kenawha  Salines,  Virginia. 

11.  Sphenopteris  glandidosa,  Lesq.,  Plate  IX.,  fig.  2. — Frond  tripinnately  divided,  dichotomoiis,  or  forking  at 
the  top  ;  primary  and  secondary  pinnae  opposite,  long,  perpendicular,  or  recurved  on  the  broad  striate  rachis  ; 
inferior  pinnules  equally  three  to  five  lobate,  cordate  at  the  base  ;  lobes  round,  terminal  leaflet  acute,  sometimes 
long-pointed  by  the  persistence  of  the  broad  medial  nerve ;  superior  pinnules  smaller,  round,  entire ;  all  thick, 
convex,  glandular-pmrctulate,  rough  ;  nervules  entirely  obsolete.  A  beautiful  species  found  at  Shamokin,  west  of 
the  village.  It  is  separated  from  Sphenopteris  obtusiloba,  Brongt.,  by  its  pointed  terminal  leaflet,  and  the  glandular 
surface  of  the  pinnules.  It  would  agree  by  its  ramification  with  Sphenopteris  Linkii,  Gopp.,  from  which  it  differs 
however  by  its  rough  surface,  and  its  much  larger  size. 

12.  Sphenopteris  decipiens,  Lesq.,  Plate  XVIII.,  fig.  2. — Frond  jiinnate  ;  pinnules  elongated,  pinnately  lobed  ; 
lobes  half  round,  very  obtuse,  decurrent,  and  united  at  the  base,  the  terminal  broader ;  medi.il  nerve  iindvdate, 
broad ;  nervules  two  to  three  times  forked,  slender,  distinct.  Shamokin  Gap.  At  first  sight  this  species  is  easily 
mistaken  for  both  Sphenopteris  latifolia  and  the  upper  part  of  the  frond  of  Alethopteris  nervosa,  Plate  XVIII.,  fig.  3. 
It  differs  from  them  both  by  its  remarkable  nervation.  The  nervules  do  not  branch  from  the  middle,  but  from  the 
lowest  nervule,  which  runs  nearly  parallel,  and  very  near  to  the  medial  nerve. 

13.  Sphenopteris  pohjphylla,  Lind.  and  Hutt.,  Foss.,  Plate  II.,  p.  185,  t.  147. — Fi'ond  bipinnate  or  tripinnate, 
pinnae  alternate,  open;  pinnules  alternate,  petiolate,  oval,  inferior  ones  pinnatifid,  superior  trilobed,  divisions  round, 
ovate,  entire,  the  terminal  ones  twice  as  large  ;  rachis  flexuous  ;  nerves  pinnate,  forking  near  the  margin.  South 
Salem  Vein,  Pottsville.  Scarce. 

14.  Sphenopteris  Newherryi,  Lesq.,  Plate  IX.,  fig.  4.' — Frond  dichotomous,  forking  in  a  very  obtuse  angle, 
bipinnate,  secondary  pinnae  long,  lanceolate,  linear,  acute,  pinnately  lobed  ;  inferior  pinnules  sessile  by  their 
whole  base,  but  distinct,  irregularly  imdulate,  lobate  ;  superior  ones  confluent,  oval  lanceolate,  entire,  or  slightly 
undulate,  the  terminal  small  and  pointed ;  nerves  obsolete.  Found  by  a  miner  at  Summit  Mines,  between  Tamaqua 
and  Mauch  Chunk  in  the  upper  vein  (red-ash  coal ;  precise  locality  undetermined).  A  very  remarkable  species  for 
its  peculiar  ramification.  The  broad  rachis  is  flattened,  or  slightly  marginate ;  the  inferior  leaflets  are  ordinarily 
larger  than  the  other,  and  trilobate.  It  has  some  resemblance  to  the  following  species,  and  stands  in  the  same 
division.    Dedicated  to  our  friend  Professor  Newberry,  the  palaeontologist  of  Georgetown. 

15.  Sphenopteris  Lesqitereuxii,  Newb.,  Annals  of  Science.  Vide  our  Plate  X.,  fig.  1. — Frond  bipinnately 
divided  ;  pinnae  alternate,  long,  flexuous,  lanceolate  ;  inferior  pinnules  cordate-oval,  distant,  pinnately  three  to  five 
lobed  or  undulate  ;  superior  ones  oval,  or  half  round,  confluent  and  decurrent,  entire  ;  nei-ves  dichotomous,  arched, 
obsolete  medial  nerve  slender  and  undulate ;  rachis  irregularly  and  deeply  dotted  or  tuberculate.  Eoom  Eun 
Mines,  near  Mauch  Chunk.  By  its  nervation  this  species  resembles  a  Neuropteris,  and  would  take  its  place  in 
the  genus  Adiantites,  as  it  has  been  characterised  by  M.  Goppert.  By  the  form  of  its  leaflets  only  it  has  some 
affinity  with  Sphenopteris  latifolia.    It  is  common  in  the  coal-fields  of  Ohio  and  Pennsylvania. 

16.  Sphenopteris  squamosa,  Lesq.,  Plate  X.,  fig.  3. — Frond  bipinnatifid  ;  pinnae  linear,  short,  obtuse ;  pin- 
nules nearly  square,  or  half  round,  very  entire,  sessile ;  the  superior  ones  confluent  or  joined  together ;  terminal 


PACHYPHYLLUM. 


863 


leaflet  large,  lobate,  angular,  obtuse ;  nerves  entirely  obsolete,  the  surface  appearing  covered  with  small  shining 
scales.  South  Salem  Vein,  PottsviUe.  The  true  place  of  this  species  is  doubtful,  the  leaflets  being  thick  and 
the  nerves  entirely  obliterate,  either  by  a  thick  parenchyma  or  something  like  a  mat  of  scales.  It  was  found  in 
connection  with  Dyctiopteris  obliqua,  and  resembles  the  upper  branch  of  this  species  as  we  have  figured  it, — Plate 
VIII.,  fig.  6. 

17.  Spkenopteris  artemisicefolia^  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  136. — Frond  dichotomous,  inferior 
pinnae  alternate ;  superior  ones  opposite,  bipinnately  divided ;  pinnules  unequal,  alternate,  petiolate,  obtuse, 
deeply  pinnatifid,  lobate,  or  laciniate ;  divisions  linear  or  cuneate,  with  obtuse  lobes  ;  nerves  numerous, 
flabellate.    A  small  specimen  of  this  species  has  been  found  near  PottsviUe. 

II.  Hymenophyllites,  Gopp. — Frond  membraneous,  bipinnate  or  tri pinnate,  either  irregularly  cut,  lobate,  or 
pinnatifid  and  dichotomous,  decurrent  on  the  rachis.    Nerves  pinnate,  excurreut,  solitary  in  each  division. 

1.  Hijmenophi/Uttes  furcatus  (?)  Gopp.,  Syst.  Fil.  Foss.,  p.  259 ;  Spkenopteris  /areata,  Brongt.,  Hist,  des  Veg. 
Foss.,  vol.  i.  p.  179,  t.  49,  figs.  4,  5.  —  Frond  tripinnatifid,  common  rachis  subulate,  with  its  chvisions  nearly 
perpendicular,  pinnules  oblique,  deeply  pinnatifid,  lobes  bitiifid,  the  inferior  ones  nearly  palmately  divided,  with 
the  divisions  hnear-lanceolate,  oblique,  iliverging,  plane,  and  slightly  acute  or  truncate.  In  the  red  shale  of  the 
Ponent  Series  south  of  PottsviUe,  and  in  the  same  formation  near  Mauch  Chunk.  In  the  American  form  of  tliis 
plant,  which  may  be  a  peculiar  species,  the  lobes  are  scarcely  acute,  and  often  truncate.  This  fern  appears  to 
have  been  a  veiy  large  one ;  it  is  mixed  Avith  stems,  some  of  which  are  3  inches  in  diameter,  and  apparently 
belong  to  the  same  plant. 

2.  Hi/menophyllites  Hildreti,  Lesq.,  Plate  IX.,  figs.  5,  5  a. — Frond  bipinnate,  secondary  pinnae  lanceolate,  open, 
alternate,  the  inferior  bipinnately,  the  superior  pinnately  divided ;  divisions  linear  acute.  Presented  by  Dr  Hild- 
reth,  of  Marietta,  to  whom  we  have  dedicated  this  beautifiU  species,  found  at  Kenawha  SaUnes,  on  the  lowest  beds 
there  exposed.  It  has  some  affinity  with  Hymenophi/llites  ohtusilohus,  Gopp.,  but  the  divisions  in  our  species  are 
evidently  acute. 

3.  HymenophjlUtes  capillaris,  Lesq.,  Plate  IX.,  fig.  6. — The  small  specimen  figured  is  scarcely  worth  a  descrijj- 
tion  as  a  peculiar  species.  It  differs  from  the  former  by  its  very  narrow  and  longer  divisions.  The  ramification 
is  not  distinct.  It  looks  at  first  like  a  branch  of  a  Sphenopltylluia ;  but  it  is  a  true  Ilymenopliyllites  by  its  nerva- 
tion and  its  general  outline.    Found  at  the  same  locaUty  as  the  former,  of  which  perhaps  it  is  only  a  variety. 

III.  Pachyphyllum,  Lesq. — Frond  large,  thick,  membraneous,  oval  or  lanceolate  in  outline,  either  pinnately  or 
iiTegularly  lobed,  radical,  or  borne  on  a  thick  rachis  (?) ;  divisions  short,  lanceolate,  obtuse,  or  long,  linear,  flexuous. 
Nerves  tliick  or  compound,  and  parallel  near  the  base ;  separating  above,  and  solitary  in  each  division,  or  dis- 
appearing totaUy.  We  have  united  in  this  genus  a  few  species,  of  which  the  analogy  with  living  ferns  is  scarcely 
known.  Their  affinity  with  the  former  genus  is  indicated  only  by  the  solitary  nerve  of  eacli  division;  but  beyond 
this  these  plants  have  nothing  by  which  they  might  be  related  to  the  class  of  the  Phenopteridea:.  These  plants, 
at  least  om-  Pachyphyllum  liirsutum,  may  be  compared  to  the  family  of  the  Parkeriacew  in  the  living  ferns — viz., 
to  the  inferior  and  sterUe  leaves  of  the  Parkeria  pteroides,  Hooker,  found  in  the  marshes  of  Guyana.  These  inferior 
or  sterUe  leaves  are  pinnatifid,  with  about  three  divisions,  broafUy  oval  in  outline,  and  diversely  lobed.  The  primary 
nerve  is  very  thick  near  the  base,  simply  pinnately  braucliing  at  each  division,  quickly  narrowing,  and  disappear- 
ing, like  the  secondary  nerves,  below  the  summit  of  the  leaves.  The  divisions  of  the  fertile  leaves  are  narrow, 
linear,  and  much  longer,  and  in  these  the  veinlets  are  reticulated  in  an  irregular,  polygonal,  oval,  or  square  form, 
as  they  are  in  many  of  the  leaves  of  the  Hypnaceo!  in  the  family  of  the  Mosses.  By  comparison  of  the  figure  of 
Hooker  and  GreviUe,  Icones,  tab.  97,  the  Ukeness  of  the  living  species  with  our  fossil  plant  is  striking,  and  would 
evidently  prove  much  more  so  without  the  thick  coat  of  hairs  with  which  our  plant  is  covered.  The  affinity  of 
Pachyphyllum  lactuca  with  the  other  species  of  this  genus  is  scarcely  acceptable.  Nevertheless,  we  think  it  much 
more  in  place  in  this  genus  than  either  in  the  Schizopteris,  from  which  it  evidently  differs  by  its  single-nerved 
lobes,  or  in  the  Aphlebia,  which  have  no  nerve  at  all. 

1.  Pachyphjllum  fimbr latum,  Lesq.,  Plate  VIII.,  fig.  2. — Frond  large,'pinnate,  pmnules  sessile,  distant,  oblique, 
pinnately  divided ;  divisions  lanceolate,  acute,  short-hinged  on  the  slightly-recurved  margin ;  nerves  pinnate, 
simple.    Salem  Vein,  PottsviUe. 

2.  Pachyphyllum  affine,  Lesq.,  Plate  VIII.,  fig.  1. — Very  like  the  former,  difi'ering  only  by  the  flattened  and 
entirely  smooth  margins  of  the  divisions.    Perliaps  only  a  variety.    Same  locality  as  the  former. 

3.  Pachyphyllum  hirsutum,  Lesq.,  Plate  VIII.,  fig.  3. — Frond  bipinnately  divided,  dichotomous,  pinnas  decurrent  ; 
divisions  short,  oval-acute ;  nerves  obsolete,  the  whole  surface  and  margins  covered  with  long  glandular  hairs. 
Gate  Vein,  Westwood.  A  beautiful  species,  which,  without  its  affinity  with  Parkeria,  would  scarcely  be  accepted 
as.  a  fern.  It  appears  to  have  had  a  thick  medial  nei-ve,  and  one  nervule  for  each  of  the  divisions  of  the  leaves. 
It  is  a  plant  of  the  same  kind  as  the  two  former.  It  may  be  compared  with  Dictyophyllum  ri/gosiim,  Lind.  and 
Hutt. ;  but  we  cannot  see  how  it  can  be  compared  with  a  thistle,  and  classed  among  the  dicotjdedonous  plants. 
It  has  the  ramification  of  an  endogenous  plant. 

4.  Pachyphyllum  laceratum,  Lesq. — A  species  like  the  former,  but  smooth,  and  with  the  divisions  undulate 
and  unequally  toothed.    A  small  indistinct  specimen,  found  at  Johnstown,  in  the  lowest  vein  of  coal. 

5.  Pachyphyllum  lactuca,  Lesq.,  Plate  VIII.,  figs.  4,  5. ;  Schizopteris  lactuca,  Sternb. — Frond  pinnatifid  (?),  pinnje 
lanceolate  or  oval  in  outhne ;  pinnatifid,  the  lobes  lanceolate,  pinnately  divided,  divisions  Unear-obtuse ;  primary 
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nerves  obliterate,  appearing  parallel  and  fasciculate  below ;  simple  in  each  division.  Gate  Vein,  below  New 
Philadelphia.  This  species  was  evidently  of  thin  texture,  and,  by  this  character,  would  be  well  classed  among 
HyianiophfjlUtes.  We  have  seen  a  broken  specimen,  three  times  as  large  as  fig.  4,  of  which  the  leaves  or 
pinna;  appeared  as  being  attached  to  a  broad  common  rachis,  and  through  the  impression  of  which  the  form 
of  fossil  ferns  below  it  was  discernible  in  their  outline.  The  pinnte  were  about  half  a  foot  long;  but  the 
slate  was  too  brittle,  and  the  specimen  could  not  be  preserved.  This  species  is  not  scarce,  either  in  the  coal- 
formation  of  America  or  that  of  Europe. 

III.  Pecoptekide.e. — Frond  either  simple,  pinnate,  bi-tripinnate,  or  bi-tripinnatifid  ;  pinnules  attached  to  the 
rachis  by  the  whole  of  an  equal  or  delated  base,  ordinarily  united  together,  and  very  seldom  attenuated ;  medial 
nerve  strongly  marked ;  secondary  nerves  or  nervules  ordinarily  perpendicular  to  the  medial  nerve,  or  diverging 
from  it,  simple,  and  rarely  forking  or  dichotomous,  bi-trifurcate.  Fruit-dots  marginal,  either  attached  to  the 
nerves,  and  lengthened  or  punctiform.  We  have  removed  from  this  section  all  the  genera  admitted  by  Goppert, 
and  characterised  by  the  form  and  the  position  of  the  fructification,  except  one — Asplenites.  In  this  gemis  only 
the  form  of  the  fruit-dots  is  evidently  lengthened  as  in  the  Asplenmnij  and  their  form  is  easily  discernible.  But  in 
every  other  specimen  of  fructified  fern  that  we  have  found,  we  have  been  unable  to  find  any  reliable  characters 
which  authorise  a  separation  from  the  genus  Pecopteris.  That  this  genus  is  overcharged  with  species  that  have 
no  near  afiSnity  with  each  other,  is  evident.  But  the  separation  of  the  genera,  determined  by  the  form  and  the 
position  of  the  fruit-dots,  before  the  whole  of  a  plant  is  perfectly  known,  causes  only  increased  obscurity, 
and  a  useless  multiplication  of  species,  by  compelling  the  admission  of  a  fructified  part  of  a  fern  into  one  genus, 
whilst  the  sterile  part  of  the  same  is  classed  and  described  in  another. 

Asplenites,  Gopp. — Fruit-dots  linear,  attached  to  the  back  of  secondary  ners^es ;  nerves  pinnate,  nervides 
simple  or  dichotomous  ;  frond  pinnate  or  bi-tripinnate. 

1.  Asplenites  rubra,  LeSq. — Frond  bipinnate  (or  tiipinnate  ?) ;  pinna;  broadly  linear,  half  open,  alternate ; 
pinnules  oval-oblong,  united  at  the  base ;  nervules  forking  from  the  base ;  fruit-dots  linear,  placed  in  two  rows 
between  the  margins  and  the  medial  nerves ;  rachis  thick.  The  remains  or  impressions  of  this  i'em  cover  of  them- 
selves a  bed  of  red  shale  of  the  upper  part  of  the  coal-basin  near  Marietta,  Ohio,  in  a  depression  of  a  rock  named, 
from  the  presence  of  this  fern,  the  Grotto  of  Flowers.  It  has  a  close  affinity  with  Asplenites  nodosm  (Gopp.),  and 
oidy  chft'ers  from  it  by  the  stem  being  not  inflated,  and  knotty  at  the  articulations  of  the  pinnae,  and  by  the 
nervules  forldng  from  the  base. 

Alethopteris,  Sternb.  and  Gopp. — Frond  bi-tripinnatifid  or  bi-tripinnate,  secondary  nerves  rising  perpen- 
dicularly or  obliquely  from  the  medial  one,  simple  or  dichotomous,  and  many  times  forking ;  margins  of  the 
pinnules  often  revolute  (turned  back).    Fruit  unknown. 

1.  Alethopteris  lonchitidis,  Sternb.,  Vers.,  i.  p.  21  ;  Pecopteris  lonchitica,  Brongt.,  Hist,  des  Veg.  Foss.,  vol  i. 
p.  275,  t.  84,  figs.  2,  3,  4,  t.  128. — Frond  bi-tripinnate;  pinna;  open,  alternate,  the  inferior  ones  bijunnatifid ;  the 
superior  ones  pinnatifid  ;  j^innules  open,  alternate,  lanceolate-linear,  long,  acute,  slightly  oblique,  decurrent  at  the 
base,  and  united  or  distinct,  convex  on  the  margins ;  medial  nerve  broad,  canaliculate,  nearly  excm-rent ;  nemales 
perpendicular,  slender,  close,  simple  or  dichotomous.  Found  in  abundance  in  the  lower  beds  of  the  coal-field  of 
Ohio,  especially  at  Cuyahoga  Falls  and  Kenawha  Salhies,  Vii'ginia ;  and  also  in  the  upper  beds  of  the  anthracite 
coal  at  Pottsville.    Gate  and  Salem  Veins. 

2.  Alethopteris  Pennsylvanica,  Lesq.,  Plate  XL,  figs.  1  and  2. — Inferior  pinnfe  bipinnatifid,  with  short,  round 
pinnules,  united  luilf  their  length  ;  superior  pinna;  pinnate  only,  with  long  lanceolate-linear  and  undulate  pinnules, 
slightly  decurrent  on  the  rachis,  and  united  at  the  base.  Salem  Vein,  Pottsville.  Perhaps  this  is  only  a  variety  of  the 
former  species,  for  it  has  exactly  the  same  general  appearance,  and  the  same  nervation.  Nevertheless,  as  we  have 
never  seen,  in  the  true  Alethopteris  lonchitidis,  any  trace  of  the  lower  bipinnate  frond,  and  have  never  seen  any 
undulate-serrulate  pinnules,  as  figured  in  Plate  XL,  fig.  1,  we  could  not  unite  the  species.  Both  parts  of  the 
plant  of  Plate  XL,  figs.  1  and  2,  evidently  belong  to  the  same  fern;  and  we  have  here  a  confirmation  of  the  analogy 
of  this  class  of  the  Pecopteridece  with  the  Pteris  of  owr  age.  In  our  Pteris  aquilina,  for  example,  the  infeiior  pinnip 
are  bipinnatifid  below,  like  our  fig.  2,  and  only  pinnate  above.  And  on  the  same  plant  also  the  pinnules  are  found 
either  entire,  or  undulate-crenate,  like  fig.  1. 

3.  Alethopteris  aquilina,  Gopp.,  Si/st.  Fil.  Foss.,  p.  298 ;  Pecopteris  aquilina,  Brongt.,  Hist,  des  Veg.  Foss.,  vol.  i. 
p.  248,  t.  90.  —  Frond  bipinnatifid;  pinnules  very  open,  close,  oblong  obtuse,  united  at  the  slightly-deciurent 
base,  or  sometimes  separated  to  the  rachis ;  the  terminal  leaflet  oblong  obtuse ;  secondaiy  nerves  perpendicular 
to  the  medial  one,  either  bifurcate,  or  with  one  of  the  nervules  simi^le.  This  species  is  often  mentioned  as 
being  commonly  found  in  the  coal-basins  of  America ;  and  we  have  seen  many  specimens  imder  this  name  in 
Collections.  Nevertheless,  we  could  not  find  any  well-characterised  specimen  of  it,  and  all  those  which  were  shown 
to  us  under  this  name  belong,  we  think,  without  any  exception,  to  Pecopteris  polymorpha;  and  so  we  mention  this 
species  with  doubt  as  belonging  to  the  American  coal-formation. 

4.  Alethopteris  urophylla,  Gopp.,  Syst.  Fil.  Foss.,  p.  300;  Pecopteris  iirophylla,  Brongt.,  Hist,  des  Veg.  Foss.,  i. 
p.  290,  t.  86. — Frond  bi-tripinnatifid  ;  pinnatifid  only  above  ;  terminal  pinnje  linear,  very  long,  entire,  decurrent ; 
inferior  pinnae  deeply  pinnatifid,  terminated  in  a  linear  elongated  leaflet ;  lateral  pinnules  united  at  the  base, 
oblong  linear,  slightly  obtuse  ;  secondary  nerves  very  thin,  simple  or  dichotomous,  slightly  oblique.  A  small 
specimen  found  at  the  Gate  Vein,  Pottsville. 
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5.  Alethopteris  Serlii,  Gopp.,  S>/st.  Fil.  Foss.,  p.  301,  t.  21  ;  Pecopteris  Serlii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p. 
292,  t.  85. — Frond  bipinnatifid ;  pinnules  oblong,  oblique,  enlarged  and  decurrent  at  the  base,  obtuse  or  slightly 
acute  ;  terminal  leaflet  lanceolate  ;  secondary  nerves  nearly  perpendicular  to  the  medial  one,  very  numerous  and 
thin,  close,  dichotomous.  Both  varieties  of  this  species  are  abundant  in  the  lowest  veins  of  the  Bituminous  coal 
and  anthracite  basins  of  Pennsylvania.  The  variety  a,  identical  with  the  European  species,  with  obtuse  leaflets, 
was  found  at  Room  Run  mines,  above  Mauch  Chunk,  and  at  many  other  places  in  the  Mammoth  Vein  ;  variety  /3, 
with  the  pinnules  slightly  acute,  was  found  at  Wilkesbarre,  at  Minersville,  and  also  at  the  Kenawha  Salines, 
Virginia. 

6.  Alethopteris  marginata,  Gopp.,  Syst.  Fil.  Foss.,  p.  301  ;  Pecopteris  marginata,  Brongt.,  Hist,  des  Veg.  Foss.,  i. 
p.  291,  t.  87. — Frond  bipinnatifid,  pinnae  sessile,  open,  deeply  pinnatifid;  pinnules  contiguous,  oblong,  slightly 
obtuse,  decurrent,  and  united  together,  undulate-sinuate,  and  slightly  emarginate  ;  terminal  leaflet  oblong,  lan- 
ceolate, obtuse  ;  rachis  and  medial  nerves  rough  ;  nervules  very  slender,  perpendicular  to  the  medial  nerves,  nearly 
simple.  Tremont  New  Vein.  In  our  specimen  the  pinnules  are  smaller,  but  probably  represent  the  upper  part 
of  a  frond ;  tlie  leaflets  are  sessile,  scarcely  decurrent,  and  nearly  distinct  to  the  base. 

7.  Alethopteris  distans,  Lesq.,  Plate  XII.,  fig.  2. — Frond  bipinnatifid ;  pinna?  open,  linear  lanceolate  ;  pinnules 
alternate,  linear,  distant,  crenulate,  enlarged  but  distinct  at  the  base  ;  united  only  in  the  upper  part  of  the  terminal 
pinnae,  where  they  become  broader,  shorter,  and  obtuse  ;  secondary  nerves  obsolete.  Found  at  Muddy  Creek.  We 
publish  this  species  as  a  new  one  with  some  doubt,  though  we  do  not  know  anything  for  which  it  might  be 
taken.  It  has  a  distant  likeness  to  Alethopteris  Davrenzii,  diff"ering  from  it  by  the  crenulate  leaflets.  It  may  be 
also  the  upper  part  of  the  frond  either  of  Pecopteris  abbreviata,  or  of  Pecopteris  plumosa.  As  the  nervules  are  entirely 
obsolete,  and  we  can  rely  only  on  the  form  of  the  pinnules — a  deceptive  character — we  cannot  assert  anything  else 
except  the  peculiar  form  of  these  leaflets. 

8.  Alethopteris  obscura,  Lesq.,  Plate  I.,  figs.  13,  14. — Frond  bipinnatifid,  pinnae  pinnatifid  above  ;  pinnules 
lanceolate,  enlarged  at  the  base,  united  together,  and  decurrent  above,  distinct  below  ;  deeply  undulate  on  the 
margins,  secondary  nerves  obsolete,  very  slender  and  oblique,  bifurcate.  Gate  Vein,  Pottsville.  A  beautiful 
species,  distinct  from  aU  its  congeners  by  the  peculiar  position  of  its  secondary  nerves  rising  from  the  narrow 
undulate  medial  nerve  in  a  very  acute  angle.  We  have  found  only  the  specimens  figured  here,  which  probably 
represent  the  upper  part  of  a  frond. 

9.  Alethopteris  serrula,  Lesq.,  Plate  XII.  fig.  1. — Frond  pinnatifid,  very  large  ;  pinnules  alternate,  sessile,  quite 
open,  or  inclined  backwards  ;  4  inches  long,  and  more  linear,  pinnately  lobed ;  lobes  alternate,  two  to  three  times 
toothed,  sometimes  nearly  entire,  obtuse ;  secondary  nerves  dichotomous,  forking  one  or  two  times.  Gate  Vein 
behind  Port  Carbon.  This  remarkable  species  is  related  to  Pecopteris  angustissima  and  Pecopteris  similis, 
Sternb.,  but  perfectly  distinct  from  both  by  the  long  leaflets,  the  lobes  of  which  are  once  or  twice  toothed. 
The  rachis  is  round  and  smooth.  This  fossil  fern  has  so  much  affinity  with  Davcdlia  pinriata,  Der.  [Saccoloma 
pinnatum,  PresL),  that  it  is  scarcely  possible  to  find  any  difference  between  them.  The  fruit  appears  to  be  in  the 
same  position,  and  if  this  is  the  case,  this  plant  would  necessarily  be  far  removed  from  the  genus  Pecopteris. 

10.  Alethopteris  nervosa,  Gopp.,  Syst.  Fil.  Foss.,  p.  312. — Frond  bi-tripinnate  ;  pinnae  and  pinnides  nearly  open  ; 
pinnules  entire,  oblique,  oblong,  lanceolate  or  oval,  enlarged  at  the  base,  decurrent  and  united  together  ;  terminal 
pinnule  oval,  or  linear  oblong,  the  inferior  leaflet  of  each  pinna  bilobate  ;  secondary  nerves  distinct,  oblique  on 
the  medial  nerve,  the  inferior  ones  forking,  the  superior  entire,  thick.  This  species  is  abundant  in  the  anthracite 
basins  of  Pennsylvania,  at  Shamokin,  Pottsville,  &c.,  and  is  very  variable.  Sometimes  the  leaflets  are  large  and 
acute ;  sometimes  near  the  top  of  the  fronds  the  pinna;  are  only  pinnately  lobed  with  round  short  lobes,  entire, 
oval,  obtuse,  or  slightly  undulate.  Vide  Plate  XVIII.  fig.  3.  We  have  had  opportunities  for  finding  it  by  itself  on 
the  same  slate  in  its  different  varieties,  and  for  ascertaining  that  the  species  described  by  M.  Brongniart,  and 
figured  Plate  XCV.,  figs.  1  and  2  of  his  Hist,  des  Veg.  Foss.,  belong  truly  to  this,  and  not  to  Pecopteris  Sauveurei,  as 
has  been  asserted  by  M.  Goppert. 

11.  Alethopteris  loevis,  Lesq. — Under  this  name,  and  till  it  is  better  known,  we  mention  a  form  of  which  we 
could  only  obtain  small  specimens,  and  which  does  not  appear  to  differ  from  the  former,  except  by  its  entirely 
smooth  surface,  on  which  there  cannot  be  seen  any  trace,  either  of  secondary  nerves  or  of  medial  ones.  The 
pinnules  are  scarcely  broader  than  in  the  former  species,  and  the  inferior  leaflet  is  probably  bilobed.  Found  at 
Gate  Vein,  New  Philadelphia. 

12.  Alethopteris  muricata,  Gopp.,  Syst.  Fil.  Foss.,  p.  313  ;  Pecopteris  muricata,  Brongt.,  Hist,  des  Veg.  Foss.,  p. 
352,  t.  97. — Frond  bipinnatifid  or  tripinnatifid,  pinnai  or  pinnules  open,  superior  leaflets  oval-lanceolate,  acute,  close, 
slightly  decurrent  at  the  base,  the  inferior  ones  distant,  irregularly,  pinnately  lobed  ;  lobes  oval-acute,  secondary 
nerves  dichotomous,  oblique  on  the  medial  nerve,  simple  or  furcate.  South  Salem  Vein,  Pottsville.  There  is  no 
diff'erence  between  the  American  and  the  European  form  of  this  species. 

III.  Callipteris,  Brongt.,  Tab.  des  Veg.  Foss.,  p.  24. — Frond  bipinnatifid ;  pinnae  long,  decurrent  on  the 
common  rachis;  pinnules  contiguous,  slightly  oblique,  united  and  decurrent  at  the  base;  medial  nerve  arched  and 
oblique ;  secondary  nerves  oblique,  bifurcate ;  fruit-dots  i^unctiform,  inserted  on  the  divisions  of  the  nerves  near 
their  bifurcation.  We  have  adopted  this  genus  as  it  is  established  by  M.  Brongniart,  admitting  in  it  only  those 
species  which  have  the  nervation  of  Neuropteris,  but  which,  by  their  general  outline,  and  the  punctiform  fructifica- 
tion, belong  to  Pecopteris. 
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Callipteris  Siillivantii,  Lesq.,  Plate  V.,  fig.  13. — Frond  bipinnate,  pinna  lanceolate,  pinnules  alternate,  oblique, 
obovate  or  oblong,  nearly  contiguous,  slightly  decurrent  by  their  base,  and  united  together  with  a  slightly-obtuse 
sinus.  Medial  nerve  very  broad,  disappearing  above  the  middle ;  secondary  nerves  arched,  slender,  close,  many 
times  forking,  or  dichotomous.  West  Vein  at  Shamokin.  A  beautiful  sj)ecies,  dedicated  to  our  fiiend  W.  S.  Sulli- 
vant,  Esq.,  the  vi^ell-known  American  Bryologist.  The  nearest  species  described  is  Neuropteris  conferta,  Stemb., 
of  which  M.  Goppert  has  given  a  good  description,  with  di-a wings  [GatU  Foss.,  Plates  V.  VI.,  t.  8,  9,  fig.  2). 
In  our  species  the  pinnre  are  shorter,  broader,  and  lanceolate ;  the  pinnules  are  never  separated  to  the  rachis, 
and  the  superior  leaflet  is  very  small.  The  broad  flat  medial  nerve  vanishing  above  the  middle  is  also  a  point  of 
diflerence. 

IV.  Pecopteris,  Brongt. — Fronds  bi-tripinnate  or  pinnatifid,  pinna;  ordinarily  enlarged,  united  together,  and 
decurrent  at  the  base,  or  sometimes  separated,  distinct  and  sessile  ;  secondary  nerves  rising  obliquely  from  the 
medial  one;  dichotomous  or  simple;  fruit-dots  round,  diversely  placed,  ordinarily  two-ranked. 

1.  Pecopteris  Cistii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  330,  t.  106,  figs.  1,2  ;  Pecopteris  pteroides,  Brongt.,  Hist,  des 
Veg.  Foss.,  i.  -p.  329  (Tremont,  roof  New  Vein) ;  Alethopteris  Cistii,  Gopp.,  Syst.  Fil  Foss.,  p.  316. — Frond  bipin- 
nate ;  pinnje  and  pinnules  open  ;  pinnules  entire,  oval,  oblong,  obtuse,  free  and  sessile  by  the  slightly  enlarged 
base  ;  terminal  leaflet  short,  oval,  the  inferior  attached  to  the  common  rachis  at  the  base  of  the  piniige  ;  secondary 
nerves  dichotomous,  slender,  the  nervules  forking.  This  species  appears  to  be  very  scarce  in  the  anthracite  basins: 
it  was  sent  to  M.  Brongniart  from  Wilkesbarre.  All  the  specimens  which  we  collected  there,  as  related  to  tlvis 
species,  were,  after  a  closer  examination,  referred  to  the  following  one. 

2.  Pecopteris  poly morplia,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  pp.  331,  332,  t.  113  ;  Pecopteris  Miltoni,  Brongt,  loc.  cit., 
pp.  333,  114;  Cgatheites  Miltoni,  Gopp.,  Sijst.  Fil.  Foss.,  p.  324. — Frond  tripinnatifid  ;  rachis  smooth  ;  pinnte  and 
pinnules  open,  alternate  ;  pinnules  slightly  contracted  at  the  base,  close  to  each  other,  oblong,  obtuse,  the  medial 
ones  sinuate,  the  inferior  pinnatifid ;  fertile  leaflets  longer,  and  somewhat  crenulate ;  secondary  nerves  dichoto- 
mous, nearly  perpendicular  to  the  medial  nerve  ;  nervules  simple  or  forking.  Gate  Vein,  Pottsville,  Muddy  Creek, 
&c.  Though  we  have  found  many  varieties  of  this  species,  which  is  common  in  the  anthracite  basin,  w'e  could 
not  observe -a  reliable  character  to  separate  it  from  Pecopteris  Miltoni.  We  should  even,  perhaps,  refer  to  it  the 
following  species. 

3.  Pecopteris  dlstans,  Lesq.,  Plate  XL,  fig.  3. — This  differs  from  the  former  only  by  its  distant  pinnules,  oval- 
lanceolate,  narrowed  at  the  base,  and  sessile  only  by  the  base  of  the  thickened  medial  nerve.  Same  locality  as  the 
former.  This  species  may  perhaps  be  the  same  as  Pecopteris  elliptica,  Bunb.  {Proc.  of  Geol.  Soc,  vol.  ii.  p.  84) ; 
but  it  diff'ers  by  the  veins,  which  are  branching  from  the  middle,  or  from  the  base ;  and  by  the  leaflets,  which  are 
not  decurrent  on  the  stem. 

4.  Pecopteris  velutina,  Lesq.,  Plate  XII.,  fig.  3. — Frond  bipinnatifid ;  lower  pinuEe  veiy  open;  pinnate,  short, 
linear-lanceolate  ;  pinnules  distinct,  enlarged  above  the  base,  sessile,  united  only  near  the  summit  of  the  pinnae, 
where  they  form  a  large  lanceolate  oval  and  lobate  terminal  leaflet ;  upper  pinna^  simple,  pmnately  undulate,  lobed 
or  entire  ;  nerves  obsolete,  the  surface  being  covered  with  a  coat  of  short  appressed  hairs  ;  fruit-dots  placed  only 
at  the  upper  part  of  the  pinnules,  few,  two-ranked,  large,  oval.  We  have  found  at  Johnstown,  in  one  of  the  lowest 
beds  of  the  coal,  a  beautiful  and  well-preserved  specimen  of  this  species.  By  the  form  of  the  leaflets  only,  it  has 
some  likeness  Avith  Pecopteris  Defrancii,  but  it  is  a  very  different  plant. 

5.  Pecopteris  ovata,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  328,  t.  107,  fig.  4  ;  Alethopteris  ovata,  Gopp.,  Sijst.  Fil. 
Foss.,  p.  314. — Frond  bipinnatifid;  pinnae  linear,  lanceolate,  acute;  superior  pinnules  oval,  the  inferior  ones  oblong, 
obtuse,  convex,  enlarged  at  the  base,  and  imited,  the  lowest  leaflet  attached  to  the  common  rachis  at  the  base  of 
the  pinnae ;  secondary  nerves  dichotomous,  very  thin,  two  or  three  times  forked,  attached  to  the  medial  one  in  an 
acute  angle.  New  Vein,  Tremont.  In  our  American  specimens  the  pinnae  are  very  long,  pointed,  and  the 
terminal  leaflet  lanceolate.  If  this  species  is  identical  with  the  Em-opean  one  (only  to  be  ascertained  by  a 
comparison  of  specimens),  M.  Brongniart  has  only  seen  or  described  the  upper  part  of  a  frond,  for  in  the 
inferior  pinna;  the  leaflets  are  much  longer  and  narrower,  resembling  those  of  Pecopteris  Defrancii.  The  nerva- 
tion is  perfectly  alike  in  the  American  species,  as  described  by  M.  Brongniart. 

6.  Pecopteris  notata,  Lesq.,  Plate  XVIIL,  fig.  4. — Frond  tripinnate  ;  secondary  pinna;  horizontal,  short,  linear- 
lanceolate,  obtuse,  sessile  ;  pinnules  short,  oval,  united  nearly  to  the  middle  ;  terminal  leaflet  large,  oval,  obtuse ; 
nervules  strongly  marked,  one  time  forking,  attached  to  the  undulate  slender  medial  nerve  in  an  acute  angle  ; 
rachis  striate  ;  fruit-dots  very  small,  punctiform,  irregiUarly  placed  along  the  nervules  between  the  branches. 
The  Gate  Vein,  Pottsville.  The  short  and  broad  leaflets,  and  especially  the  strongly -marked  though  slender 
nervules,  separate  this  species  from  the  following.  It  is  covered  with  small  dots,  pointing  in  relief  on  the 
surface  of  the  leaflets,  and  irregtrlarly  placed  between  the  nei'vules.  We  think  that  they  are  the  impressions  of 
fruit-dots.    If  we  are  right,  this  species  would  belong  to  the  genus  Hemitelites  of  Goppert. 

7.  Pecopteris  oreopteridis,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  317,  t.  104,  fig.  2,  and  105,  figs.  1-3. — Frond 
bi-tripinnatifid;  pinnae  and  pinnules  open,  close,  alternate;  pinnules  distinct,  sessile,  elliptical,  obtuse;  uer\-ules 
forking  from  the  base  or  the  middle,  oblique;  fertile  leaflets  distant,  longer,  oval  -  lanceolate,  with  the  margins 
recurved.    The  Gate  Vein  and  Salem  Vein,  Pottsville. 

8.  Pecopteris  pusilla,  Lesq.,  Plate  XL  fig.  4. — Frond  bipinnate  ;  pinna-  oblique,  linear,  nearly  decurrent  on  a 
broad,  flexuous,  and  winged  smooth  rachis  ;  pinnules  very  small,  united  above  the  middle,  oval,  hairy,  the  lowest  a 
little  larger ;  nervules  simple,  obsolete.    Salem  Vein,  Pottsville.    It  much  resembles  the  smallest  forms  of  the 
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following  species,  but  differs  in  the  hairiness  of  the  leaves.  It  differs  also  from  Pecopteris  villosa  by  the  smooth 
rachis  and  the  small  size  of  all  its  parts. 

9, 10.  Pecopteris  arborescens,  Tiroiigt.,  Hist,  des  F"c^.  Fo5s.,i.p.  310, 1. 101, 103,  fig.  1. — Frond  bipinnate  or  tripinnate, 
with  a  smooth-winged  rachis ;  pinna;  long,  close  to  each  other,  ojpen  ;  pinnules  imbricated,  but  free  to  the  base,  equal, 
oblong,  oval,  short,  and  very  obtuse  ;  terminal  leaflet  larger ;  secondary  nerves  simple,  oblique.  It  is  commonly 
found  in  the  upjjer  beds  of  the  anthracite  coal,  as  at  the  Gate  and  Salem  veins,  at  Pottsville,  with  both  its  varieties, 
Pecopteris  plat yr  ad  lis,  Brongt.  {loc.  cit,  p.  312,  t.  103,  figs.  4,  5),  which  only  differs  from  the  noimal  form  in  the 
thickness  of  the  rachis,  and  Pecopteris  diibia,  Lesq.,  wliich  has  the  rachis  covered  with  long  glandular  hairs. 

11.  Pecopteris  ci/athea,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  307,  t.  101. — Frond  bipinnate  or  triijinnate  (?) ;  rachis 
smooth ;  pinna?  and  pinnules  very  open  ;  pinmdes  unequal,  very  close  to  each  other,  linear-oval,  obtuse,  separated 
to  the  base  ;  secondary  nerves  simple  or  forked  once  only,  perpendicular  to  the  medial  nerve ;  fruit-dots  two- 
ranked,  small  in  the  divisions  of  the  nervules ;  fertile  pinnules,  with  the  margins  curved  backwards.  A  species 
commonly  found  in  the  upper  beds  of  the  anthracite  basin,  at  the  Gate  Vein  of  Port  Carbon,  and  scarcely 
thstinguishable  from  the  former. 

12.  Pecopteris  arguta,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  303,  t.  108,  fig.  3 ;  Polypodites  elegans,  Gopp.,  Si/st.  Fil. 
Foss.,  p.  344,  t.  15,  fig.  10. — Frond  pinnate  ;  pinna;  ojDcn,  straight,  very  long,  close  to  each  other  ;  pinnules  equal, 
contiguous,  united  at  the  base,  linear,  oblong,  obtuse,  undulate-plicate  on  the  margins  ;  secondary  nerves  simple, 
oblique,  well  marked,  straight.  The  South  Salem  Vein,  Pottsville ;  commonly  found  in  the  upper  beds  of  the 
coal-basins. 

13.  Pecopteris  abhreviata,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  337,  t.  115,  figs.  1-4. — Frond  bi-tripinnatifid ; 
piimules  oblong,  obtuse,  crenate,  or  slightly  pinnately  lobed ;  lobes  round,  convex,  very  short  or  longer,  like 
pinnules  ;  nerves  pinnately  forking  in  each  division,  ordinarily  forking  again  from  the  middle.  Found  in  the 
low  beds  of  coal  at  Trevorton.    A  variable  species.    In  our  specimen  the  nervules  are  obsolete. 

14.  Pecopteris  unita,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  i).  342,  t.  116,  figs.  1,  5. — Frond  bipinnatifid;  pinnse 
oblong,  pinnatifid ;  pinnules  united  to  the  middle,  sometimes  in  their  whole  length,  so  that  the  pinna;  are  only 
crenulate  on  the  margins  ;  medial  nerve  of  each  pinnule  oblique ;  nervules  pinnate,  simple,  very  oblique  ;  fruit- 
dots  simple  two-ranked,  attached  on  the  simple  nervules ;  fertile  leaflets,  with  the  margins  recurved.  Var.  a., 
pinniB  entire,  and  only  crenulate  on  the  margins.  Pecopteris  unita,  Brongt.  [Prod.,  p.  58)  ;  var.  /3.  majits,  pinna; 
pinnatifid,  the  pinnules  united  only  to  the  middle.  Pecopteris  pectinata,  Brongt.  [loc.  cit.),\aY.  a.,  at  the  South  Salem 
Vein,  Pottsville  ;  var.  {3.  Muddy  Creek.    In  each  of  these  varieties  the  fruit-dots  preserve  the  same  position. 

15.  Pecopteris  concinna,  Lesq.,  Plate  XI.  fig.  5. — Frond  bipinnate  ;  pinnse  open,  with  an  undulate  rachis  ; 
piimules  oval,  lanceolate,  sessile  by  a  narrowed  base,  distant  and  perpendicular  to  the  rachis  ;  pinnately  undulate, 
lobed ;  secondary  nerves  pinnate  in  each  lobe  ;  nervules  simple.  Gate  Vein,  Pottsville.  A  fine  species,  dift'ering 
from  Pecopteris  abbreviata  by  the  form  of  the  pinnules,  and  from  Pecopteris  angustissima  by  its  nervation. 

16.  Pecopteris  pennceformis,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  345,  t.  118,  figs.  3,  4. — Frond  tripinnatifid  ; 
pinnse  long,  linear ;  rachis  covered  with  small  glandular  points ;  pinnules  slightly  united  at  the  base,  elliptical, 
oblong,  obtuse,  perpendicular  to  the  rachis  ;  the  lowest  slightly  longer ;  secondary  nerves  pinnately  forked ; 
nervules  ordinarily  forking  again  from  the  middle.    Tremont  New  Vein. 

17.  Pecoj}teris  plumosa,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  348,  t.  121,  122. — Frond  tripinnatifid;  pinnse  long, 
acute  ;  superior  pinnules  united,  triangular,  acute,  with  the  secondary  nerves  simple  ;  medial  pinmdes  oblong- 
triangular,  more  obtuse,  enlarged,  and  united  at  the  base,  with  the  secondary  nerves  ordinarily  forking ;  inferior 
l^innules  oblong-obtuse,  scarcely  enlarged,  and  united  at  the  base,  very  entire,  the  low^est  oblong-linear,  crenulate 
on  the  margins,  distant,  with  all  the  nervules  forked.  Scarce  in  Pennsylvania ;  found  only  at  the  South  Salem 
Vein,  Pottsville. 

18.  Peco2}teris  SilUmanni,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  353,  t.  96,  fig.  5. — Frond  bipinnatifid ;  pinna; 
short,  the  superior  entire,  the  inferior  ones  pinnatifid,  seven  to  nine  lobed ;  pinnules  or  lobes  nearly  round,  obtuse, 
nearly  contiguous ;  the  lower  distant,  the  upper  ones  united  at  the  base  ;  terminal  lobe  short,  oval,  entire,  or  three 
crenate ;  nervules  very  slender,  forking  one  or  two  times  ;  medial  nerve  scarcely  more  distinct  than  the  lateral 
ones.  Specimens  of  this  species  were  sent  to  M.  Brongniart  from  Zanesville,  Ohio.  We  could  not  find  any 
specimen  of  this  species  either  in  the  field  or  in  the  cabinets  which  we  have  examined. 

19.  Pecopteris  Loschii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  355,  t.  96,  fig.  6. — Frond  bi-tripinnate ;  pinnse  and 
pinnules  shortening ;  inferior  pinnse  bipinnate,  with  the  upper  pinniiles  united  together ;  the  medial  ones  separated 
to  the  narrowed  base,  and  distant,  ovate,  acute  ;  the  lowest  two  five-lobed,  nearly  pinnatifid  ;  nervides  very 
slender,  arched,  forking  from  the  middle.  The  Salem  Vein,  Pottsville.  The  American  specimens  of  this  species 
do  not  differ  from  the  European. 

20.  Pecopteris  decurrens,  Lesq.,  Plate  XI.  fig.  5  a. — Frond  bipinnatifid  ;  pinnse  opposite,  the  sujierior  ones 
tenninal  by  the  forking  of  the  rachis  ;  pinnules  distant,  oval-oblong,  obtuse,  entire,  contracted  at  the  base  on 
the  upper  side  ;  dilated  on  the  lower,  and  decurrent  on  the  rachis,  wliich  is  broadly  winged ;  medial  nei've 
undulate,  scarcely  thicker  than  the  lateral  ones,  which  are  simple,  or  sometimes  forked  and  arched  ;  primary 
rachis  flattened  and  broad,  enlarged  at  the  articulations  of  the  pinnse,  striate  ;  and  roughened  by  very  small 
glandular  points.  The  Gate  Vein,  Pottsville.  A  remarkable  species,  which  does  not  well  agree  with  Pecopteris, 
and  should  be  taken  as  the  type  of  a  jjeculiav  genus. 
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21.  Pecopteris  incompleta,  Lesq.,  Plate  I.  fig.  12. — Frond  bipinnatifid  ;  pinnae  oblique,  scarcely  open,  lanceolate; 
pinnules  oval,  or  nearly  round,  decurrent,  united  at  the  base,  very  oblique ;  the  superior  ones  very  small,  and  the 
terminal  wanting,  its  place  being  taken  by  the  leng-thened  secondary  rachis  pointing  above  the  leaflets  ;  nerves 
dichotomous.  The  small  specimen  figured  here  was  found  at  the  Gate  Vein,  Pottsville.  It  is  so  imperfect  that 
we  cannot  ascertain  whether  it  represents  only  a  part  of  a  fern  before  its  complete  unfolding,  or  if  this  peculiarity 
of  form  belongs  to  a  species  in  its  state  of  perfection. 

FERNS  OF  UNDETERMINED  AFFINITY. 

Crematopteris,  v.  p.  Schimper. — Frond  simply  pinnate,  rachis  broad ;  pinnules  vertical,  oblique,  oval- 
oblong,  entire  ;  nervation  obsolete.  Fruit-dots  placed  on  the  inferior  pinnules,  which  are  turned  backwards,  and 
are  smaller  than  the  upper  ones.  This  genus  has  been  established  for  a  single  species  found  in  the  red  sandstone 
of  the  Vosges,  Crematopteris  ti/pica,  Schp.  and  Mouzeot,  Monog.  of  Fossil  FL,  p.  73 ;  Filicites  scolopendrioides, 
Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  388,  t.  137,  figs.  2,  3.  Its  relation  with  Pecopteridice  is  not  ascertained,  as  there 
has  not  been  found  any  trace  of  nervation  in  these  plants. 

1.  Crematopteris  Pennsylvanica,  Lesq.,  Plate  III.  fig.  5. — Rachis  very  thick,  round,  nearly  smooth,  or  irregu- 
larly striate  ;  pinnules  short,  linear-oval,  distant,  sessile  on  the  broad  rachis,  slightly  attenuated  at  the  base  ; 
nerves  entirely  obsolete.  The  specimen  figured  here  is  in  the  collection  of  Rev.  Mr  Moore  of  Greensburg,  and 
was  found  by  himself  near  this  place  in  black  shale,  covered  with  marine  shells,  a  little  above  the  fourth  vein  of 
coal,  and  at  the  base  of  the  Barren  measures.  This  plant  is  not  in  as  good  a  state  of  preservation  as  would  be 
desirable  for  a  satisfactory  description  ;  nevertheless  it  appears  to  belong  to  this  genus.  Its  presence  on  a  shale 
covered  with  marine  shells  would  perhaps  lead  to  the  supposition  that  the  plant  is  some  fucoide,  or  sea-weed. 
We  have  examined  closely  the  locality,  and  have  been  able  to  find  there  many  other  vegetable  remains,  aU  of 
them  belonging  to  ferns  and  to  calamites,  especially  a  Sphenopteris. 

ScoLOPENDRiTES,  Lcsq. — Froud  simple,  lanceolate,  large,  deeply  iiTegularly  toothed  ;  medial  nerves  very 
slender  ;  nervules  thin,  pinnately  forking  from  the  medial  nerve  in  a  very  acute  angle,  nearly  straight  and 
scarcely  arched,  undulate,  very  distant,  one  to  two  lines  ;  forking  one  time  in  the  middle,  and  each  nervule 
forking  again  near  the  margin.  This  genus  has  no  affinity  with  any  of  the  other  genera  of  fossil  ferns.  In  the 
form  of  the  leaves  it  would  resemble  the  living  Scolopendria  of  our  time,  but  its  nervation  is  difierent,  the  medial 
nerve  being  much  more  slender,  and  the  nervules  much  more  erect,  or  not  so  divergent  from  the  medial  nerve. 
Nevertheless  the  divergence  of  the  nervules  is  less  marked  in  some  species  of  the  genus  Scolopendrium,  as  in  S. 
hastatum,  Duhj ;  and  also  S.  hemioniiis.  The  general  outhne  of  the  leaves  Halypteris  scolopendrina,  Hooker, 
and  Vittaria  isoctifoUa,  is  also  much  alike  ;  but  the  veins  are  simple  in  both  these  species,  and  more  diverging. 
This  plant,  by  its  nervation,  resembles  perhaps  some  species  of  Osmundcs  with  large  leaves — the  largest  leaflets  of 
Osmunda  regalis,  for  example.  But  its  affinity  with  this  genus  is  not  so  close  as  witli  the  former  ones,  and  as  we 
cannot  compare  it  with  any  other,  we  have  preferred  to  name  it  after  the  living  genus,  which  it  resembles  in  the 
form  of  its  leaves.  * 

1.  Scolopeiidrites  grosse  dentata,  Lesq.,  Plate  VIII.  fig.  7. —  The  species  corresponds  to  the  description  of  the 
genus  of  which  it  is  the  type.  The  texture  of  the  leaves  was  very  thin,  entirely  smooth  and  shining,  and  its  size 
probably  large.  We  found  a  few  specimens  of  it  at  the  Gate  Vein,  New  Philadelphia  ;  but  the  shale  being  very 
brittle,  we  could  not  preserve  a  better  specimen  than  the  one  figured  here.  Many  of  these  leaves,  of  w^hich  the 
outline  was  obliterated,  appeared  wrinkled,  as  if  they  had  been  crushed  in  no  one  given  direction. 

STEMS. 

The  true  relation  of  some  of  the  stems  found  in  the  coal,  with  their  branches  and  leaves,  is  indicated  either 
by  their  form  or  by  the  situation  in  which  they  have  been  found,  and  also  by  the  branches  attached  to  them. 
This  is  the  case,  for  example,  Avith  the  Calamites.  But  when  we  come  to  the  examination  of  most  of  the  large 
trunks  or  stumps  found  in  the  coal  of  transition,  we  are  only  able  to  assert,  by  the  impressions  of  their  bark, 
either  that  they  belonged  to  the  bark  of  some  fern  tree,  or  to  some  genus  of  plants  resembling  the  Lycopodiaceoe 
of  our  time.  The  study  of  those  trees  wliich  are  sometimes  found  well  preserved  in  a  petrified  state  is  now  satis- 
factorily progressing,  by  the  examination  of  the  internal  structure  of  the  wood.  But  this  examination  is  possible 
only  with  the  aid  of  a  strong  microscope,  or  very  thin  polished  plates  of  the  matter.  As  we  have  not  imtil  now 
had  the  facility  for  preparing  these  plates,  and  as  all  the  petrified  wood  which  we  have  seen  in  the  coal-basins  of 
Pennsylvania  has  been  transformed  into  sandstone,  and  its  vessels  entirely  obliterated,  we  can  only  rely  for  our 
descriptions  on  the  prints  left  by  the  base  of  the  leaves  on  the  bark  of  those  trees,  and  not  attempt  a  classification 
fixed  on  other  characters. 

For  the  facility  of  our  descriptions  we  shall  separate  all  the  vegetable  remains  which  have  not  been 
mentioned  above,  into  three  classes, — 1st,  Stems;  2d,  Fruits ;  3d,  Roots. 

1st,  Stems. — In  the  slates  covering  or  supporting  the  coal,  nothing  remains  of  the  trees  which  have  been 
heaped  for  the  formation  of  the  coal  except  the  impressions  of  their  bark.  We  have  given  in  the  introduction  such 
reasons  as  we  could  for  the  explanation  of  this  remarkable  phenomenon.    Sometimes,  it  is  true,  the  form  of  a  tree 
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is  preserved  entire,  buttliis  is  seldom  the  case  ;  and  when  it  happens  in  the  sandstone,  the  woody  matter  has  entirely 
disappeared,  and  been  transformed  into  sandstone,  and  the  mould  only  of  the  external  form  remains  marked  upon 
the  stone.  Many  of  those  trees  became  very  large,  and  the  impressions  of  their  leaves,  very  small  at  first,  but 
growing  up  and  enlarging  with  them,  and  undergoing  some  modifications,  may  lead  the  observer  into  some 
unavoidable  mistakes.  As  soon  after  as  it  was. possible,  we  have  compared  specimens  of  different  ages,  and  our 
descriptions  of  new  species  are  exclusively  in  accordance  with  the  form,  but  never  with  the  size,  of  the  impres- 
sions. 

I.  Caulopteris,  Lind.  and  Hutt. — Stem  very  thick,  tree-like,  round,  marked  without  with  large  scars  left  by 
the  insertion  of  the  petioles  of  loaves  ;  scars  disposed  spirally,  oblong,  oval,  with  a  broad  double  or  simple  margin 
(annulus),  marked  in  the  middle  by  a  fascicule  of  vessels — simple,  oval,  or  curved  above,  horn-like.  In  the 
species  belonging  to  this  genus,  which,  as  we  have  asserted,  contains  the  Ptychopteris,  Sicmmatopteris,  and  Cau- 
lopteris of  Corda,  the  scars  are  ordinarily  obsolete,  and  sometimes  covered  with  the  rootlets  attached  to  the  stem. 
The  true  form  of  the  fascicule  of  vessels  is  visible  only  on  one  scar  of  our  fig.  1,  Plate  XIII.,  in  a,  and  it  is  easy 
to  see  how  it  has  been  overlooked  till  now,  this  form  becoming  entirely  changed  by  the  obliteration  of  the  horns. 
Following  the  observations  of  Mr  Lindley,  and  other  authors,  the  scars  in  this  genus  are  identical  with  those  left 
on  the  stems  of  the  tree-ferns  by  the  falling  of  their  leaves. 

1.  Caulopteris  punctata,  Lesq.,  Plate  XIII.,  fig.  1. — Scars  oval,  obtuse,  about  2  inches  long,  distant,  with  a 
broad  smooth  margin ;  fascicule  of  vessels  simple,  oval,  forming  the  margin,  and  curved  above  in  two  horns. 
Interval  between  the  scars  tliickly  dotted  with  round  elevated  points  resembling  glands,  but  probably  the  base  of 
small  rootlets.    A  beautiful  species  found  at  the  Gate  Vein,  New  Philadelphia. 

2.  Caulopteris  gigantea,  Lesq.,  Plate  XIII.,  fig.  2. — The  difference  between  this  species  and  the  former  is 
not  only  in  the  larger  size  of  the  scars,  but  in  the  entirely  smooth  surface,  and  tlie  divergence  between  the  horns 
of  the  vascular  fascicule.  The  small  specimen  figured  here  is  preserved  in  the  beautiful  collection  of  Mr  Clarkson 
at  Carbondale. 

3.  Caulopteris  Cistii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  418,  t.  140,  fig.  2. — In  this  species  the  form  of  the 
vascular  fascicule  is  entirely  obliterated;  but  it  differs  evidently  from  the  two  former  by  the  intervals  furrowed  in 
the  length — the  scars  being  more  distant,  with  a  broader  margin.  It  has  been  found  at  Wilkesbarre,  sent  to 
Europe,  and  described  by  M.  Brongniart.    We  have  not  seen  any  specimens  of  it. 

II.  PsAROMUs,  Corda. — Stem  thick  and  tree-like,  cylindrical  or  angular,  externally  marked  with  scars, 
the  form  of  which  is  obliterated  by  a  thick  coat  of  rootlets  covering  nearly  the  whole  stem  ;  bark  thick  and  hard. 
The  internal  structure  of  these  trees  is  beautifully  illustrated  and  described  by  M.  Corda  in  his  Be^/irage.  These 
fossil  remains  represent,  we  think,  the  petrified  root-stalk  of  some  large  ferns,  and  do  not  belong,  as  M.  Brongniart 
supposes,  to  the  Lepidodendron.  They  are  found  in  great  abundance  in  some  places,  always  in  shoit  thick  stumps, 
which,  either  by  the  rootlets  with  which  they  are  covered,  or  by  their  form  and  their  internal  structure,  resemble 
the  short  tranks  of  large  ferns  as  they  are  found  in  the  tropical  islands,  especially  on  the  mountains  of  Java.  We 
cannot  describe  any  species  of  this  genus  for  the  reason  mentioned  above — viz.,  the  impossibility  of  polishing  thin 
plates  of  them  for  microscopical  investigation.  But  it  is  necessary  for  us  to  mention  this  genus,  for  the  abun- 
dance of  the  specimens  found  in  the  coal-basins,  and  for  their  peculiar  situation.  Their  place,  wherever  they  have 
been  found,  is  at  the  base  of  the  Barren  measures,  a  little  above  the  fourth  vein  of  coal,  and  very  near  the  slates 
covered  with  marine  shells  and  impressions  of  fern.  There  are  a  great  many  specimens  at  Greensbnrg,  in  the 
cabinets  of  the  Eev.  Mr  Moore,  and  of  Dr  King,  and  especially  at  Marietta,  in  the  beautiful  cabinet  of  Ur  Hildreth. 
These  latter  have  been  found  near  Athens,  Ohio,  but  the  others  were  collected  around  Greensburg,  Pennsylvania. 
The  specimens  of  Ohio  are  entirely  silicified  ;  and  those  which  Mr  Hildreth  has  had  polished  in  Europe  present  as 
fine  an  appearance  as  the  most  beautiful  agate.  We  have  seen  Psaronius  also  at  Charlestown,  Virginia,  on  the 
Great  Kenawha  Saline,  and  at  Gallipolis,  Ohio. 

III.  DiPLOSTEGiuM,  Corda,  Bei/trage,  p.  112. — Stem  thick,  tree-like,  equal,  round,  marked  with  elevated  scars, 
very  near  each  other,  and  spirally  ;  top  of  the  elevated  scars  abruptly  cut,  rhomboidal. 

1.  Diplostegium  Broionianum,  Corda,  Beyt.,  p.  112,  tab.  59. — This  species  is  the  only  one  of  the  genus 
described.  It  much  resembles  a  Knorria,  except  that  the  elevated  scars  are  abruptly  cut  and  transversely  broken, 
and  not  rounded  at  the  top.  We  have  found  a  specimen  of  this  species  at  Summit  Portage,  below  the  Ponent,  in 
a  bank  of  sandstone,  containing  also  large  bivalve  shells.  Our  species  agrees  well  with  the  one  described  by 
M.  Corda. 

IV.  Stigmaria,  Brongt. — Stems  creeping,  2  or  3  inches  in  diameter ;  dichotomous,  covered  with  leaf-like  round 
appendages,  either  simple  or  forking ;  slightly  contracted  at  the  base,  with  a  single  central  vascular  fascicule  ; 
scars  round,  with  a  double  ring  and  a  single  elevated  point  (mamilla)  in  the  middle.  Every  author  who  has 
studied  the  fossil  plants  has  had  a  peculiar  opinion  about  these  fossil  remains,  the  most  abundant  of  any  in  the 
Coal-measures.  It  has  been  asserted,  on  the  observations  of  Mr  Joseph  Hooker  especially,  that  they  were  the 
roots  of  a  peculiar  genus  of  trees — probably  the  Sigillaria.  We  have  had  many  good  opportunities  of  examin- 
ing large  specimens  of  these  vegetable  remains  in  the  coal-basins  of  Pennsylvania,  and  we  have  come  nearlv  to 
the  same  conclusion.  Near  Minersville  there  is  a  flattened  rock,  entirely  covered  with  Stigmaria  ficoides  on  a 
surface  of  about  70  feet  long  and  25  broad.  All  the  branches  are  nearly  equal  in  diameter,  and  all  dichotomous 
or  forking,  and,  forking  again,  extending  themselves  in  every  direction,  and  evidently  creeping  on  the  mud  or  on 
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a  soft  groi:nd,  where  tlioir  rootlets  or  leaves  suijported  tliem.  We  caunot  say,  with  Messrs  Lindley  and  Hutton, 
that  they  are  comiug  out  from  a  common  axis ;  but  that,  at  their  point  of  union,  they  support  a  trunk  of  Sigillaria, 
or  of  another  species  of  tree.  At  Minersville  there  is  no  trace  of  such  an  axis,  but  it  has  been  observed  many 
times  ;  and  we  have  ourselves  seen,  in  the  collection  of  Mr  Moore,  a  beaiitiful  specimen,  illustrating  the  manner 
of  branching  of  the  roots  from  the  tree.  The  stump  is  about  6  inches  in  diameter,  with  pretty  large  scars,  and 
divided  below  into  three  diverging  branches,  of  which  the  diameters  are  about  a  third  of  the  diameter  of  the  trunk, 
and  of  which  the  scars  are  slightly  smaller,  and  of  nearly  the  same  form.  As  the  specimen  is  a  mould  in  the 
sandstone,  the  scars,  which  appear  triangular,  are  not  very  distinct.  This  disposition  of  long  creeping  root-stalks 
is  in  perfect  accordance  with  the  places  which  the  vegetables  forming  the  coal  occupied.  It  was  the  only  one 
which  could  be  devised  to  sustain  large  trees  on  a  soft  and  ordinarily  inundated  ground.  It  explains  the  dispro- 
portion in  the  scarcity  of  trees  with  the  great  abundance  of  Stigmaria  ;  for  these  plants  having  a  growth  by  them- 
selves, and  probably  nearly  independent  of  the  aerial  plant  or  the  tree,  as  is  the  case  in  some  creeping  and 
running  plants,  were  extended  in  every  direction,  covering  the  ground  by  a  network  of  their  branches,  and  thrusting 
an  aerial  branch  or  a  tree  in  some  favourable  condition.  We  cannot  record  here  the  observations  made  by  dif- 
ferent authors  to  prove  that  the  internal  structure  of  the  Stigmaria  is  the  same  as  the  stmcture  of  the  roots,  but 
only  eliminate,  by  a  common  observation,  the  opinion  that  the  Stigmariaj  and  their  ?eaye.s  were  fleshy  plants,  some- 
what like  the  Cacti  of  our  time,  or  like  some  Euphorbia;.  That  they  were  hard  plants  is  estabhshed  by  this  fact — 
that  they  are  found  sometimes  preserved  in  their  outline,  and  scarcely  flattened,  in  circumstances  where  all  other 
vegetable  remains  have  been  entirely  flattened  or  destroyed  ;  and  also  that  they  are  the  only  ones  of  which  the 
impressions  are  preserved  in  the  coal :  the  same  may  be  said  of  their  rootlets,  generally  named  leaves.  And  as  the 
coal  is  sometimes  a  compound  of  their  remains  only,  it  is  not  possible  to  deny  that  their  texture  was  essentially  woody, 
like  the  texture  of  ferns.  Of  their  relation  to  Sigillaria  we  will  assert  nothing  ;  but  we  think  that  their  relation  is 
as  near  to  Lepidodendron  as  to  Sigillaria.  We  have  seen  some  impressions  of  Stigmaria  possessing  the  form  of 
Sigillaria,  but  the  transition  was  not  very  distinct.  As  the  number  of  trees,  especially  of  Sigillaria,  is  large,  and 
there  are  a  great  many  different  species  of  them,  we  think  that  it  would  be  right  to  admit  many  species  of  Stig- 
maria, instead  of  classifying  them  in  two  or  three  species  with  a  quantity  of  varieties. 

1.  Stigmaria  Jicoides,  Brongt. — Stems  creeping,  branches  alternate,  dichotomous  ;  rootlets  long  and  round  ; 
intervals  between  the  scars  smooth  or  plaited,  ribbed  or  wrinkled.  It  is  the  most  common  plant  found  in  the  coal- 
basins  of  Pennsylvania,  especially  in  the  lower  veins.  It  has  been  many  times  asserted  that  these  Stigmaria  are 
commonly  found  in  the  shale  of  the  bottom  of  the  veins,  and  that  they  are  scarcely  present  in  the  shales  of  the 
roof.  We  have  carefully  examined  the  general  position  of  these  plants,  and  have  found  them  evenly  distributed 
in  the  whole  extent  of  the  coal-basin,  but  generally  in  greater  abundance  in  the  low  beds  of  coal.  Sometimes 
this  abundance  at  a  particular  locality  is  astonishing,  either  at  the  roof  or  at  the  bottom  of  the  seams — so  much  so, 
that  there  are  no  traces  of  any  other  vegetables ;  but  this  predominance  is  nowhere  so  general  a  fact  that  we  can 
draw  any  conclusions  as  to  their  distribution.  In  the  bottom  and  also  in  the  roof  shales  of  the  Mammoth  Vein  at 
Minersville,  they  are  so  jjlentiful  that  they  entirely  cover  the  slates  ;  but  one  finds  them  nearly  as  abundant  on  the 
roof  of  the  South  Salem  Vein  at  Pottsville — a  vein  generally  considered  as  the  uppermost  of  the  anthracite  series. 
Perhaps  it  may  be  asked  why  we  admit  these  plants  as  creeping  ones.  It  is  easy  to  answer.  On  all  the  large 
surfaces  covered  with  Stigmaria  that  we  have  examined,  we  have  seen  them  horizontally  placed,  though  they  had 
preserved  their  cylindrical  form  in  many  instances ;  and  in  such  cases  their  rootlets  were  descending  in  the  shale 
in  every  direction,  varying  from  a  very  oblique  position  to  a  perpendicular  one. 

2.  Stigmaria  anahatlira,  Corda,  Beytr.,  Plate  XXXVL,  p.  14. — Stem  thick,  forking,  creeping  ;  intervals  between 
the  scars  either  plated-ribbed  or  stellate.  A  very  variable  species,  if  we  adopt  the  diagnosis  established  on  the 
internal  structure  of  the  wood,  without  taking  into  account  its  external  character.  But  we  think  that  these 
internal  characters — viz.  the  thickness  of  the  woody  cylinder,  and  the  breadth  of  the  vessels — may  belong  to  many 
species.    Commonly  found  with  the  former. 

3.  Stigmaria  costata,  Lesq.,  Plate  II.,  fig.  3. — Differs  from  the  former  by  the  nearly  regular,  strong,  and 
elevated  ribs  which  separate  the  rows  of  scars  placed  in  regular  order,  rcsembhng  the  spiral  position  of  the 
scars  of  Sigillaria.  Perhaps  our  specimen,  found  at  Salem  Vein,  Potts-^-ille,  was  broken  from  the  base  of  a  Sigil- 
laria. Perhaps  this  species  is  Stigmaria  regidaris,  Brongt.  {Prod.,  p.  88),  a  species  mentioned  but  not  yet  described 
by  this  author. 

4.  Stigmaria  umhonata,  Lesq. — Differs  from  Stigmaria  Jicoides  by  the  scars  being  at  least  t^\-ice  as  broad  and 
elevated,  and  having  a  single  ring  at  the  border.  It  may  be  Stigmaria  tuberculosa,  Brongt.  [Prod.,  p.  88),  an  unde- 
scribed  species. 

5.  Stigmaria  irregularis,  Lesq.,  Plate  II.,  No.  4. — Stem  deeply  and  narrowly  ribbed ;  scars  distant  and 
scarce,  oval,  sometimes  acute  at  both  ends,  sometimes  round,  placed  without  order.  As  we  have  only  the  small 
specimen  figured  liere,  found  at  the  Gate  Vein,  Pottsville,  it  would  have  been  perhaps  as  well  to  omit  mentioning 
it.  Its  appearance  is  very  peculiar,  resembling  a  calamites,  with  the  marks  of  rootlets,  and  so  evidently  a 
Stigmaria. 

6.  Stigmaria  radicans,  Lesq.,  Plate  II.,  No.  2. — Stem  about  two  inches  broad,  narrowly  striate  in  its  length ; 
scars  irregular,  and  irregularly  placed  ;  rootlets  apparently  round  and  attenuated  at  the  base.  The  Salem  Vein, 
Pottsville.    Scarcely  a  true  Stigmaria,  looking  much  more  like  a  root. 
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7.  Stigmaria  minufa,  Lesq.,  Plate  XVI.,  figs.  1,  2. — Stem  thick ;  lower  scars  very  small,  and  near  each 
other,  placed  in  a  si^iral  line,  round  ;  the  superior  ones  more  distant,  oval,  pointed,  or  open  in  their  inferior  part ; 
central  scars  elongated,  like  a  deep  narrow  line  dividing  the  general  scars.  Both  specimens  figured  here  belong 
to  the  same  species,  found  in  the  Vespertine  below  Pottsville.  We  have  followed  the  transitions  between  both 
forms — the  first  evidently  a  Stigmaria,  the  second  one  belonging  to  a  SigiUaria,  or  perhaps  to  a  Lepidodendron. 

V.  SiGiLLARiA,  Brongt.,  Hist,  des  Vcg.  Foss.,  i.  p.  422. — Stems  large,  tree-like,  ordinarily  marked  with  parallel 
or  reticulated  ribs  ;  scars  of  the  leaves  placed  spirally  in  the  middle  of  those  ribs  ;  scars  disciform,  oblong,  round, 
scarcely  lanceolate  crosswise,  with  the  sides  mostly  angular,  marked  in  tlie  middle  by  the  vascular  scars,  ordin- 
arily placed  by  three  or  by  two,  but  seldom  single.  M.  Brongniart,  taking  into  consideration  the  internal  structure  of 
the  plants  of  this  class,  has  admitted  them  as  probably  belonging  to  the  phanerogamous  dicotyledonous  plants,  and  so 
has  removed  them  far  from  the  Lepidodendra.  We  cannot  admit  this  opinion.  The  leaves  of  the  SigiUaria,  their 
position  on  the  stem,  and  the  scars  left  by  them,  have  so  great  an  affinity  with  those  of  the  Lepidodendron  that 
we  cannot  but  conclude  that  these  classes  of  plants  are  closely  related  to  each  other.  We  have  no  plants  now 
living  which  can  be  compared  with  the  SigiUarice — the  nearest  ones  are  the  Lycopodiacecp — and  so  we  think 
that  their  tnie  place,  far  removed  from  the  dicotyledonous  plants,  is  between  the  Lycopodiaceoi  and  the  ferns, 
differing  from  the  former  in  the  manner  in  which  the  leaves  are  attached  to  the  stem,  and  I'rom  the  ferns  especially 
by  the  form  of  their  long,  linear,  grass-like  leaves.  Like  the  Lepidodendra,  these  SigillarioR  bore  their-  leaves 
on  their  young  shoots,  or  on  the  summits  of  their  branches,  and  the  leaves  falling,  easily  left  small  scars,  which 
were  enlarged  as  the  trees  were  growing  up.  We  have  never  seen  as  large  trunks  Sigillarice  as  those  of  Lepido- 
dendra ;  nevertheless,  there  are  many  standing  around  Carbondale,  and  visible  in  the  bed  of  the  river,  of  which 
the  diameter  is  from  8  inches  to  1  foot. 

1.  SigiUaria  lepidodendrifoUa,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  426,  t.  161. — Stem  without  ribs,  undulate, 
transversely  wrinkled  below  the  scars,  the  wrinkles  parallel  to  the  base  of  the  scars  ;  scars  nearly  rhomboidal ; 
lateral  angles  acute,  the  inferior  and  the  superior  rounded  ;  vascular  scars,  three  well  marked,  the  medial  one 
punctiform,  the  lateral  ones  Linear,  arched  ;  leaves  long,  keeled,  three-nerved,  enlarged  at  the  base.  Seen  at  the 
Lehigh  Summit.  The  scars,  though  nearly  obliterated,  are  visible  enough  to  indicate  that  our  species  is  the 
same  as  M.  Brongniart's.    It  has  also  the  leaves  attached  to  it. 

2.  SigiUaria  scidpta,  Lesq.,  Plate  XIII.,  fig.  3. — Stem  irregularly  and  narrowly  striate  in  its  length,  without 
ribs  ;  wrinkles  imdulate  ;  scars  elevated,  smooth,  quadrangular,  rhomboidal  oblique,  emarginate  cordate  above, 
«dth  the  other  angles  acute  ;  vascular  scars  three,  the  medial  one  oval,  placed  crosswise,  the  lateral  ones  linear, 
arched.  A  fine  species,  somewhat  resembling  the  following,  but  differing  by  the  elevated  scars,  emarginated 
above,  and  pointed  below.  In  its  corticated  state  the  scars  are  square  and  ribbed,  as  figured  in  a.  The  Gate 
Vein,  New  Philadelphia. 

3.  SigiUaria  obUqua,  Brongt. — Surface  of  the  stem  undulate,  striate,  or  scarcely  ribbed,  the  ribs  indicated  by 
undulate  lines  ;  scars  oblique,  half  round  at  the  base,  angular,  trapeziform  above  ;  vascular  scars  thi-ee,  oblong. 
We  have  found  it  at  the  same  vein  as  the  foi-mer,  but  very  scarce. 

4.  SigiUaria  fissa,  Lesq.,  Plate  XIII.,  fig.  4. — Surface  undulate,  marked  in  its  length  by  narrow,  undulate, 
smooth  lines  ;  scars  distant,  elevated,  cordate,  obtuse  in  outline,  deeply  emarginate  above,  round,  obtuse  below, 
with  two  acute  angles  at  both  sides,  and  a  single  oval  vascular  scar,  attached  in  the  middle  of  a  semilunar  or 
arched  ring.    A  beautiful  species,  found  at  Muddy  Creek. 

5.  SigiUaria  dilatata,  Lesq.,  Plate  XIII.,  fig.  5. — Surface  marked  with  thin,  undulate,  and  smooth,  very 
narrow  lines  ;  scars  near  each  other,  plane,  enlarged  on  the  sides,  and  nearly  twice  as  broad  as  high ;  emarginate 
cordate  above,  very  obtuse  below,  lateral  angles  very  acute  ;  vascular  scars  three,  the  medial  one  broadly  oval 
crosswise,  the  lateral  ones,  linear,  arched.  In  its  corticated  state  it  is  narrowly  undulated  on  the  whole  surface, 
with  the  lines  only  diverging  above  the  vascular  scars,  which  are  oval,  the  two  exterior  lengthwise,  the  central 
one  crosswise.    Preserved  in  the  collection  of  Carbondale. 

6.  SigiUaria  Schimperi,  Lesq.,  Plate  XIV.,  fig.  1. — Surface  imdulated,  narrowly  plaited,  and  striate  crosswise; 
scars  slightly  undulated,  striate  in  the  same  direction,  nearly  round  in  outline  ;  the  upper  marginal  line  well 
marked,  and  extending  horizontally  on  both  sides,  the  inferior  one  slightly  marked,  rounded  ;  vascular  scars  two, 
oval,  placed  below  an  arched  linear  depression.  Muddy  Creek.  A  beautiful  and  remarkable  species,  dedicated 
to  our  friend  Professor  W.  P.  Schimper,  the  eminent  European  Bryologist,  and  author  of  the  Fossil  Flora  of  the 
Red  Sandstone  of  the  Vosges. 

7.  SigiUaria  stellata,  Lesq.,  Plate  XIV.,  fig.  2. — Surface  deeply  marked  with  undiilated  branching  lines  or 
wrinkles,  diverging  in  every  direction  from  the  scars  and  around  them  ;  scars  nearly  plane,  hexagonal,  the  upper 
side  obtusely  emarginate,  the  under  side  obtuse,  the  others  straight,  equal ;  vascular  scars  three,  the  medial  one 
semilunar,  the  lateral  ones  placed  a  little  higher,  oval,  pointed  downwards,  and  diverging  to  the  sides.  Large 
specimens  of  this  beautiful  species  are  preserved  in  the  cabinet  of  Mr  Clarkson,  at  Carbondale. 

8.  SigiUaria  Menardi,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  430,  t.  158,  figs.  5,  6. — Stem  mamillate,  furrows 
distinct,  reticulated,  joined  crosswise  ;  scars  close,  nearly  as  large  as  the  mamilla?,  equal,  nearly  round,  slightly 
enlarged,  and  obtuse  on  the  sides,  emarginate  above ;  leaves  very  long,  linear,  keeled,  many-nerved  ;  nerves 
parallel,  equal,  thin,  obsolete.  Muddy  Creek  and  Gate  Vein,  New  Philadelphia.  Common  in  the  superior  beds 
of  the  anthracite  basins  of  Pennsylvania.    Our  species  is  evidently  the  same  as  the  one  described  by  M.  Brongniart; 
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it  differs  only  by  the  very  narrow  furrows  between  tlie  scars ;  but  this  is  only  accidental.  "We  have  seen  also 
specimens  with  broader  furrows. 

9.  Sigillaria  Brardii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  pp.  65,  431,  t.  158,  fig.  4. — Stem  undulate,  mamillate ; 
maniilla;  nearly  plane  ;  furrows  obtuse,  distinct,  reticulated  crosswise  ;  surface  corticated,  smooth,  decorticated, 
striate  in  its  length  ;  scars  nearly  round,  smaller  than  the  mamillae,  with  the  angles  acute  on  the  sides,  emarginate 
above ;  vascular  scars  three,  oblong,  the  medial  one  transversal.    Gate  Vein  of  New  Philadelphia. 

10.  Sigillaria  Defrancii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  432,  t.  159,  fig.  1. — Stems  mamillate  ;  mamillae 
transversely  lanceolate  ;  furrows  deep,  acute,  reticulate,  distinct,  smooth  ;  scars  discoid,  with  the  lateral  angle 
acutely  keeled  ;  inferior  margin  slightly  convex,  superior  very  arched  and  slightly  emargiuate ;  vascular  scars 
three,  the  medial  one  like  a  point,  the  lateral  ones  linear,  arched.    Muddy  Creek — scarce. 

11.  Sigillaria  Serlii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  433,  t.  158,  fig.  9. — Stem  mamillate,  with  the  mamillae 
elevated,  nearly  rhomboidal,  broader  transversely  ;  furrows  deep  and  distinct ;  scars  placed  in  the  upper  part  of  the 
mamilla',  transversely  lanceolate,  with  the  lateral  angles  very  acute,  decuiTent  in  the  mamilla; ;  vascular  scars 
three  points.    Seen  in  the  Trevorton  low  coal.    The  specimen  is  not  very  distinct. 

12.  Sigillaria  tessellata,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  436,  t.  157,  fig.  1,  t.  162,  figs.  1-4.  —  Surface 
marked  with  longitudinal  undulated  narrow  ribs  ;  scars  discoid,  as  broad  as  the  ribs,  about  square  ;  hexa- 
gonal, with  the  sides  obtuse,  and  slightly  emarginate  above.  Trevorton  coal ;  specimen  indistinct.  It  has  been 
sent  to  M.  Brongniart  from  Wilkesbarre. 

13.  Sigillaria  elegans,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  438,  t.  146,  fig.  1 ;  t.  155  and  158,  fig.  1. — Surface 
ribbed  ;  ribs  and  furrows  deeply  marked,  alternately  enlarged  and  narrowed,  and  so  undulated  ;  ribs  slightly 
mamillate ;  mamilla;  nearly  hexagonal,  convex,  laterally  broader ;  scars  discoid,  near  each  other,  and  nearly  as 
large  as  the  mamilla? ;  vascular  scars  three,  the  lateral  ones  arched,  the  central  linear,  horizontal.  Lehigh 
Summit,  and  also  New  Philadelphia. 

14.  Sigillaria  BrocJiantii,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  442,  t.  159,  fig.  2. — Stems  marked  with  deep 
undulated  furrows,  slightly  mamillate,  smooth ;  scars  oblicjue,  rhomboidal,  transversely  lanceolate,  with  the  lateral 
angle  very  acute ;  superior  and  inferior  ones  arched,  obtuse  ;  vascular  scar,  a  single  central  point.  Found  at 
Lehigh  Summit ;  a  broken  but  distinct  specimen. 

15.  Sigillaria  alveolaria,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  443,  t.  162,  fig.  5. — Stem  ribbed ;  ribs  equal, 
narrow  ;  scars  discoid,  nearly  contiguous,  oval,  without  angles ;  vascular  scars,  three  points  placed  in  the  upper 
part  of  the  disc.  Shamokin. 

16.  Sigillaria  scutellata,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  455,  t.  150,  fig.  23,  t.  163,  fig.  3. — Stems  ribbed; 
ribs  convex,  equal,  or  alternately  contracted  and  enlarged  at  the  scars  ;  furrows  deep,  straight,  or  sinuous,  dis- 
tinct ;  scars  discoid,  round,  oval,  about  as  large  as  the  ribs  ;  longer  than  broad,  slightly  angular  on  the  sides,  and 
round,  keeled  at  the  base  ;  vascular  scars  three,  punctii'orm.    Found  at  Muddy  Creek, — a  poor  specimen. 

17.  Sigillaria  Sillimanni,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  460,  t.  147,  fig.  1. — Stem  ribbed;  ribs  alternately 
and  sliglitly  contracted  and  enlarged ;  transversely  wrinkled  above  the  scars,  and  obliquely  below  ;  scars  discoid, 
twice  as  far  from  each  other  as  their  length,  a  little  narrower  than  the  ribs,  oval,  oblong,  rounded  on  each  side ; 
vascular  scars  three — the  medial  one  purictiform,  the  lateral  ones  linear,  arched.  A  species  described  by  M. 
Brongniart,  on  specimens  sent  from  Wilkesbarre.    We  have  not  seen  any  specimens  of  it. 

18.  Sigillaria  oculata,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  461. — Stem  ribbed;  ribs  narrow,  with  straight  dis- 
tinct furrows  ;  bark  smooth  ;  scars  discoid,  oval-rounded,  emarginate  above,  more  distant  from  each  other  than 
the  diameter  of  the  ribs ;  vascular  scars,  three — the  medial  one  punctiform,  the  lateral  ones  oblong,  arched.  Found 
at  Trevorton  in  its  decorticated  state,  as  figured  by  Sternberg  [Vers.  1-3,  p.  40,  t.  31,  fig.  1),  and  described  under 
the  name  of  Syrigodendron  complanatum. 

19.  Sigillaria  polita,  Lesq.,  Plate  XIV.,  fig.  3. — Stem  ribbed;  ribs  nearly  plane,  very  smooth,  as  broad  as  the 
distance  between  the  scars ;  separated  by  narrow,  deep,  and  veiy  straight  furrows  ;  scars  discoid,  enlarged  both 
sides,  round  above,  the  lower  margin  convex,  with  two  lateral  angles  very  obtuse  ;  vascular  soars  three — the 
medial  one  transverse,  linear,  straight  in  the  middle,  and  convex  at  both  ends  ;  the  lateral  ones  linear,  arched. 
This  fine  species  from  Carbondale  has  some  affinity  with  both  Sigillaria  Saullii,  Brongt.,  and  Sigillaria  hyppocrepis, 
Brongt.,  different  from  the  first  by  its  straight  and  larger  ribs — from  the  second  by  the  romid  base  of  the  scars 
and  the  flattened  ribs. 

20.  Sigillaria  dubia,  Lesq. — Stems  ribbed  ;  ribs  well  marked,  narrow,  half  an  inch  broad,  with  the  furrows 
obtuse,  deeply  marked  ;  very  narrowly  striate  or  wrinkled  in  its  length  ;  scars  about  tM'ice  as  distant  from  each 
other  as  they  are  long  ;  obovate,  with  the  lateral  angles  scarcely  marked ;  vascular  scars  three,  placed  above — 
the  medial  one  semilunar,  with  the  horns  turned  upwards,  and  nearly  converging;  the  lateral  ones  linear,  straight, 
parallel ;  bark  thick,  striate.  Trevorton  low  coal.  It  is  very  near  Sigillaria  Cortes,  Brongt.  [Hist,  des  Veg.  Foss.,  i. 
p.  167,  t.  147,  figs.  3,  4) ;  differing  only  in  the  greater  distance  of  the  scars,  being  broader  at  the  base,  and  by  the 
wrinkles  more  deeply  marked  on  the  ribs.    Perhaps  a  variety. 

21.  Sigillaria  obovata,  Lesq.,  Plate  XIV.,  fig.  4. —  Stem  ribbed;  ribs  broad,  a  little  more  than  one  inch,  nearly 
flat  and  smooth,  or  obsoletely  striate  ;  furrows  deep  and  narrow  ;  scars  a  little  less  distant  from  each  other  than 
the  breadth  of  the  ribs;  obovate;  inferior  margin  very  obtuse;  vascular  scars  three — the  medial  one  linear,  short; 
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the  lateral  ones  linear,  sliglitly  arched.  Trevorton  Coal,  low  beds.  This  species  is  related  to  the  former  by  the 
obovate  form  of  the  scars,  evidently  differing  by  its  broad,  flat,  smooth  ribs,  and  the  form  of  the  vascular  scars. 
The  bark  is  striated  lengthwise,  as  in  the  former  ;  but  the  scars  on  the  bark  are  semilunar  in  this  species,  and 
squarish-oval  in  the  former. 

22.  Sigillaria  reniformis,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  470,  t.  142. — Eibs  very  broad,  flattened,  scarcely 
striate  in  their  length  ;  scars  reniform,  rounded,  a  little  broader  than  long,  emarginate  above  ;  furrows  faintly 
marked  ;  bark  thick  ;  vascular  scars  of  the  decorticated  stem  geminate,  oval,  oblong.  The  Gate  Vein  at  Potts- 
ville  and  New  Philadelphia ;  common  in  the  superior  beds  of  the  anthracite  basins,  but  always  found  in  its  decor- 
ticated state. 

23.  Sigillaria  Icevigata,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  471,  t.  143. — Stem  ribbed;  ribs  very  broad,  flattened, 
with  deep  acute  furrows  ;  bark  thick,  thinly  striated,  or  wrinkled  in  its  length  ;  scars  discoid,  hexagonal,  rounded, 
with  the  lateral  angles  obtuse  ;  vascular  scars  three — the  medial  one  very  small,  the  lateral  ones  oval-lanceolate, 
larger.  In  the  decorticated  state,  the  vascular  scars  are  geminate,  contiguous,  very  large.  New  Philadelphia, 
Gate  Vein ;  found  only  decorticated. 

24.  Sigillaria  elongata,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  473,  t.  145  and  146,  fig.  2. — Stem  ribbed  ;  ribs 
straight,  equal,  with  deep  angular  furrows  ;  scars  discoid,  oblong,  lanceolate  ;  truncate  at  the  base  and  at  the  sum- 
mit, or  slightly  emarginate  above  ;  vascular  scars  three,  placed  above — the  medial  one  very  small,  the  lateral  ones 
oblong;  bark  thick;  decorticated  stem  deeply  striate  ;  scars  oblong.   Lehigh  Summit;  a  specimen  scarcely  distinct. 

25.  Sigillaria  rugosa,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  476,  t.  144,  fig.  2. — Stem  ribbed  ;  ribs  plane,  equal; 
fuiTows  straight,  narrow,  distinct ;  ribs  marked,  with  very  slender  points  in  the  middle,  between  the  scars  ;  scars 
discoid,  oval,  distant  twice  their  length  ;  vascular  scars  three,  placed  above — the  medial  one  like  a  point,  the 
lateral  ones  oblong,  parallel.    Sent  to  M.  Brongniart  from  Wilkesbarre  ;  known  to  us  only  by  his  descrijition. 

26.  Sigillaria  alter  nans,  Lind.  &  Hutt.,  Foss.  FL,  i.  p.  159,  t.  G. — Stem  ribbed  ;  ribs  broad,  equal ;  scars  two, 
approximate,  elliptical,  with  a  small  vascular  scar  in  the  middle.    Pittsburg  Seam  at  Greensburg. 

27.  Sigillaria  catemdata,  Lind.  &  Hutt.,  Foss.  Fl,  i.  p.  159,  t.  56. — Stem  ribbed;  ribs  broad;  scars  elliptical,  long, 
or  lanceolate,  acute  at  both  ends,  joined  together  by  a  continuous  line  without  any  vascular  scar,  except  a  point 
in  the  middle.  Trevorton  Low  Coal.  These  two  last  species  are  evidently  the  decorticated  state  of  species  either 
already  published  with  other  names,  or  unknown  in  their  perfect  form. 

28.  Sigillaria  discoidea,  Lesq.,  Plate  XIV.,  fig.  5. —  Stems  furrowed  ;  furrows  distant,  irregular,  deeply  marked 
and  wrinkled  ;  distance  between  them  large — two  or  three  inches  ;  flattened ;  irregularly  dotted  ;  scars  discoid  or 
round,  elevated,  half  globular,  diminishing  in  size,  sUghtly  emarginate  below,  very  near  each  other,  marked  in  the 
middle  with  a  deep  irregular  point.  We  have  given  a  true  copy  of  this  vegetable  relic  ;  we  have  it  from  a  sand- 
stone rock  at  Lehigh  Summit.  Its  place  in  the  family  of  the  Sigillarice  is  scarcely  acceptable.  But  as  we  could 
not  obtain  any  good  specimens  for  further  examination,  we  have  nothing  else  to  say  about  its  other  characters  ;  we 
mention  it  here  till  some  better  opportunity  to  study  it  is  afforded. 

VI.  Syrigodendron,  Sternb.  &  Brongt. — Stems  furrowed,  ribs  equal,  parallel,  covered  vdth  a  bark  ordinarily 
transformed  into  coal,  bearing,  on  the  exterior  surface  of  the  ribs,  small  scars  which  are  not  discoid,  and  have 
no  impressions  of  vascular  scars. 

1.  Syrigodendron  pachyderma,  Brongt.,  Hist,  des  Veg.  Foss.,  i.  p.  479,  t.  166,  fig.  1. — Bark  thick  ;  ribs  and 
furrows  obtuse,  distinct,  striate  on  their  external  surface  ;  winkles  (striae)  arched,  and  converging  to  the  scars, 
which  are  small,  nearly  square,  bitoothed  above  :  in  the  decorticated  state  the  scars  are  linear  and  simple.  Com- 
mon at  Trevorton  Low  Coal. 

2.  Syrigodendron  cyclostegium,  Brongt.,  Hist,  des  Veg.Foss.,i.  pp.  480  and  166,  figs.  2,  3. — Bark  thin;  ribs  convex, 
with  broad,  obtuse,  distinct  furrows  ;  striate  ;  scars  marked  on  an  elevation  of  the  ribs ;  nearly  round,  forming  a 
small  depressed  circle.  Same  locality  as  the  former.  A  large  perpendicular  wall  of  roof-slate  at  Trevorton  is 
covered  with  the  stems  or  bark  of  these  Syrigodendron.    (See  Sketch.) 

VII.  Lepidodendron,  Stemb. — Stems  large,  tree-like,  sometimes  as  long  as  one  hundred  feet  or  longer ; 
dichotomous,  bearing  leaves  on  the  young  branches  or  shoots  ;  brandies  ordinarily  fastigiate.  Leaves  linear,  some- 
times linear-lanceolate  ;  bark  covered  with  the  scars  left  by  the  falling  of  the  leaves  at  their  point  of  attachment ; 
oval-lanceolate  or  acute  at  both  ends,  marked  on  the  middle  or  above  it  by  a  triangular  or  rhomboidal  vascular 
impression,  ordinarily  transversely  three-pointed  ;  below  the  inferior  angle  of  the  vascular  scar  there  are  ordinarily 
two  oval  slightly  diverging  impressions  which  we  name  tubercles,  and  a  medial  line  from  the  base  of  the  vascular 
scar  to  the  tail  of  the  general  scar  ;  this  line  sometimes  follows  the  direction  of  the  scars,  descending  from  one  to 
the  other,  and  nearly  divichng  them  into  two  longitudinal  parts.  In  this  case  it  is  ordinarily  stopped  above  the 
vascular  scar  by  a  chverging  fun'ow,  forming  a  lid  or  a  crown,  either  triangular  or  trapezoidal,  above  the  vascular 
scars.  We  name  the  distance  between  the  scars  a  margin;  it  is  ordinarily  a  good  character.  It  is  tnily  astonish- 
ing to  see  how  well  these  impressions  of  the  scars  of  the  Lepidodendron  have  been  preserved.  We  have  seen 
many  specimens  at  Mr  Clarkson's,  and  one  also  at  Mr  Moore's,  of  which  the  impressions  were  as  distinct  as  if 
they  had  been  carved  in  the  stone  by  the  best  engraver.  We  have  had  good  opportunity  for  studying  the 
remarkable  fossil-remains  of  this  family  in  the  cabinet  of  Mr  Clarkson  at  Carbondale,  where,  during  more  than 
fifteen  years,  that  gentleman  has  collected  the  largest  and  most  beautiful  specimens.    The  roof  of  the  vein  of 
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coal  worked  at  Carbondale,  under  the  direction  of  Mr  Clarkson,  is  almost  entirely  covered  with  impressions  of 
trunks  of  Lepidodendra,  sometimes  of  an  immense  size.  There  are  some  of  them  seventy  feet  long  and  about 
two  feet  broad,  which  are  not  at  all  narrowed  at  the  upper  end,  where  they  are  broken,  and  which  consequently 
must  have  been  mucli  longer  tlian  the  preserved  part.  The  affinity  of  these  trees  with  the  Lycopodiacece  of  our 
time  has  been  fully  established  by  Mr  Hooker  from  his  observations  on  the  internal  structure  of  the  fi-uits,  the 
Lepidostrobi.  But  we  know  nothing  about  the  mode  of  growth  of  these  enonnous  vegetables,  nor  how  they  were 
sustained  on  the  soft  ground  where  they  were  living.  We  cannot  assert  anytliing  satisfactoiy  in  this  matter ; 
but  we  think  that  for  this  genus,  as  for  the  Sigillarice,  the  roots  were  nothing  but  the  long  creeping  Stigmaria, 
making  by  their  ramification  a  true  network  to  support  the  tree,  and  drawing,  by  their  long  and  innumerable 
rootlets,  the  vegetable  sap  in  sufficient  abundance  to  promote  the  rapid  growth  of  those  trees  bearing  only  small 
leaves  at  the  upper  part  of  their  branches.  We  find  in  many  Lycopodiacea  the  same  disposition  of  roots  and 
branches. 

1.  Lepidodendron  aculeatum,  Stemb.,  Vers.,  i.  p.  10,  and  2  3,  t.  6,  fig.  2,  and  t.  8,  fig.  1. — General  scars  oboval, 
elliptical,  narrowed  and  acute  at  both  ends  ;  tail  pointed  and  cui-ved  below ;  vascular  scars  obtuse,  regularly 
rhomboidal ;  medial  line  deeply  transversely  short-wrinkled  ;  tubercles  ovaL  A  variable  species  commonly  found 
in  the  low  beds  of  the  coal-basins.    Minersville,  Lehigh  Summit,  Carbondale,  &c. 

2.  Lepidodendron  rugosum,  Stemb.,  ii.  p.  178,  t.  68,  fig.  4. — Scars  oval,  naiTOwed,  acuminate  at  both  ends ; 
vascular  scars  trapezoidal,  transversely  marked  with  three  points  united  by  an  elevated  Hue  ;  tubercles  two,  one 
of  them  sometimes  obliterated  ;  medial  line  furrowed  broadly,  transversely  wrinkled.  Carbondale  and  Zanesville, 
Ohio. 

3.  Lepidodendron  crenaium,  Stemb.,  Vers.,  i.  p.  10,  figs.  20,  23,  t.  8,  fig.  2. — Scars  elliptical,  naiTowly  pointed  at 
both  ends,  shghtly  curved  below ;  vascular  scars  large,  acute,  rhomboidal,  three-pointed  ;  medial  line  transversely 
wrinkled  in  its  inferior  part  only ;  transverse  points,  and  turbercles  obsolete.  Found  at  Carbondale.  In  our 
specimens  the  vascular  impression  is  acute  at  both  sides. 

4.  Lepidodendron  obovatum,  Sternb.,  Vers.,  i.  p.  10,  t.  6,  fig.  i.  t.  8,  fig.  1. — General  scars  obovate,  pointed 
above,  narrowed  and  acuminate  below,  vascular  scars  rhomboidal  obtuse,  vdth  three  somewhat  obliterated  points. 
Common  in  the  low  beds  of  the  coal-basins. 

5.  Lepidodendron  modulaturn,  Lesq.,  Plate  XV.,  fig.  1. — Scars  oval,  narrowed  acuminate  at  both  ends,  curved 
at  the  base,  separated  by  a  broad,  half  round,  elevated,  and  deeply- wrinkled  margin  ;  wrinkles  undulated,  and 
parallel  to  the  scars  ;  vascular  scars  rhomboidal,  obtuse  arched  above,  narrowed  at  the  base  in  a  long  point,  acute 
at  both  sides,  marked  with  three  transverse  points  united  by  a  depressed  line ;  tubercles  narrow  ;  medial  line 
deeply  marked  and  transversely  furrowed  by  deep  short  wrinkles  ;  appendage  double.  A  beautiful  species 
preserved  at  Carbondale  somewhat  resembling  Lepidodendron  riigosum. 

6.  Lepidodendron  giganteum,  Lesq.,  Plate  XV.,  fig.  2. — General  scars  oval,  trapezoidal,  elongated,  acute  both 
ends  ;  vascular  scars  nearly  in  the  middle  ;  rhomboidal,  quatkangular,  with  thi"ee  points  in  the  middle  ;  appendages 
irregular,  longer  on  one  side  ;  tubercles  very  small,  short,  oval;  medial  line  marked  fi-om  the  summit  to  tlie  lower 
end  of  the  scars ;  smooth.  Common  at  Carbondale,  and  found  also  at  Lehigh  Summit.  This  species  may  be  the 
same  as  the  Lepidodendron  undulatum,  Sternb.,  this  being  in  a  decorticated  state. 

7.  Lepidodendron  vestitum,  Lesq.,  Plate  XVI.,  fig.  3. — General  scars  oval,  trapezoidal,  acute  at  both  ends, 
separated  by  an  irregular  smooth  margin,  covering  the  borders  of  the  scars ;  vascular  scars  quadrangidar,  trape- 
zoidal, placed  at  the  summit  of  the  general  scars,  with  tluee  points  in  the  middle ;  no  appendages ;  tubercles 
large,  oval ;  medial  line  deep,  smooth,  curved.  A  peculiar  and  well-characterised  species,  foimd  at  Wilkesbarre. 
The  margins  of  the  scars  are  sometimes  very  broad,  covering  the  borders  of  the  scars,  but  detached  from  them 
like  a  frame,  and  easily  broken  and  falUng  off. 

8.  Lepidodendron  conicum,  Lesq.,  Plate  XV.,  fig.  3. — General  scars  oval,  acute,  and  nan-owed  at  both  ends  ; 
vascular  scars  triangular,  conical,  with  a  single  oval  point  in  the  middle,  and  two  broad  oval  tubercles  below  ; 
appendages  none  ;  medial  line  marked  only  by  a  row  of  long,  undidate,  transverse  wrinkles ;  margins  flat,  broad, 
deeply  wrinkled  ;  wrinkles  parallel  to  the  scars,  or  marked  in  the  same  direction.  Carbondale,  where  we  have 
found  many  specimens.    Though  well  marked  and  distinct,  it  may  be  a  decorticated  impression, 

9.  Lepidodendron  oculatum,  Lesq.,  Plate  XVI.,  fig.  4. — Scars  oval,  acuminate  at  both  ends ;  vascular  scars 
marked  only  in  the  superior  outline  by  a  linear  hue,  ciuved  like  a  bow,  and  transversed  by  another  naorow  per- 
pendicular line,  at  the  base  of  which  there  are  marked  two  large  oval  tubercles ;  medial  line  deeply  wrinkled, 
obsolete  ;  margin  of  the  scars  very  broad  (half  an  inch),  flat,  undulately  ■\\Tinkled  or  striate.  A  beautiful  species, 
perhaps  the  same  as  the  following  in  its  decorticated  state.    Preserved  at  Carbondale. 

10.  Lepidodendron  distans,  Lesq.,  Plate  XVI.,  fig.  5. — Scars  oval,  lengthened,  acute,  or  acuminate  at  both 
ends  ;  vascular  scars  rhomboidal,  square,  transversely  marked  with  tlrree  points ;  appendages  two  on  each  side ; 
tubercles  small,  diverging  ;  medial  line  deep,  transversely  cut  by  broad  short  wrinkles  ;  margin  between  the 
scars  very  broad,  striate,  or  wrinkled  in  their  length  with,  undulate  smooth  Hues,  flat ;  scars  very  smooth. 
Same  place  as  the  former. 

11.  Lepidodendron  rimosum,  Sternb.,  Vers.,  vol.  i.  pp.  11,  21,  23,  t.  10,  fig.  1. — Scars  distant,  elliptical,  acute 
at  both  ends  ;  margins  irregularly  wrinkled  in  the  length  ;  vascular  scars  rhomboidal,  concave,  without  points  ; 
medial  line  obsolete.    Found  at  Trevorton.    It  is  only  a  decorticated  state  of  another  species. 
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12.  Lepidodendron  obtusum,  Lesq.,  Plate  XVI.,  fig.  6. — Scars  trapezoidal,  acutely  pointed  above,  slightly 
narrowed  and  abruptly  obtuse  below ;  vascular  scars  nearly  placed  in  the  middle,  rhomboidal-obtuse  above, 
acute  below,  angular  on  both  sides,  marked  transversely  with  three  points ;  appendage  irregular,  distinct  on  one 
side  only  ;  tubercles  oval,  diverging ;  medial  line  wrinkled ;  margins  broad,  undulately  striate,  and  furrowed  in 
their  length.    CoUeotion  of  Carbondale. 

13.  Lepidodendron  carination,  Lesq.,  Plate  XV.,  fig.  4. — Scars  oval,  hexagonal,  angular,  acute  at  both  ends, 
with  narrow,  deep,  keeled,  smooth  margins ;  vascular  scars  rhomboidal,  obtuse  above,  triangular  below ;  appen- 
dages short,  obsolete ;  tubercles  small,  oval ;  medial  line  obsolete,  transversely  wrinkled.  Found  at  Car- 
bondale. 

14.  Lepidodendron  clypeatum,  Lesq.,  Plate  XV,,  fig.  5,  and  XVI.,  fig.  7. — Scars  irregularly  trapezoidal,  acute  at 
both  ends,  obtuse  on  the  sides,  with  narrow  linear  margins;  vascular  scars  large,  obtuse  on  the  inferior  and  the  supe- 
rior borders,  enlarged  and  acute  on  both  sides,  transversely  three-pointed  ;  appendages  obsolete,  descending  to 
the  very  obsolete  medial  line,  where  they  unite  in  an  acute  angle ;  tubercles  obsolete  on  one  side,  well  marked 
on  the  other ;  oval.  Common  at  Carbondale.  Plate  XVI.,  fig.  7,  represents  the  decorticated  state  of  this 
species. 

15.  Lepidodendron  sigillarioides,  Lesq.,  Plate  XV.,  fig.  6. — Scars  exactly  trapezoidal,  with  the  acute  angles  at 
both  ends  ;  margins  narrow,  smooth ;  vascular  scars  dilated,  acute  at  both  ends,  marked  with  three  points  ;  with- 
out any  appendages,  neither  medial  lines  nor  tubercles.    Lehigh  Summit. 

16.  Lepidodendron  Mieleckii,  Gopp.,  Syst.  Fil.  Foss.,  p.  465,  t.  44,  figs.  1,  2.  —  Scars  regularly  rhomboidal, 
acute  at  both  ends  ;  vascular  scars  plain,  with  five  nearly  equal  angles,  the  two  inferior  rounded.  Lehigh 
Summit.  Perhaps  a  decorticated  state  of  another  akeady-described  species.  At  different  places  in  the  coal-basin 
of  Pennsylvania,  as  at  Minersville,  Trevorton,  Carbondale,  and  Johnstown,  and  always  in  the  lowest  vein,  we  have 
found  also  small  branches  of  Lepidodendron,  sometimes  with  the  leaves,  which  we  could  easily  relate  to  Lepidoden- 
dron Sternbergii,  Brongt.,  L.  acerosum,  Lind.,  L.  dilatatum,  Lind.,  L.  selayinoides,  L.  elegans,  Brongt.  But  as  the 
only  reliable  character  for  the  distinction  of  these  plants  is  the  form  of  the  scars,  and  their  relative  position,  it  is 
useless  to  describe  such  small  branches  or  species  of  which  the  impressions  are  not  distinct. 

VIIT.  Ulodendeon,  Ehodes.  —  Stems  simple  (?),  tree-like,  covered  with  rhomboidal  scars  of  the  leaves  ; 
branches  distechoiis,  strobilaceous,  covered  vnth  densely-imbricated  leaves, 

1.  Ulodendron  majus,  Lind.  and  Hutt.,  Foss.  Flor.,  vol.  i.  p.  22,  t.  5. — Scars  of  the  branches  distant,  orbicular, 
eccentrically  bossed ;  scars  of  the  leaves  transversely  half  rhomboidal,  rounded  on  the  inferior  margin,  superior 
angle  acute,  the  lateral  ones  acuminate.  The  single  specimen  of  this  species  which  we  have  seen  belongs  to  the 
Eev.  Mr  Brown  of  Charlestown,  Kenawha,  and  was  foimd  in  the  lowest  vein  of  coal  there. 

2.  Ulodendron  Lindleyanum,  Sternb.,  Vers.,  ii.  p.  185,  t.  45,  fig.  4. — Scars  of  the  branches  very  large  and 
distant,  oval,  and  eccentrically  bossed ;  scars  of  the  leaves  marked  only  by  obsolete  points,  placed  in  sjsiral.  In 
the  collection  of  Mr  Clarkson  at  Carbondale  there  are  two  beautiful  specimens  of  this  species.  The  scars  of  the 
branches  are  about  5  inches  long,  and  3  inches  broad.  The  eccentric  lump,  which  is  irregularly  oval,  and  placed 
in  the  upper  part  of  the  scar,  is  surroimded  by  undulated  radiating  Unes,  terminating  at  the  margin  of  the  general 
scars. 

FEUITS. 

I.  Lepidophyllum,  Brongt. — Leaflets  sessile,  simple,  entire,  lanceolate  or  linear,  one  to  three  nerved.  This 
description  of  M.  Brongniart,  copied  by  M.  linger  in  his  Gen.  et  Spec.  Plantarum,  'mentions  only  the  blade  of  the 
fruit  of  a  Lepidodendron.  These  fruits  are  attached  together  in  catkins  {lepidostrobus),  formed  of  a  scale,  attached 
at  a  right  angle  to  the  axis  by  a  short  pedicle,  inflated  at  the  top,  and  supporting  a  spore-case  (sporange)  full 
of  spores,  and  elongated  above  in  a  leaflet,  the  lanceolate  or  linear  blade.  These  fruits  or  sporanges  are  imbricated 
around  the  axis  :  their  position  is  well  indicated  by  the  cross  section  of  a  catkin  in  Plate  XVII.,  fig.  1.  We 
do  not  think  the  leaves  of  Lepidodendron  worth  mentioning  and  describing,  these  being  much  alike  in  all  the 
species  which  we  have  been  able  to  examine. 

1.  Lepidophyllum  acuminatum,  Lesq.,  Plate  XVII.,  fig.  2. — Blade  nearly  1  inch  broad,  slightly  narrowed  near 
the  base,  3  inches  long,  acuminate,  binerved.  Johnstown,  lowest  bed  of  the  coal.  This  species  resembles 
Lepidophyllum  trinerve,  Lind.  and  Hiitt.,  Foss.  Flor.,  vol.  ii.  p.  195,  t.  152,  but  differs  from  it  by  its  two  nerves. 

2.  Lepidophyllum  obtusum,  Lesq.,  Plate  XVII.,  fig.  3.  —  Blade  three-fourths  of  an  inch  broad,  more  than 
4  inches  long,  linear,  abniptly  terminated  in  a  short  point,  marked  in  the  middle  by  a  broad,  obsolete,  inflated 
nerve.  Same  place  as  the  former.  We  have  seen  many  broken  specimens  of  this  si^ecies,  which  would  lead  us 
to  suppose  that  it  was  about  twice  as  long  as  here  figured. 

3.  Lepidophyllum  lanceolatum,  Brongt.,  Lind.,  and  Hutt,  Foss.  Flor.,  vol.  i.  t.  7,  figs.  3,  4.  —  Sporange 
inflated,  irregularly  five-angular,  narrowed  and  obtuse  at  the  base,  enlarged  above  ;  blade  lanceolate,  pointed, 
entire,  one-nerved.  Our  species  is  probably  the  same  as  that  figured  by  Messrs  Lindley  and  Hutton  ;  but 
we  have  seen  better  specimens.  The  beautifid.  one  figured,  Plate  XVII.,  fig.  1,  belongs  to  Mr  Chambers  at 
Carbondale. 

4.  Lepidophyllum  affine,  Lesq.,  Plate  XVII.,  fig.  5, — Differs  from  the  former  by  its  obtuse  blade  and  its  long 
pointed  sporange.    New  Philadelphia ;  very  scarce. 
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5.  Lepidophyllum  hastatum,  Lesq.,  Plate  XVII.,  fig.  7. — Sporange  long-pointed,  blade  enlarged  at  the  base  in 
two  diverging  auricles ;  hastate  slightly  acute,  with  a  strong  nerve ;  sporange  lanceolate,  acute.  Found  by  the 
Kev.  Mr  Moore  near  Greensburg. 

6.  Lepidophyllum  brevifolium,  Lesq.,  Plate  XVII.,  fig.  6. — Sporange  narrowed  at  the  base  in  a  long  point ; 
blade  very  short,  enlarged  at  the  slightly-obtuse  sides.  Common  at  Wilkesbarre  Low  Coal.  In  this  species  the 
angles  of  the  blade  are  not  diverging  at  the  base,  and  the  blade  is  much  shorter  than  in  the  former  species.  We 
found  it  also  abundantly  iu  the  lowest  bed  of  coal  at  Johnstown  and  Wilkesbarre. 

7.  Lepidophyllum  plicalum,  Lesq.,  Plate  XVIL,  fig.  4. — Blade  linear,  lanceolate,  obtuse,  narrowed  at  the 
base,  curved  (geniculated)  in  the  middle  ;  nerved  from  the  base  to  half  its  length,  the  nerve  disappeaiing. 
We  have  not  seen  the  sporange  of  this  species,  of  which  we  have  a  single  specimen  from  the  Gate  Vein, 
Pottsville. 

8.  Lepidophyllum  lineari,  Brongt.,  is  a  leaf  of  Lepidodendron;  linear,  carinate,  nerved  with  parallel  nerves. 
We  mention  itordy  for  its  abundance  at  Wilkesbarre  and  Johnstown,  in  connection  with  Lepidophyllum  brevifoliiaii. 

II.  Lepidostrobus,  Brongt. — Catkins  cylindrical,  composed  of  wingetl  sporanges,  attached  to  a  common  axis, 
and  imbricated.  It  is  impossible  to  give  a  satisfactory  description  of  these  Lepidostrobi,  when  they  are  found  in 
their  perfect  or  normal  state,  and  when  the  form  of  the  imbricated  sporanges,  and  of  the  blade  or  wing,  cannot  be 
exactly  ascertained.  In  the  two  places  above  mentioned — viz.  at  the  low  beds  of  coal  at  Wilkesbarre  and  at 
Johnstown — we  have  seen  the  three  following  forms  described  by  Messrs  Brongniart  and  Lindley ;  but  certainly 
the  separate  sporanges  of  them,  found  together,  and  described  above,  were  part  of  some  of  them. 

1.  Lepidostrobus  ornatus,  Lind.  and  Hutt.,  Foss.  Flor.,  vol.  i.  p.  163,  t.  26. — Catkins  cylindrical,  about  1  inch 
broad,  with  a  thick  woody  axis. 

2.  Lepidostrobus  variabilis,  Lind.  and  Hutt.,  Foss.  Flor.,  vol.  i.  t.  10,  11. — Catkins  cylindrical  or  ova-lobtuse; 
scales  acute,  densely  imbricated. 

3.  Lepidostrobus  pinaster,  Lind.  and  Hutt.,  Foss.  Flor.,  vol.  iii.  t.  198. — Catkins  small,  cylindrical,  2  inches 
long,  scales  rhomboidal. 

III.  Brachyphyllum,  Brongt.  (?) — Stem  dichotomous ;  leaves  imbricated,  conical,  obtuse,  appressed,  placed 
spirally  around  the  stem. 

1.  Brachyphyllum  obtusum,  Lesq.,  Plate  XVIL,  fig.  8. — We  have  classed  under  this  name,  and  till  it  is 
better  known,  this  remarkable  branch,  wliich  ought  to  belong  to  this  genus.  The  leaves  or  scales,  wliich  appear 
to  be  narrowed  below,  like  the  sporanges  of  the  Lepidophylla,  are  rounded  above,  marked  in  the  middle  by  an 
elevated  line  like  a  nerve.  If  this  plant  is  a  true  Brachyphylban,  we  cannot  conceive  why  it  has  been  generally 
taken  for  the  branches  of  some  coniferous  tree.  It  looks  much  more  like  an  elongated  and  narrow  catkin  of  a 
Lepidodendron,  viz.  a  Lepidostrobus,  or  is  perhaps  only  a  branch  of  some  Lepidodendron.  Our  specimens  of  this 
plant  were  found  at  the  South  Salem  Vein,  Pottsville.  Before  lea\'ing  this  remarkable  class  of  plants — viz.  the  stems 
found  in  the  coal-formation — we  shall  remark  that  we  have  never  been  able  to  find  in  this  formation  any  specimens 
which  would  lead  us  to  suppose  that  they  were  the  fossil  remains  of  dicotyledonous  or  phanerogamous 
plants.  We  have  seen  at  Mr  Lawton's  of  Barlow,  near  Marietta,  Ohio,  some  specimens  of  petrified  wood  with 
concentric  circles,  which  ought  certainly  to  belong  to  some  coniferous  tree.  But  the  geological  age  of  the 
formation  where  this  fossil  wood  occurs  is  far  from  being  exactly  ascertained.  It  is  a  coarse  loose  sandstone 
which  reposes  in  the  coal  sandstone,  but  the  direction  of  its  beds  is  not  in  accordance  with  the  direction  of  the 
sandstone  below  it.  This  at  least  is  what  has  been  affirmed  by  Mr  Lawton.  The  bivalve  shells  found  in  this  forma- 
tion are  also  far  different  from  tlie  shells  of  the  coal.  Nevertheless,  the  presence  of  this  formation,  placed  imme- 
diately above  the  coal  sandstone,^  containing  fossil  trees  of  a  description  entirely  different  from  those  of  the 
coal,  is  a  remarkable  coincidence.  Though  this  formation  is  of  small  extent,  and  may  be  a  comparatively  new 
fresh-water  formation,  it  merits  a  closer  examination  and  attention  from  the  geologists  of  Ohio.  Its  extent  is  about 
three  miles  long  and  one  or  two  miles  broad. 

IV.  Cardiocarpon,  Brongt. — Capsules  lenticular,  compressed,  obcordate  or  renifonn,  acuminate.  These  fruits 
and  those  of  the  following  genus  have  been  differently  classed.  As  they  have  never  been  found  attached  to  the 
branches,  all  that  has  been  asserted  about  them,  excej^t  their  form,  is  hypothetical.  We  would  not  dare  to  express 
any  opinion,  as  these  fruits  are  very  scarce  in  the  anthracite  basins  of  Pennsylvania,  and  as  we  have  had  scarcely 
an  opportunity  to  examine  their  internal  stmcture. 

1.  Cardiocarpon  Trevortoni,  Lesq. — Capsule  plane,  nearly  orbicular,  omarginate,  cordiform  above,  pointed  at 
the  base,  marked  in  the  middle  by  a  sharp  elevated  line,  very  smooth.  Trevorton  upper  bed  of  coal,  mixed 
with  Dyctiopteris  obliqua.  It  resembles  Cardiocarpon  emarginatum,  Gopp.  and  Berg.,  De  Fruit,  p.  24,  t.  3,  fig.  35  ; 
but  it  is  pointed  at  the  base.  Differs  also  from  Cardiocarpon  latum  (Newberry,  Annals  of  Science,  p.  153)  by  its 
elevated  medial  line. 

2.  Cardiocarpon  plicatum,  Lesq.,  Plate  XVIL,  fig.  9. — Differs  from  the  former  by  its  undulate  jjlaited  smface, 
without  medial  line.    Found  at  the  same  locality. 

3.  Cardiocarpon  punctatum  (?),  Gopp.  and  Berg.,  De  Fruit,  p.  24,  t.  2,  fig.  26. — Capsule  plane,  reniform  or 
round,  emarginate,  marked  with  points  regularly  placed  by  five.  Om-  specimen  from  Muddy  Creek  differs  from 
this  species  by  the  surface  being  slightly  concave,  and  the  points  irregularly  placed. 


CARPOLITHES. 


877 


V.  Trigonocarpum,  Brongt. — Frait  ovoid,  three  or  six  ribbed  ;  ribs  thickened  at  the  base,  three  of  them 
broader,  with  a  broad  hexagonal  flattened  top.  We  have  scarcely  foimd  any  good  specimens  of  these  fruits  in  the 
coal-basins  of  Pennsylvania,  where  all  the  fossil  remains  are  ordinarily  flattened  in  the  shales  ;  but  they  appear  to 
be  common  in  the  coal  sandstone  of  Ohio,  and  there  are  a  great  many  of  them  preserved  in  the  cabinets  of  Pro- 
fessor Newberry  and  of  Dr  Hildreth  at  Marietta.    We  can  only  indicate  with  certainty  the  following  ones  : — 

1.  Trignocarpum  Schulzianum,  Gopp.  and  Berg.,  De  Fruit,  t.  2,  figs.  22,  23. — Fruit  oblong,  triangular,  with  the 
angles  five-ribbed.    Trevorton  Low  Coal. 

2.  Trigonocarpum  Hildreti,  Lesq. — ^Fruit  oval-oblong,  narrowly  three-ribbed,  with  the  intervals  finely  striate. 
From  Ohio  ;  preserved  in  the  collection  of  Dr  Hildreth. 

3.  Trigonocarpum  oblongum,  Lind.  and  Hutt.,  Fos.  Flor.,  iii.  t.  193. — Fruit  oval,  pointed,  slightly  compressed, 
more  than  one  inch  long,  and  three  quarters  of  an  inch  broad;  marked  with  three  large  ribs  ;  intervals  smooth.  A 
broken  specimen  from  Trevorton. 

VI.  RuABDOCARPOS,  Gopp.  and  Berg. — Fruit  oval  or  elliptical-oblong,  marked  in  its  length  with  parallel  nerves 
or  narrow  ribs. 

1.  Rhahdocarpos  amigdalaformis,  Gopp.  and  Berg.,  Z)e  Fruit  et  Sem.,  p.  21,  t.  1,  fig.  12. — Fruit  oval,  marked  in 
the  middle  by  a  longitudinal  elevated  line.    Trevorton  Low  Coal. 

2.  Rhahdocarpos  venosus,  Lesq. ;  Carpolites  venosus,  Sternb.,  Vers.,  ii.  p.  208,  t.  58,  figs.  16,  17. — Fruit  oval,  marked 
lengthwise  by  small  undulated  wrinkles.  The  Gate  Vein,  Pottsville.  This  species  agrees  well  with  the  figure  of 
Sternberg,  but  it  is  a  true  Rhahdocarpos. 

VIL  Carpolithes,  Sternb. — This  genus  contains  the  fruits,  very  variable  in  form,  of  which  the  affinity  is 
doubtful 

1.  Carpolithes  fraxiniformis,  Gopp.  and  Berg.,  De  Fruit  et  Sem.,  p.  26,  Plate  III.,  figs.  33  and  34. — Fruit  elliptical, 
linear,  flattened,  obtuse,  nearly  smooth.  We  have  found  in  the  Vespertine,  below  Pottsville,  specimens  of  a  fruit 
which  resembles  this  one  described  by  M.  Goppert.  It  is  not  possible  to  tell  anything  about  it.  It  looks  like  a 
flattened  elongated  sporange,  full  of  small  seeds. 

2.  Carpolithes  bifidus,  Lesq.,  Plate  XVII.,  fig.  10. — Fruit  apparently  pedicellate,  oval-oblong,  arched;  split 
in  two  parts  above,  three-ribbed  near  the  base  ;  pedicle  (?)  thick,  ribbed.    Gate  Vein,  New  Philadelphia. 

3.  Carpolithes  disjunctus,  Lesq.,  Plate  XVII.,  fig.  11. — Fruit  oval,  lanceolate,  slightly  obtuse,  divided  into  two 
parts,  the  superior  one  convex,  the  inferior  concave,  diverging  from  the  other.  Found  also  at  Trevorton.  This 
remarkable  specimen  looks  as  if  the  oval  fruit  had  been  turned  aside,  or  removed  from  its  place  (round  the  base  as 
an  axis),  and  left  its  impi'ession  on  it.    It  is  quite  smooth. 

4.  Carpolithes  acuminatus,  Stemb.  (?),  Vers.,  4,  t.  7,  fig.  15. — Fruit  small,  about  two  lines  long,  one  line  broad, 
oval,  lanceolate,  convex,  acute  at  one  end,  obtuse  at  the  other,  entirely  smooth.  We  have  found  at  Shamokin  the 
species  described  above,  which  resembles  Sternberg's  figure.  On  the  same  slate  with  this  fruit  there  are  some 
other  much  smaller,  scarcely  half  a  line  broad,  round,  flat,  or  varying  much  in  size  and  in  form.  These  fruits 
appear  to  have  been  externally  of  a  hard  texture,  like  the  fruits  of  some  Graminese  or  Cyperaceas. 

5.  Carpolithes  platimarginatus,  Lesq.,  Plate  XVII.,  fig.  12. — Fruit  oval,  acute,  convex,  smooth,  broadly  mar- 
gined; margin  flat,  broader  near  the  point,  disappearing  below.    Trevorton  Low  Coal. 

6.  Carpolithes  hicuspidatus,  Sternb.,  Vers.,  i.  t.  7,  fig.  8. — Fruit  flattened,  round,  slightly  pointed  on  one  side, 
scarcely  emarginate  on  the  other,  with  a  point  on  the  emargiuation.  Found  at  Muddy  Creek,  and  at  the  Gate 
Vein  of  Pottsville.    It  looks  like  the  fruit  of  a  Calamite. 

7.  Carpolithes  multistriatus,  Sternb.,  Vers.,  ii.  p.  208,  t.  39,  figs.  1,  2. — Fruit  broadly  oval,  large,  pointed  on  one 
side,  flattened  on  the  other,  marked  in  its  length  with  equal  ribs,  separated  by  obtuse  furrows  ;  ribs  about  one  line 
broad.    Shamokin  Vein,  west  of  the  village. 

VIII.  Carpolithes  umhonatus,  Stemb.,  i.  tab.  9,  fig.  2. — This  is  scarcely  a  fruit ;  it  is  very  irregular  in  its  outline, 
irregularly  bossed  and  ribbed,  and  does  not  look  at  aU  like  an  organic  relic,  but  more  like  a  pebble  of  iron.  It  is 
commonly  found  in  slates  of  the  coal,  varying  in  diameter  from  half  an  inch  to  about  half  a  foot.  To  the  descrip- 
tion of  the  species  mentioned  above  we  will  subjoin  a  short  enumeration  of  the  genera  and  species  which,  in  our 
opinion,  shall  be  eliminated,  or  of  which  the  place  will  be  changed.  These  are,  Cordaites,  Poacites,  Cyperites,  and 
Pinnularia. 

I.  CoRDAiTES. — Leaves  simple,  sessile,  placed  spirally,  half  embracing  the  stems  with  very  narrow  parallel 
nerves. 

1.  Cordaites  horassifolia,  Ung. — Leaves  simple,  spathulate,  entire,  very  long,  nerves  thin,  parallel,  epidermis 
formed  of  striate  parallel  cells,  stomate,  simple.  These  are  long  leaves  or  stems,  of  which  many  fragments  were 
found  in  the  upper  beds  of  the  anthracite  coal,  near  Pottsville.  Their  place  and  their  nature  is  undetennined. 
M.  Brongniart  has  placed  them  near  the  Nmggerathia,  supposing  them  to  be  some  dicotyledonous  plant  of  the  Gym- 
nosperma. 

2.  Poacites,  Brongt. — Leaves  linear,  long,  with  nerves  equal  and  parallel.  We  have  found  many  of  these 
Poacites  in  the  upper  l)eds  of  the  coal,  in  the  same  locality  as  the  former  ;  we  think  that  tliey  are  the  loaves  of  some 
Sigillaria. 

3.  Cyperites,  Lind.  and  Hutt.,  Hist.  Foss.  Flor.,i.  t.43,  figs.  1,  2. — Leaves  linear,  with  two  primary  neiTes  on  both 


878 


ORGANIC  REMAINS  OF  THE  COAL. 


sides,  and  secondary  ones  between  them.  These  are  also  found  in  the  upper  beds  of  the  coal  at  Pottsville,  at  the 
Salem  and  Gate  veins.    They  are  also  certainly  the  leaves  of  some  SigillaricB. 

4.  Pinnularia,  Lind.  and  Hutt.,  Foss.  Flor.,  ii.  tab.  3. — These  vegetable  remains  are  evidently  roots.  Though 
we  think  their  description  and  nomenclature  useless  when  their  connection  with  the  plants  to  which  they  belong  is 
not  ascertained,  we  have  made  a  drawing  of  the  most  interesting  of  them.  Preserving  the  nomenclature  of  this 
genus,  as  established  by  Messrs  Lindley  and  Hutton,  we  would  name  those  figured,  as  follows  ; — 

1.  Pinnularia  calamitarum,  Lesq.,  Plate  I.,  fig.  9. 

2.  Pinnularia  pinnata,  Lesq.,  Plate  XVII.,  fig.  18. 

3.  Pinnularia  fucoides,  Lesq.,  Plate  XVII.,  fig.  19. 

4.  Pinnularia  hurizontalis,  Lesq.,  Plate  XVII.,  fig.  21. 

5.  Pinnularia  capillacea,  Lind.  and  Hutt.,  1.  c,  Plate  XVII.,  fig.  22. 

6.  Pinnularia  confervoides,  Lesq.,  Plate  XVII.,  fig.  20.  The  only  one  of  which  the  name  merits  preservation, 
as  its  identity  may  be  ascertained  everywhere,  is  this  last  one. 

The  foregoing  Essays  by  Mr  Lesquereux  are  the  results  of  researches  made  by  him  in  the  years  18.52-1854, 
upon  the  fossil  flora  of  Pennsylvania,  under  my  direction,  at  the  expense  of  the  Commonwealth.  I  have  been 
therefore  much  surprised  and '  chagrined  to  find  their  publication  partially  forestalled  by  the  production  of  a 
portion  of  the  same  matter  in  a  Report  on  the  Fossils  of  the  Western  Kentucky  Coal-Field,  recently  issued  as  a  part 
of  the  Geological  Sm-vey  of  that  State.  In  a  prefatory  paragraph  to  that  Report,  Mr  Lesquereux  remarks,  "  As 
for  the  right  I  may  have  to  quote  a  few  lines  of  a  Report  delivered  in  18o-i  to  the  Du-ector  of  the  Geological 
State  Survey  of  Pennsylvania,  I  do  not  think  that  it  can  be  denied  me.  This  Report,  elaborated  with  great 
care,  and  the  arduous  labour  of  two  years,  was  to  apj^ear  in  the  Final  Report  of  the  Geological  State  Survey 
of  Pennsylvania,  but  it  is  a  question  if  it  wiU  ever  be  published."  In  answer  to  this  feeble  attempt  at  an 
apology  for  a  breach  of  literary  obligation,  I  have  merely  to  reply  that  the  action  of  the  Legislature  to  proceed 
with  the  publication  of  my  work  was  notorious,  and  that  Mr  Lesquereux  never  wrote  to  me  to  know  if  my 
well-known  wish  to  print  had  been  disappointed. 

Since  the  rendering  in  of  his  Report  to  me  on  the  Fossil  Plants  of  Pennsylvania  in  185-4,  ]\I.  Lesquereux 
has  read  (February  1858)  a  catalogue  of  nearly  all  the  Coal  Plants  of  North  America,  including  the  Pennsyl- 
vanian  ones,  to  the  Pottsville  Scientific  Association,  which  that  body  has  published.  Embracing,  as  this  does, 
many  species  and  localities  not  mentioned  in  the  foregoing  Essay,  the  following  synopsis  of  it,  omitting  many 
descriptive  details,  will,  I  trust,  be  acceptable  to  the  palaeontological  reader. 

CATALOGUE  OF  THE  FOSSIL  PLANTS  WHICH  HAVE  BEEN  NA]\IED  OR  DESCRIBED 
FROM  THE  COAL-MEASURES  OF  NORTH  AMERICA. 

By  LEO  LESQUEREUX. 


FILICES  OR  FERN  LEAVES. 
NEUROPTERIDE^. 

1.  —  NOEGGEEATHIA,  Rut. 

1.  NoEGGEEATHiA  obliqua,  Gtipp.,  old  red  sandstone 

(Ponent),  Pottsville. 

2.    obtusa,  Lsqx.,  old  red  sandstone  (Ponent),  Le- 

higli,  below  Mauch  Chunk. 

3.  minor,  Lsqx.,  same  place. 

4.    Bockschiana,  Lsqx.  {Cyclopteris  Bochschiana, 

Gopp.),  old  red  sandstone  (Vespertine),  op- 
posite Mauch  Chunk. 

5.   Beinertiana  1  Gopp.,  Cuyahoga  falls  (Newb'y). 

6.  ■  microphylla,  Newh'y  (ined.),  Cuyahoga  falls. 

All  the  true  Noeggerathia  that  I  have  seen  belong  to  the 

old  red  sandstone.  N.  Beinertiana Gcipi).,  mentioned 
with  doubt  by  Dr  Newberry,  is  rather  a  Cordaites,  and  I 


am  still  ia  doubt  if  N.  miavphi/lla  truly  belongs  to  this 
genus. 

2. — Odontopteeis,  Brgt. 

1.  Odontopteeis  squamosa,  Lsqx.,  Shamokin,  low  coal. 

2.    alata,  Lsqx. 

3.   Brardii,  Brgt.   This  species  is  stated  by  M. 

Unger  as  found  at  Mauch  Chunk.  It  may 
be  the  true  one ;  but  I  have  some  doubt 
about  it.  It  has,  perhaps,  been  mistaken 
for  the  former,  which  it  resembles,  diflering 
evidently,  nevertheless,  by  its  more  pointed 
leaflets,  and  by  the  absence  of  leaflets  to  the 
main  rachis. 

4.  •  crenulata,  Brgi.,  Tremont,  new  vein. 

5.    Scklotkeimii,  Brgt.,  same  place. 

6.    duhia,  Lsqx.   A  small  specimen,  no  locahty 

mentioned. 


CATALOGUE  OF 

7.  Odontopteeis  Xeuropteroides,  Newb'y  (ined.),  Cuya- 
hoga falls.  The  species  of  this  genus  appear  to  belong 
mostly  to  the  low  coal. 

3. — DiCTYOPTEEIS,  Gutb. 

1.  DiCTYOPTEEIS  ohliqua,  Bunb'y.  Trevorton,  Sharp 
Slountain  Vein,  Pottsville,  &c.  — 
Salineville,  0.,  Newb'y. 

4. — Cyclopteeis,  Brgt. 

1.  Cyclopteeis  Jiabellata,  Brgt.,  Tremont  new  vein. 

2.  Whittleseya  elegans,  Newb'y,  Annals  of  Science  of 

Cleveland,  No.  10 ;  found  abundantly  at 
Cuyahoga  falls,  0. — low  coal. 

5.  — Nepheopteeis,  Brgt. 

1.  Nepheopteeis  fiwhriata,  Lsqx.,  Salem  v.,  Pottsville  ; 

Pomroy,  0. 

2.    laciniata,  Lsqx.,  Muddy  Creek,  Schuylkill  Co. 

3.    elegans,  Lsqx.,  Shamokin. 

4.   •  undans,  Lsqx.,  Gate  v.,  Middleport. 

5.    tricliomanoides,  Brgt.,  Gate  and  Salem  v., 

Pottsville ;  Pomroy,  0. 

6.    hirsuta,  Lsqx.,  common,  especially  in  the  upper 

coal. 

7.    orhicidaris,  Brgt.,  Room-run  mines,  near  Mauch 

Chunk. 

8.    Germari,  Giipp.,  Salem  v.,  Pottsville. 

6.  — Neueopteeis,  Brgt. 

1.  Neueopteeis  speciosa,  Lsqx.,  Gate  v..  Port  Carbon. 

2.    hirsuta,  Lsqx.,  through  the  whole  extent  of  the 

Coal-measures,  mostly  in  the  upper  coal. 

3.    CferZrsoni,  Lsqx.,  Ferris  v.,  near  Archibald  and 

Eagle  Hill,  above  Bellmont  (grey-ash  coal). 

4.   Jissa,  Lsqx.,  Gate  v.,  Pottsville. 

5.   smilacifolia,  Stemb.,  Shamokin. 

6.   plicata,  Stemb.,  Salem  v.,  Pottsville. 

7.   flexuosa,  Brgt.     The  most  common  of  all, 

found  through  the  whole  extent  of  the  Coal- 
measures. 

8.  Loschii,  Brgt.,  Gate  and  Salem  v.,  Pottsville. 

It  descends  to  the  low  coal,  and  is  perhaps 
only  a  variety  of  the  former. 

9-    rotundifolia,  Brgt.,  Gate  v.,  &c.,  with  both  the 

former. 

10.    tenuifolia,  Brgt.,  Shamokin. 

11.   gigantea,  Brgt.,  Zanesville,  0. 

12.    Grangeri,  Brgt.,  Gate  v.,  Port  Carbon. 

13.  Cistii,  Brgt.,  same  place. 

14.  ■   delicatida,  Lsqx.,  Sharp  Mount  v.,  Pottsville. 

15-   FiY^emi,  Brgt.,  Gate  v.,  Pottsville;  Pomroy,  0. 

16.   gihhosa,  Lsqx.,  Salem  v.,  Pottsville. 

17.  undans,  Lsqx.,  Gate  v.,  Middleport. 

18-    crenidata,  Brgt.,  Salem  v.,  Pottsville  and 

Tamaqua. 

19-   tenuinervis,  Lsqx.,  Gate  v.,  Pottsville. 

20.  dentata,  Lsqx.,  Salem  v.,  Pottsville. 

21-  Besorii,  Lsqx.,  West  Wood  (upper  coal). 

22.  heterophylla,  Brgt.,  common.    Upper  Coal- 

measures. 

23.   minor,  Lsqx.,  Tamaqua. 

24.   rarinervis,  Bunb'y,  Room  Run  mines,  near 

Mauch  Chunk 
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25.  Neueopteeis  Moorii,  Lsqx.,  Greensburg  coal,  higher 

than  the  Pittsburg  bed. 

26.    adiantites,  Lsqx.,  locality  nnknown. 

27.  lancifera,  Newb'y  (ined.),  Cuyahoga  falls. 

SPHENOPTERIDE^. 
1.— Sphenopteeis. 

1.  Sphenopteris   Davalliana,    Gopp.,  1   lowest  coal, 

Kenawha  Salines,  Va. 

2.   tenella,  Brgt.,  1  Gate  v.,  Port  Carbon  (a  poor 

specimen). 

3.    Gravenhorstii,  Brgt.,  Black  Mine,  Westwood. 

4.    Dubuissonis,  Brgt.,  Gate  v..  Port  Carbon. 

5.   ■  abbreviata,  Lsqx.,  same  place. 

6.    intermedia,  Lsqx.,  Black  Mine,  Westwood. 

7.   Jiagellaris,  Lsqx.,  Sharp  Mt.  v.,  Pottsville. 

8.   plicata,  Lsqx.,  New  Philadelphia  (upper  coal). 

9.    latifolia,  Brgt.,  low  coal,  Pennsylvania  and 

Ohio. 

10.    acuta,  Brgt.,  low  coal  Kenawha,  SalLaes  (in  the 

cabinet  of  Marietta  College). 

11.    obtusiloba,  Brgt.,  Cuyahoga  falls,  Newb'y. 

12.   glandidosa,  Lsqx.,  Shamokin  (low  coal). 

13.    decipiens,  Lsqx.,  Salem  v.,  Young's  Landing, 

Pottsville. 

14.   polyphylla,  Lind.  &  Hutt.,  low  coal,  Iowa  and 

Kentucky  (in  D.  D.  Owen's  cabinet). 

15.   Newberrii,  Lsqx.,  Wilkesbarre,  low  coal. 

16.    Lesquereuxii,  Newb'y  (ined.)  Cuyahoga  falls. 

17.    squamosa,  Lsqx.,  probably  low  coal.  Locality 

unknown. 

18.    artemisoefolia ,  Brgt.    Locality  unknown. 

19.   2^(^™f'>li'^j  Newb'y  (ined.),  Cuyahoga  falls. 

20.    concinna,  Newb'y  (ined.),  same  place. 

21.    uncinnate,  Newb'y  (ined.),  same  place. 

22.    Kirtlandiana,  Newb'y  (ined.),  Poland,  0. 

23.   simplex,  Newb'y  (ined.),  Poland,  0. 

24.   subsprinosa,  Newb'y  (ined.),  Cuyahoga  falls. 

25.    tenuis,  Newb'y  (ined.),  same  place. 

26.  —  •  foliosa,  Newb'y  (ined.),  same  place. 

27.  — — -  coriacea,  Newb'y  (ined.),  Salineville. 

2.— Hymenophyllites,  Gopp. 

1.  HYMENOPHYLLiTES/';/rm^»s,Gopp. (Vespertine), Mauch 

Chunk  and  Pottsville.  Lowest  coal,  Cuya- 
hago  falls,  Newb'y. 

2.    Hildreti,  Lsqx.,  Great  Kenawha,  Salines,  low 

coal. 

3.    capillaris,  Lsqx.,  same  jDlace. 

4.   fimbriatus,  Lsqx.,  Salem  v.,  Pottsville ;  Pom- 

roy, 0. 

5.    afinis,  Lsqx.,  Gate  v.,  New  Philadelphia. 

6.  •   hirsutus,  Lsqx.,  Gate  v.,  Westwood. 

7.    laceratus,  Lsqx.,  Johnstown,  Penn.,  low  coal. 

8.   giganteus,  Lsqx.  {Shizopteris  lactuca,  Stemb. 

Gate  v.,  north  of  Port  Carbon. 


PECOPTERIDEiE. 

1. — ASPLENITES,  Gopp. 

Fruit-dots  linear,  attached  to  the  back  of  the  secondary 
nerves ;  secondary  nerves  simple  or  dichotomous ;  frond  bi- 
tripinnate. 

1.  AsPLENiTEs  rubra,  Lsqx.,  barren  measures,  Marietta,  0. 
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2.— Alethopteris,  Sternb.  and  Gopp. 
Frond  bi-tripinnatifid ;  secondary  nerve  nearly  perpen- 
dicular to  the  medial  nerve,  either  simple  or  forking. 

1.  Alethopteris  lonchitidis,  Sternb.     This  species  is 

truly  characteristic  of  the  lowest  coal,  or 
that  above  the  conglomerate,  from  the  Mis- 
sissippi to  the  anthracite  basins  of  Pennsyl- 
vania. 

2.    Pennsylvanica,  Lsqx.,  Salem  v.,  Pottsville. 

3.    Aquilina,  Gopp.    Locality  uncertain. 

4.    urophi/lla,  Gopp.,  Gate  v.,  Pottsville. 

5.   ISerlii,  Gopp.,  Room  Run  mines,  near  Mauch 

Chunk ;  Zanesville,  0. ;  Kenawha,  Salines, 
Va. 

6.    marginata,  Gopp.,  Tremont  (new  vein). 

7.    distans,    Lsqx.,   Muddy   Creek,  Schuylkill 

County. 

8.  obscura,  Lsqx.,  Gate  v.,  Pottsville. 

9.    sernda,  Lsqx.,  Gate  v.,  north  of  Port  Carbon. 

10.    nervosa,  Giipp.,  Shamokin,Carboudale.  Cuya- 

hoga falls,  Newb'y. 

11.  ■   Icevis,  Lsqx.,  Shamokin. 

12.  Alethopteris  rugosa,  Lsqx.,  Salem  v.,  Pottsville. 

13.    muricata,  Gopp.,  Sharp  Mt.  v.,  Pottsville. 

14.   grandifoiia,  Newb'y  (ined.),  Cuyahoga  falls. 

15.   gracilis,  Newb'y  (ined.),  Cuyahoga  falls. 

3.— Callipteris,  Brgt. 

Frond  bipinnatifid ;  pinnse  long,  decurrent  on  the  com- 
mon rachis ;  pinnules  continuous,  slightly  oblique,  united, 
and  decurrent  at  the  base ;  medial  nerve  oblique,  arched ; 
secondary  nerves  oblique,  arched,  and  bifurcate. 

1.  Callipteris  Sullimntii,  Lsqx.  Found  only  at  Sha- 
mokin. 


4. — Pecopteris,  Brgt. 

1.  Pecopteris  Cistii,  Brgt.,  Wilkesbarre  (from  M.  Bron- 

gniart's  indication). 

2.   polymorpha,  Brgt.,  common,  upper  coal. 

3.    distans,  Lsqx.,  with  the  former. 

4.   velutina,  Lsqx.,  Johnstown,  Pa.,  low  coal. 

5.    orata,  Brgt.,  Tremont  (new  vein). 

6.    Sheaferi,  Lsqx.     It  was  found  in  M'Kean 

County. 

7.  Pecopteris  notata,  Lsqx.,  Salem  v..  Port  Carbon,  &c. 

8.    oreopteridis,  Brgt.,  Gate  and  Salem  v.,  Potts- 

ville. 

9.   pusilla,  Lsqx.,  same  place. 

10.    arhorescens,  Brgt.,  common  in  the  upper  coal, 

Pa.  and  Ohio. 

11.  ■  duhia,  Lsqx.,  Gate  v.,  Pottsville. 

12.    cyatluea,  Brgt.,  Gate  v..  Port  Carbon. 

13.    arguta,  Brgt.,  upper  Coal-measures.  Pottsville 

and  Pomroy,  0. 

14.    ahhreviala,  Brgt.,  Trevorton. 

15.    unita,  Brgt.,  Sharp  Mt.  v.,  Pottsville. 

16.   ■  concinna,  Lsqx.,  Gate  v.,  Pottsville. 

17.   pennoeformis,  Brgt.,  Trevorton  (new  vein). 

18.   plumosa,  Brgt.,  Cuyahoga  falls  (Dr  Newb'y). 

19-   Sillimani,  Brgt.,  Zanesville,  0.,  following  M. 

Brongniart,  to  whom  it  was  sent. 

20.    Loschii,  Brgt.,  Sam.  Ferris  v.,  four  miles  W.  of 

Archibald. 

21.  incompleta,  Lsqx.,  Gate  v.,  Pottsville. 


22.  Pecopteris  elliptica,  Bunb'y,  Zanesville,  0.  (Dr 

Newb'y). 

23.    inflata,  Newb'y  (ined.),  Cuyahoga  falls,  low 

coal. 

24.   pavifolia,  Newb'y  (ined.),  same  place. 

25.  latinichis,  Newb'y  (ined.),  same  place. 

This  genus  truly  characterises,  by  most  of  its  species,  the 
upper  Coal-measures.  I  have  never  yet  seen  a  true  Fecopteris 
either  in  or  below  the  conglomerates. 


LEAVES  OF  DOUBTFUL  AFFINITY. 

1. — Crematopteris,  W.  p.  Schp. 

Frond  simple,  pinnate ;  rachis  broad ;  pinnules  vertical  or 
oblique,  oval-oblong,  entire  ;  nerve  obsolete. 

1.  Crematopteris  Pennsylvanica,  Lsqx.,  Greensburg, 
Pa.  (in  Rev.  Mr  Moore's  cabinet). 

2. — SCOLOPENDRITES,  LsqX. 

Frond  simple,  linear-lanceolate,  large,  deeply,  irregularly 
toothed ;  medial  nerve  very  slender ;  secondary  nerves  thin, 
pinnately  forking,  very  oblique,  distant. 

1.  ScoLOPENDRiTES  grosse-dentata,  Lsqx.,  New  Philadel- 
phia (upper  coal). 

3.— Shizopteris,  Brgt. 

Frond  irregular,  pinnately  lobate  with  the  lobes  elongated, 
dentate,  diversely  cut ;  primary  nerves  none ;  secondary 
nerves  parallel,  very  thin. 

1.  Shizopteris  ro6«A'to,  Newb'y,  (ined.),  Cuyahoga  falls,  0. 

4.— Cannophyllites,  Brgt. 

Leaves  simple,  entire,  with  a  strong  central  nerve ;  second- 
ary nerve  oblique,  simple,  parallel,  equal. 

1. — Cannophyllites  cordata,  Newb'y,  (ined.j,  Cuyahoga 
falls,  0. 

5. — CORDAITES,  Ung. 

Stems  erect,  annulate  by  the  persistent  base  of  the  leaves. 
Leaves  simple,  half  embracing  the  stem,  long,  linear,  one  or 
two  inches  broad ;  nerves  thin,  parallel. 

1.  CoRDAiTES  borassifolia,  Ung.,  abounds  in  the  upper 
coal,  Pa.  <fe  0. 

ASTEROPHYLLITE^. 

Tliis  family  of  plants  is  composed  of  herbaceous  plants  or 
of  trees,  of  which  the  stems  are  ordinarily  striated  length- 
wise, the  branches  and  stems  bearing  whorls  of  leaves  at 
the  more  or  less  distant  articulations.  The  following  genera, 
till  some  of  them  are  better  known,  may  be  admitted  in  it, 
viz.  Sphenophyllum,  Annularia,  Asterophyllites,  and  Cala- 
mites.  The  genus  Wolkmannia,  admitted  by  some  authors, 
was  formed  for  the  nomenclatiu-e  of  the  fruit  of  Asteiv- 
phylliies  ;  it  cannot  be  separated. 

1.— Sphenophyllum,  Brgt. 

Stems  articidated,  branching  from  the  articulations;  leaves 
wedge-shaped,  verticillate  by  six  to  twelve,  tnmcate  at  the 
top,  either  bi-lobate,  or  dentate,  or  laciniate. 

1.  Sphenophyllum  Schlotheirnil,  Brgt.,  Salem  and  Gate 
v.,  &c.,  upper  coal.  Pa.,  and  Ohio,  Pomroy,  0. 
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2.  Sphexophyllxjm  emarginattm,  Brgt.,  same  places. 


3.   Jilicaule,  hsqx.,  same  places. 

4.  trifoliatum,  Lsqx.,  Salem  v.,  Pottsville. 

5.    oblong  [folium,  Ung.  ? 

6.    crosiim,    Lind.   A:   Hutt.,   Cuyahoga  falls, 

(Newb'y). 

7.  peltatum,  JSTewb'y  (ined.),  same  place. 

8.  •  laciniatum,  Newb'y  (ined.),  no  locality  men- 

tioned. 

9.    hrevifolium,  Newb'y  (ined.),  Cuyahoga  falls,  0. 


The  species  of  this  genus,  as  well  as  those  of  the  whole 
family,  are  pretty  well  distributed  through  the  whole  extent 
of  the  Coal-measures.  A  few  species  only  appear  to  charac- 
terise a  peculiar  geological  level. 

2. — Anntjlaria,  Stemb. 

Like  the  former,  but  differs  by  the  branches  opposite  from 
below  the  base  of  the  verticillate  leaves  ;  leaves  lanceolate  or 
linear,  nerved  in  the  middle. 

1.  Ajn'jjularia  minuta,  Brgt.,  Gate  v.,  Pottsville. 


2.   fertilis,  Sternb.,  upper  Coal-measures.  Common. 

3.  longifolia,  Brgt.,  Gate  v.,  Pottsville,  &c.  It 

descends  to  the  lowest  coal. 

•1.   spheno2)hi/lloides,  Ung.,  1  upper  coal,  Salem  v., 

Gate  v.,  (fee,  Pottsville ;  Pomroy,  0. 


These  species  are  mostly  found  in  the  upper  Coal- 
measui'es. 

3.— AsTEEOPHYLLiTES,  Brongt. 
Stems  articulated  with  opposite  branches;  leaves  verti- 
cillate, numerous,  equal,  linear,  acute,  slightly  joined  together 
at  the  base.  Inflorescence  dicecious.  Male  flowers  united 
in  leafy  catkins  at  the  top  of  the  branches  ( Wolkmaunia.) 
The  fruit  is  a  small  nutlet  at  the  axil  of  the  leaves. 


1.  AsTEROPHYLLiTES  gracilis,  Brongt.,  Zanesville,  0. 

2.    eqiiisetiformis,  Brongt.   Abounds  in  the  upper 

coal. 

3.   foliosa,  Lind.  <fe  Hutt.,  same  place. 

4.  crassicaulis,  Lsqx.,  Gate  v.,  New  Philadelphia. 

5.    ovalis,  Lsqx.,  same  place. 

6.  suhkevis,  Lsqx.,  Gate  v.,  Westwood. 

7.   ■  tuherculata,   Brgt.,   New  Philadelphia,  <fcc., 

upper  coaL 

8.    lanceolata,  Lsqx.,  same  place. 

9.  aperta,  Lsqx.,  same  place. 


These  three  last  species  would  belong  to  the  genus  Wolk- 
mannia,  Sternb.  All  the  Asteropliyllites belong  to  the  upper 
Coal-measures,  and  scarcely  descend  to  the  low  coal. 

4.— CALAmTES,  Suck. 
Stems  cylindrical,  hollow,  striated  in  the  length,  articulated 
in  the  leaves,  narrow,  encircling  the  stem  like  a  sheet ;  rami- 
fication from  the  axil  of  the  leaves. 

1.  Calaiutes  decoratm,  Brongt.,  Sharp  Mt.  v.,  Potts- 

ville. This  species  appears  to  belong  only 
to  the  upper  coal. 

2.  Suclcoiuii,  Brgt.,  common. 

3-    ramoms,  Brgt.,  Gate,  Lewis,  and  Salem  v., 

Pottsville,  Cuyahoga  falls,  Newb'y. 

4.    undidatus,   Brgt.,  Sharp  Mt.  v.,  Pottsville. 

Cuyahoga  falls,  0.,  Newb'y. 

5-    cruciatus,  Sternb.,  same  places  as  No.  3. 

6.    Cisfii,  Brg-t.,   Wilkesbarre  and  Carbondale, 

(low  coal). 
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7.  Oalamites  duhius,  Artis.,  Gate  v.,  Pottsville. 

8.    cannoeformis,  Brg-t.,  Carbondale,  &c. 

9.    imcliyderma,  Brgt.,  conglomerate  sandstone, 

Trevorton  ;  Akron,  0.,  Newb'y.  Also  in  the 
conglomerate. 

10.    nodusus,  Schloth.,  conglomerate,  Cuyahoga 

faUs,  Newb'y. 

11.    histriatus,   Lsqx.,  New  Philadelphia  (upper 

coal). 

12.    disjunctus,  Lsqx.,  Gate  v.,  Pottsville. 

13.    approximatus,  Brongt.,  common. 

14.    Volt:ii,  Brgt.    Quoted  by  Dr  Newberry  with- 

out indication  of  locality. 


STEMS  OF  TREES. 

In  this  division  of  the  stems,  with  the  genus  Fsaronins, 
we  have  the  following  genera  .•  Caulojytei-is,  Diplothegiura, 
Stigmaria,  Sigillaria,  Syrigodendron,  Lepidodendron,  Le- 
pidophloios,  Vlodendron,  Megapliytum,  and  Knorria. 

1.— Caulopteeis,  Lind.  t  Hutt. 

Stem  thick,  externally  marked  with  scars  left  by  the  in- 
sertion of  the  petioles.  Scars  large,  oval,  with  a  broad, 
double,  or  simple  margin  ;  disposed  in  spirals  around  the 
stem. 

1.  Caulopteeis  punctata,  Lsqx.    Locality  unknown. 

2.    gigf^s,   Lsqx.,    Carbondale  (Mr  Clarkson's 

cabinet). 

?  3.   ■  Cistii,  Brgt.,  Wilkesbarre  (quoted  by  M.  Bron- 

gniart). 

Specimens  of  this  genus  are  very  scarce.  The  few  of  which 
the  locality  was  ascertained,  belong  to  the  low  coal. 

2.— DiPLOTEGiUM,  Corda. 

Stem  round,  equal,  marked  with  elevated  scars,  very  near 
each  other,  and  placed  in  spirals ;  the  top  of  the  elevated 
scars  being  abruptly  cut,  rhomboidally. 

1.  DiPLOTEGiUM  Brownianum,  Corda.,  Portage  Summit, 
Pa.,  low  coal. 

3.— Stigmaeia,  Brongt. 

Stems  creeping,  from  2  to  6  inches  thick,  dichotomous, 
covered  with  leaf-like  fleshy  appendages,  either  simple  or 
forking,  long,  contracted  at  the  base,  with  a  single  vascular 
fascicle.  Scars  round,  with  a  double  ring  and  a  small 
elevated  point  {w.amilla)  in  the  middle. 

1.  Stigmaeia,  ^coicZes,  Brgt.   Everywhere  from  the  base 

to  the  top  of  the  Coal-measures.  In  the 
low  coal  it  abounds,  especially  in  the 
shales  of  the  roof ;  elsewhere  in  those  of 
the  bottoms  of  the  coal-beds. 

2.  anahathra,  Corda.  Scarce. 

3.  costata,  Lsqx.   Locality  unknown. 

4.   ■  unhonata,  Lsqx.,  Gate  v.,  Pottsville. 

5.  irregidaris,  Lsqx.   Same  place. 

6.    minuta,  Lsqx.,  old  red  sandstone  (Ponent), 

Pottsville. 

7.   radicans,  Lsqx.,  Salem  v.,  Pottsville. 

All  the  species  of  Stigniavia  have  apparently  the  same 
range  of  distribution  as  No.  1. 
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4.— SiGlLLARiA,  Brongt. 

Stems  large,  ribbed,  mostly  marked  -vnth  parallel  or  reti- 
culated furrbws.  Scars  of  the  leaves  placed  in  spirals,  in 
the  middle  of  the  ribs,  disciform,  oblong,  or  round,  with  the 
sides  mostly  angular,  marked  in  their  middle  by  the  scars  of 
the  vessels  by  three,  two,  seldom  single. 


1.  SiGiLLARiA  lepidodendrifolia,  Brgt.,  New  Philadelphia, 

upper  coal. 

2.    sculpta,  Lsqx.    Same  place. 

3.    obliqua,  Brgt.,  Salem  v.,  Pottsville. 

4.    dilatata,  Lsqx.,  Gate  and  Salem  v.,  Pottsville. 

5.   fissa,  Gate  v..  New  Philadelphia. 

6.    Schimperi,  Lsqx.,  Muddy  Creek. 

?7,    stellata,  Lsqx.,  Carbondale  (Mr  Clarkson's 

cabinet). 

8.   Menardi,  Brgt.,  Muddy  Creek.   A  common 

species. 

9,    Brardii,  Brgt.,  New  Philadelphia. 

10.  Defrancii,  Brgt.,  Muddy  Creek,  Pa.,  and  Mas- 

sillon,  0.,  low  coal. 

11.    Serlii,  Brgt.  1  Trevorton,  low  coal. 

12.  tessellato,  Brgt.,  same  place. 

13.  elegatis,  Brgt.,  Summit,  Lehigh,  Carbondale, 

&c. — Cuyahoga  falls,  Newb'y,  low  coal. 

14.   —  Brochantii,  Brgt.,  Summit,  Lehigh,  low  coal. 

15.   alveolaris  Brgt.,  same  place,  low  coal. 

16.  scutellata,  Brgt.,  Muddy  Creek. 

17.  Sillimanni,  Brgt.,  Wilkesbarre  (quoted  by  M. 

Brongniart — no  specimen  seen). 

18.    ocidata,  Brgt.,  Trevorton. 

19.   polita,  Lsqx.,  Carbondale  (IMr  Clarkson's  cabi- 

net). 

20.    obovata,  Lsqx.,  Trevorton,  low  coal. 

21.    reniformis,  Brgt.   A  common  species. 

22.    Icevigata,  Brgt.,  New  Philadelphia,  Gate  v. 

23.  ■  —  Yardleyi,  Sp.  nov. 

24.    elongata,  Brgt.,  Summit,  Lehigh. 

25.   attemiata,  Sp.  nov. 

26.   —  alternans,  Lind.  &  Hutt.,  Trevorton,  low  coal. 

27.  catemdata,  Lind.  &  Hutt.,  same  place. 

28.  discoidea,  Lsqx.,  Summit,  Lehigh,  low  coal. 

29.    acuminata,  Newb'y,  Ann.  of  Science,  p.  164, 

fig.  1,  Cuyahoga  falls. 

30.  Biercei,  Newb'y,  loc.  cit.,  fig.  2,  Coshocton,  0. 

31.  pidchra,  Newb'y,  loc.  cit.,  fig.  3,  Youngstown, 

0. 

32.    dentata,  Newb'y,  loc.  cit.,  fig.  4,  Cuyahoga 

falls,  0. 

33.  marineria,   Hildreth,   Cuyahoga   falls  and 

Poland,  0. 

34.    grandis,  Newb'y  (ined.),  Cuyahoga  falls, 

35.    centralis,  Newb'y  (ined.),  Cuyahoga  falls. 

36.  minuta,  Newb'y  (ined.),  Cuyahoga  falls. 

37.    squamosa,  Newb'y  (ined.),  Cuyahoga  falls. 


5. — Syeigodendeon,  Sternb. 
Stems  furrowed  ;  ribs  equal,  parallel,  narrow,  bearing  on 
the  corticated  surface  of  the  ribs  small  round  scars,  without 
any  vascular  marks.    The  stems  belonging  to  this  genus 
are  mostly  found  ribbed,  without  any  traces  of  scars. 

1.  Syeigodendeon  j3acA;/(Zer»io,  Brgi.,  low  coal.  Com- 

mon. 

2.   cyclostegium,  Brgt.,  same  places  as  the  former. 

3.    Americanum,  Newb'y  (ined.)  Cuyahoga  falls. 


The  geological  distribution  of  both  the  former  genera  is 
not  yet  sufficiently  examined.  Some  of  the  enumerated 
species  are  certainly  identical  with  others.  The  ISigillarus 
appear,  like  the  Stigmariae,  to  have  lived  during  the  whole 
epoch  of  the  coal-formation ;  but  it  is  not  now  possible  to 
assert  what  species  belong  to  a  peculiar  station. 

6.— Lepidodejtdbon,  Stemb. 
1.  Lepidodendeon  aculeatum,  Sternb.,  common,  Carbon- 


dale, &c. 

2.    rugosum,  Sternb.,  Carbondale,  &c.,  low  coal, 

3.    crenatum,  Sternb.,  Lehigh  Summit,  &c. 

4.    obovatum,  Sternb.  Common. 

5.    modidatum,  Lsqx.,  Carbondale. 

6.   giganteum,  Lsqx.,  Carbondale. 

7.    vestitum,  Lsqx.,  Wilkesbarre  and  Carbondale. 

8.    conicum,  Lsqx.,  Carbondale. 

9.    oculatum,  Lsqx.,  Carbondale  (Mr  Clarkson's 

cabinet). 

10.    distans,  Lsqx.,  same  place. 

11.   •  obtusum,  Lsqx.,  same  place. 

12.    carinatum,  Lsqx.,  same  place. 

13.    clypeatum,  Lsqx.    Common,  Archibald,  &c. 

14.    sigillarioides,  Lsqx.,  Lehigh  Summit. 

15.    rimosum,  Sternb.,  Carbondale. 

16.    Mieleckii,  Gopp.,?  Lehigh  Summit. 

17.    elegans,  Brgt.,  Cuyahoga  falls  (Newb'y). 

18.   gracile,  Brgt.,  Cuyahoga  falls  (Newb'y). 


All  the  species  of  this  genus,  and  of  the  four  following, 
belong  to  the  low  coal.  It  is  very  difficult  to  find  a  trace  of 
Lepidodendron  in  the  grey-ash  coal  of  Pa.,  and  I  have  never 
seen  any  species  of  this  genus  above. 

7.— Lepidopholios,  Stemb. 

Stem  tree-like,  marked  by  the  base  of  the  leaves,  which 
are  persistent  and  forming  scales  ;  scars  at  the  top  of  the 
scales. 

1.  Lepidopholios  laricinum,  Sternb.,  Cuyahoga  falls, 

(Newb'y). 

2.    crassicaide,  Brgt.,  same  place  (Newb'y). 

Fine  specimens  of  Lepidopholios  have  been  found  in  the 
shales  of  the  low  coal  in  Illinois,  Iowa,  and  Virginia  :  they 
are  still  undescribed.  Specimens  of  this  genus,  and  of  the 
three  following,  are  very  scarce. 

8.  — ULODESTDEOif,  Rhode. 

Stems  marked  with  the  rhomboidal  scars  of  the  leaves, 
bearing  two-ranked  coniferous  branches  covered  with  im- 
bricate leaves. 

1.  Ulodexdeon  majus,  Lind.  &  Hutt.,  Great  Kenawha, 

Va.  ;  Salineville,  0.  (Newb'y). 

2.  Lindleyonum,  Stemb.,  Carbondale  (Mr  Clark- 

son's cabinet). 

9.  — Megaphytum,  Artis. 

Stem  tree-like  without  bark,  bearing  small  point-like 
scars  placed  spirally  with  some  larger  two-ranked  and 
obicular. 

1.  Megaphytum  discretum,  Newb'y  (ined.),  Cuyahoga 
falls. 

10. — Knoeeia,  Sternb. 
Stems  tree-like,  covered  with  thick  short  leaves  and  scars 
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of  branches.  Leaves  round,  sessile,  disposed  in  spirals  ; 
scars  of  the  branches  round. 

?1.  Knorria  taxina,  Liud.  &  Hutt.,  Cuyahoga  falls 
(Newb'y). 

2.    Hildretkiij'Sewhy ;  FicoiditesscabrosiiSjIlild., 

Amer.  Jour,  of  Science,  vol.  xxxi.  p.  31. 

3.  •  distans,  Newb'y  (ined.),  Summit  Co.,  0. 


CONES  OR  CATKINS  AND  THEIR  SCALES. 

1. — Lepidophyllum,  Brongt. 

Leaflets  simple,  sessile,  entire,  lanceolate,  or  linear,  bear- 
ing at  their  base  an  inflated  bag  (sporange,)  full  of  spores, 
and  forming,  by  their  union  on  a  common  axis,  a  catkin. 
Lepidostrobus.) 


1.  Lepidophyllum  acuminatum,  Lsqx.,  Johnstown,  Pa. 

2.    obtusum,  Lsqx.    Locality  unknown. 

3.    ?a?iceo/rt<Hm,  Brgt.,  Carbondale  (Mr  Chambers' 

cabinet). 

4.   ■  affine,  Lsqx.,  Wilkesbarre. 

5.  —  kastatum,  Lsqx.,  Greensburg,  (Rev.  Mr  Moore's 

cabinet.) 

6.    brevifolium,  Lsqx.,  Wilkesbarre. 

7.    p^ica<M7rt,  Lsqx.,  Wilkesbarre. 

2. — Lepidostrobus,  Brongt. 

Catkin  formed  by  winged  sporanges  {Lepidophylla),  per- 
pendicularly attached  on  a  common  axis,  and  imbricated. 

1.    Lepidostrobus  ornatus,  Lind.  <fc  Hutt.,  Pa. 

and  Ohio,  low  coal. 
1  2.   ■  variabilis,  Lind.  <fc  Hutt.   With  the  former. 

3.    pinaster,  Lind.  &  Hutt.,  same  places. 

4.    macrolepis,  Newb'y  (ined.),  Cuyahoga  falls. 


These  two  genera,  being  fmits  of  Lepidodendron,  have  of 
course  the  same  geological  distribution.  The  leaves  of 
Lepidodendron,  which  are  narrowly  linear,  grass-like,  have 
been  sometimes  described  either  as  blades  of  grass  or  as  true 
Lepidophyllum. 

3. — Brachyphyllum,  Brongt. 

Stems?  or  dichotomous  axis  covered  with  imbricated 
obtuse  leaves  placed  in  spirals. 

1.  Brachyphyllum?  obtusum,  Lsqx.,  low  coal,  Mas- 
sillon,  0. 

FRUITS  OR  NUTLETS. 

1.— Cardiocarpon,  Brongt. 

Capsules  lenticular,  compressed,  obcordate  or  reniform, 
acuminate. 

I.  Cardiocarpon  Trevortoni,  Lsqx.,  Trevorton,  low 
coal. 


2.    plicatum,  Lsqx.    Same  place. 

3.   •  Samarceforme  (Newb'y),  Annals  of  Science,  p. 

152,  fig.  1.    Cuyahoga  falls. 

4.  annulatum,  Newb'y,  loc.  cit.,  fig.  2.  Youngs- 

town,  0. 

5.    /aiwOT,  Newb'y,  loc.  cit.,  fig.  3.    Cuyahoga  falls. 

6.    minus,  Newb'y,  loc.  cit.,  fig.  4.   Same  place. 


7.  Cardiocarpon  orbiculare,  Newb'y,  loc.  cit.,  fig.  5. 

Same  place. 

8.    elongatum  (Newb'y),  loc.  cit.,  fig.  6.  Youngs- 

town,  0. 

9.    punctatu7)i  ?  Giipp.,  Muddy  Creek. 

All  the  species  enumerated  above,  except  perhaps  the  last, 
have  been  found  in  the  low  coal. 

2. — Rhabdocarpos,  Gopp.  &  Berg.  i 

Fruit  oval,  ribbed  in  its  length  by  parallel  lines. 

1.  Rhabdocarpos  ami/gdakeformis,  Gopp.  &  Berg.  Tre- 

vorton. 

2.    venosus,  Lsqx.,  Gate,  v.,  Pottsville. 

3.  - — —  compressus,  Newb'y  (ined.),  Cuyahoga  falls. 

3.— Trigonocarpon,  Brongt. 

Fruit  ovoid,  three  to  six  ribbed,  with  a  broad  hexagonal, 
flattened  base. 

1.  Trigonocarpon  .SWtif/feianMm,  Gopp.,  Berg.  Trevorton 


low  coal. 

2.   Ililrethii,  Lsqx.,  Poland  Co.,  0.  (D.  HUdreth). 

3.    oblongum,  Lind.  &  Hutt.,  Trevorton. 

4.   Noeggerathii  ?  Brgt.  Cuyahoga  falls  (Newb'y). 

5.    tricuspidatu'M  Newb'y  (ined.),  same  place. 

6.    magnum,  Newb'y,  (ined.)  Coshocton,  0. 

7.   midtistriatum,  Newb'y  (ined.),  Cuyahoga  falls. 


These  fruits,  and  those  of  the  following  genus,  have  been 
mostly  found  in  the  low  coal ;  a  few  of  them  are  found  in 
the  upper  Coal-measures,  but  always  scarce. 

4. — Carpolithes,  Sternb. 

Fruits  or  nutlets  of  variable  forms. 

1.  Carpolithes  fraxiniformis,  Giipp.,  old  red  sandstone, 

(Ponent),  below  Pottsville. 

2.    bifidus,  Lsqx.,  Trevorton  low  coal. 

3.    disjunctus,  Lsqx.,  same  place. 

4.   platimarginatus,  Lsqx.,  Trevorton. 

5.  acuminatus,  Sternb.,  same  place. 

6.  ■  bicuspidatus,  Sternb.,  common,  low  coal. 

7.    multistriatus,  Sternb.,  common.     It  ascends 

higher  in  the  Coal-measures  than  the  former. 

8.    umbonatu,s,  Sternb.   Low  coal. 

9.  retusus,  Sternb.,  Cuyahoga  falls  (Newb'y). 

10.    mmutus,  Newb'y  (ined.),  same  place. 

To  this  enumeration  of  the  species  of  fossil  plants  of  our 
Coal-measures,  I  could  add  species  of  Cyperiies,  Liud.  & 
Hutt.,  and  of  Pinnularia  of  the  same  authors.  But  the  first 
genus  represents  only  the  leaves  of  some  Sigdlarice.  Lepi- 
dodendron, or  QvenStigmaria,  and  the  species  of  the  second, 
are  referable  to  some  roots  which  cannot  be  described  by 
themselves. 

About  three  hundred  species  of  plants  are  enumerated  in 
this  catalogue.  It  is  not  possible  to  foretell  how  far  the 
number  may  be  increased  by  subsequent  investigation.  But 
until  now  the  fossil  plants  of  America  have  not  been  care- 
fully collected,  except  by  Dr  Newberry  and  by  myself ;  and 
it  is  probable  that  future  explorations  will  at  least  double 
the  number  of  these  species.  There  are  already  about  fifty 
species  newly  collected,  which  have  not  been  described,  and 
are  not  enumerated  above. 


My  friend  Prof.  J.  H.  BaLfour,  Regius  Professor  of  Botany  in  the  University  of  Edinburgh,  has  kindly  favoured 
me  with  the  following  notes  upon  the  specimens  of  fossil  vegetation  figured  on  Plates  XXL,  XXII.,  and  XXIII., 
and  upon  two  other  specimens  not  figured  : — 
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As  regards  the  fossil  plants  sent  for  examination,  it  is  not  easy  to  come  to  any  definite  conclusion  regarding 
them  ;  I  can  only,  I  fear,  give  very  crude  conjectures  respecting  their  nature.  We  may  call  many  of  them  Algoids, 
and  refer  to  existing  Algpe  which  they  resemble,  but  it  is  absolutely  impossible  to  point  to  any  characters  which  will 
fix  what  they  are.  In  speaking  of  the  difficulty  of  determining  such  fossil  specimens,  Professor  Hai-vey  says — "  I  need 
but  remind  you  of  the  algoid  forms  of  Podostemaceoe — where  you  have  often  an  external  habit  so  closely  resembling  1 
that  of  an  alga,  that,  till  you  resort  to  the  knife  and  the  microscope,  you  may  be  easily  deceived."  Entertaining 
similar  views,  it  is  with  great  diffidence  that  I  hazard  any  conjecture  on  the  drawings  sent  for  my  inspection. 

No.  I.  Filicoid  1 — A  fern-like  frond  apparently  resembling  the  primordial  or  barren  frond  of  a  Platycerium.  The 
frond  spreads  in  a  radiating  manner,  with  forked  strise  not  unlike  the  veins  of  a  fern.    At  the  edge  the  fi'ond 
seems  to  have  been  folded  in  one  or  two  places.     There  are  several  known  species  of  Platycerium  at  the  present  day  ;  i 
viz.,  Platijcerium  alcicorne,  a  native  of  Madagascar  and  Eastern  Asia,  and  found  also  in  Eastern  Peru  ;  P.  grande,  in  i 
New  Holland  and  Singapore  ;  P.  stemmaria,  in  tropical  Western  Africa  ;  P.  bifonne,  in  the  Malay  islands.  i 

The  fossil  plant,  however,  may  be  an  algoid,  although  the  forked  venation  is  adverse  to  that  view.  If  so,  then  it  j 
may  be  regarded  as  allied  to  Padina.  j 

No.  II.  Lepidodendrm,  sp.  ? — A  slender  species  of  the  genus,  with  imperfect  markings  in  the  form  of  dots  arranged  j 
in  a  circular  manner  round  the  stem.    The  markings  want  the  usual  alternate  arrangement  of  Lepidodendron  scales.  | 

No.  III.  Leaf  of  aGymnosperm'i—lie^euihYmo  t\ia,t  o^.  Salishuri  adiantifoUa.  There  appears  to  be  a  common  broad  , 
petiole,  whence  proceeds  a  lamina  divided  into  cuneate  segments.    The  venation  is  very  marked,  and  proceeds  in  a 
radiating  manner.  i 

No.  IV.  Algoid? — Resembling  a  Desmarestia.   The  stalk  divides  in  a  forked  manner,  and  gives  off  narrow  pinna?, 
some  of  which  are  again  pinnate. 

No.  V.  Algoid  ? — Resembling  Nemastoma  comosa,  an  Australian  alga.    There  is  a  central  rachis  which  gives  off 
branches,  and  then  divides  into  small  ramifications,  which  come  off  in  a  pinnate  manner.  i 

No.  VI.  Algoid  ? — Resembling  Halosaccion  ramentaceum  of  J.  Agardh's  work,  the  Fucm  ramentaceus  of  Turner's 
'•'  Icones  Fucorum,"  vol.  iii.,  tab.  149.  In  some  of  the  fossil  specimens  there  is  a  swelling  whence  the  stalk  seems  to 
proceed. 

On  the  whole  subject  of  such  fossil  forms,  I  would  take  leave  to  forward  to  you  the  following  words  of  Harvey,  I 
who,  in  speaking  of  a  sea-weed  called  Ptllota  rhodocalUs,  says  : — "  At  first  sight  this  beautiful  species  might  almost  be  j 
taken  for  Phacelocarpus  Billardieri,  so  similar  are  its  ramifications  and  colour  ;  but  the  structure  of  the  frond  and  the  ^ 
fructification  are  so  different,  that  we  are  forced  to  refer  these  Algas  to  widely-separated  families.    Geologists  some- 
times complain  that  botanists  refuse  definitively  to  name  fossil  plants  whose  impressions  are  left  on  sandstone,  and, 
in  the  geological  sense,  well-preserved  ;  but  cases  such  as  the  present — and  it  is  one  of  a  thousand — show  how  uncertain 
must  be  the  determination  even  of  the  best  stone-printing  of  a  fossil  stem.    What  shall  we  say,  then,  of  the  positive 
settlement  of  the  affinities  and  structure  of  fossil  shadows,  where  there  does  not  remain  the  faintest  trace  in  stone  of 
the  entity  that  was  and  is  not  1  " — J.  H.  Balfour. 

The  annexed  Cuts,  excluded  for  want  of  room  from  page  896,  illustrate  the  different  degrees  of  dip  of  the  Levant  j 
Grey  Sandstone  on  the  Pennsylvania  and  New  Jersey  sides  of  the  Delaware  River,  indicating  a  transverse  fracture.  j 
(See  page  896.)  ' 


ON  THE  LAWS  OF  STEUCTUEE  OF  THE  MOEE  DISTUEBEH  ZONES  OF 

THE  EAETH'S  CEUST. 


Having  several  years  ago,  in  the  course  of  a  prolonged  investigation  of  the  geological  struc- 
ture of  the  Appalachian  chain  of  the  United  States,  conducted  partly  in  co-operation  with 
Professor  W.  B.  Rogers,  as  a  purely  scientific  inquiry,  partly  by  myself,  in  connection  with  the 
Geological  Survey  of  Pennsylvania,  discovered  what  we  deemed  important  laws,  applicable 
generally  to  all  corrugated  tracts  of  strata,  I  am  prepared,  by  observations  since  made  in  the 
United  States  and  in  Europe,  to  extend  their  application,  and  give  them  a  more  general 
expression. 

WAVE-LIKE  FOEM  OF  ALL  UPEAISED  TRACTS  OF  THE  CRUST. 

The  first  or  most  general  fact  to  be  enunciated  respecting  any  portion  of  the  earth's  crust 
that  has  sufiered  elevation  or  depression  from  the  position  or  level  at  which  its  strata  were 
originally  deposited,  is,  that  the  displaced  beds  present  invariably  the  form  of  one  or  many 
waves,  even  when,  within  limited  geographical  areas,  they  may  seem  to  retain  an  approximate 
horizontality.  This  comprehensive  statement  respecting  the  wave-like  structure  of  the  earth's 
crust  is  not  invalidated  by  the  instances  of  disordered  dip  seen  in  certain  dislocated  regions,  such 
as  some  of  the  coal-fields  of  Great  Britain  ;  for  it  will  generally  be  found  that  the  breaks  or 
faults  in  the  strata  only  separate  disarranged  portions  of  what  were  originally  continuous  undu- 
lations. 

In  all  large  stratified  areas,  where  the  dip  is  both  gentle  and  persistent  in  its  direction 
throughout  considerable  spaces,  and  where  this  dip  is  genuine — the  result,  that  is  to  say,  of  a  true 
displacement  of  the  mass,  and  not  a  consequence  of  the  original  obliquity  of  deposition  called 
false  bedding — the  crust- waves  will  be  found  to  be  of  an  amplitude  proportioned  to  their  flatness  ; 
but  in  those  districts  where  the  prevailing  inclinations  are  steep,  and  where  they  are  directed  to 
opposite  points,  it  will  be  found  invariably  that  the  inclined  masses  are  but  the  parts  of  succes- 
sive arches  or  waves,  the  denuded  or  broken  crests  of  which  approach  each  other  the  closer 
as  the  dips  are  steeper. 

EXEMPLIFIED  IN  PENNSYLVANIA  AND  IN  THE  UNITED  STATES  GENERALLY. 

This  cardinal  fact  of  undulation  in  the  structure  of  the  earth's  crust  is  admirably  exemplified 
in  the  Palaeozoic  Basin  of  the  United  States,  especially  along  its  S.  border,  the  Appalachian 
chain,  and  nowhere,  perhaps,  so  well  as  in  Pennsylvania.  It  is  only  necessary  to  appeal  to  any 
geological  map  and  general  section  of  the  strata  between  the  Atlantic  and  the  Eocky  ]\Ioun- 
tains — such,  for  example,  as  the  Author  has  contributed  to  Johnstons  Physical  Atlas — to  prove 
that  every  tract  of  inclined  or  dipping  strata  is  but  a  segment  of  a  great  wave  or  waves  of  wider 
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or  narrower  amplitude,  and  of  gentler  or  steeper  curvature.  Even  in  those  broad  tracts  of  the 
central  basin  of  the  continent,  where  the  strata,  to  a  careless  eye,  seem  to  be  absolutely  hori- 
zontal, they  possess  an  appreciable  dip,  which,  continuously  traced,  changes  its  angle,  and 
reverses  its  direction,  until  it  discloses  a  veiy  broad  low  wave.  One  such  gentle  yet  majestic  swell 
of  the  rocks  extends  from  Lake  Erie  to  Alabama,  and  fills  the  wide  interval  occupied  by  Ohio, 
Indiana,  Middle  Kentucky,  and  Middle  Tennessee,  between  the  great  Appalachian  coal-field  and 
that  of  lUinois.  Another  divides  the  Illinois  coal-field  from  that  of  Iowa  and  Missouri ;  and 
similar  flat  undulations,  on  a  scale  of  the  grandest  amplitude,  heave  the  apparently  level  strata 
throughout  the  vast  horizontal  planes  and  steppes  of  Texas,  Kansas,  and  Nebraska.  For 
numerous  and  most  striking  instances  of  this  law  of  wave-structure  in  districts  of  steeply- 
inclined  strata,  we  need  look  no  farther  than  the  mountains  of  Pennsylvania,  where,  among  the 
older  rocks,  almost  every  dipping  mass  is  but  a  part  of  one  or  other  flank  of  a  more  or  less 
compressed  high-crested  wave,  and  where  every  gradation  of  form,  from  the  most  contracted  to 
the  most  dilated,  is  discernible,  as  well  in  the  N.E.  half  of  the  chain,  within  and  round  its  coal- 
fields, as  in  the  S.W.,  amid  its  alternating  smooth  vaUeys  and  steep  rocky  ridges.  A  mere 
glance  at  any  of  the  numerous  sections,  general  or  local,  which  accompany  this  work,  will  sufiice 
to  show  that  undulation  is  the  prevailing  law  in  all  the  uplifted  or  displaced  deposits. 

PARALLELISM  OP  THE  CRUST-UNDULATIONS. 

It  is  another  general  fact  connected  with  the  disturbed  zones  of  the  crust,  that  where  the  displacement 
from  horizontality  has  been  great,  the  strata  are  arranged  in  longitudinal  tracts,  or  great  belts  of  parallel  waves. 
These,  where  their  symmetry  of  structure  is  not  marred  by  dislocations  of  the  strata,  or  hid  by  overlapping  super- 
ficial deposits,  exhibit  a  remarkable  and  beautiful  resemblance  to  those  great  and  continuous  billows  which  are 
called  by  seamen  rollers,  and  by  mechanicians  waves  of  translation.  Far  more  continuous  in  their  crests,  more 
strictly  parallel,  and  more  symmetrical  in  form  than  the  wind-produced  waves  upon  the  waters  of  the  globe,  such 
great  swells  or  rolling  billows,  engendered  by  wholly  different  forces,  are,  I  conceive,  the  true  archetypes  of  the 
undulations  visible  in  the  more  con-ugated  portions  of  the  earth's  crast.  Perhaps  in  no  uplifted  district  of  the 
surface  are  these  crust-waves  so  symmetrically  developed,  or  so  readily  recognised,  as  in  the  Ajjpalachian  Moun- 
tains of  the  United  States.  It  was  there  that  Professor  William  B.  Eogers  and  myself,  analysing  their  forms,  and 
tracing  and  connecting  their  axes,  detected  those  phenomena  of  shape  and  gradation  which  led  us  to  the  general 
laws  of  crust-flexures  which  we  have  ventured  to  publish. 

This  parallelism  of  both  the  greater  and  lesser  waves  of  the  strata  is  conspicuous  in  every  part  of  the 
Appalachian  chain  of  Pennsylvania,  but  nowhere  perhaps  so  obviously  as  in  the  region  S.W.  of  the  Susquehanna. 
There  it  must  be  discernible  even  to  the  passing  traveller  in  the  succession  of  the  visible  archiugs  of  the  rocks, 
and  in  the  extraordinary  symmetry  of  the  topographical  features  of  the  country  resulting  from  it.  Even  without 
the  aid  of  a  Geological  Map,  we  cannot  fail  to  notice  it  in  the  beautiful  laarallelism  of  the  long,  slender,  and  gently- 
curving  valleys,  and  the  narrow,  continuous,  and  extremely  level  mountain-crests.  It  is  not  less  j^erceptible  both 
within  and  exterior  to  the  anthracite  basins  farther  to  the  N.E.,  where  indeed  the  law  applies  to  flexures  of  all 
dimensions,  down  to  those  of  very  insignificant  breadth.  The  amplest  evidence  of  its  universality  is  contained  in 
the  Geological  Maps  and  sections  illustrative  of  this  descriptive  text. 

But  we  believe  that  generally  all  mountain  zones,  and  all  cornigated  districts,  which  have  been  elevated, 
like  the  Appalachians,  at  one  epoch,  and  by  cnist-movements  observing  only  one  prevailing  direction,  will  be 
found  to  possess  this  wave-like  structure,  under  similar  conditions  of  gradation,  and  in  a  hke  conspicuous  manner. 
It  is  only  those  tracts  which  have  been  revisited  several  times  by  the  elevating  and  undulatuig  forces,  and  espe- 
cially those  where  the  successive  disturbances  have  not  coincided  in  direction,  but  have  crossed  each  other,  causing 
interference  and  intersection  of  the  waves,  as  in  what  is  called  a  chopped  sea — sirch  districts,  for  example,  as 
the  Swiss  Alps  and  the  mountains  of  Cirmberland  and  Wales — that  we  fail  readily  to  discern  the  wave-stmcture 
of  the  strata,  or,  perceiving  it  in  part,  are  unable,  without  extreme  toil  and  patience,  to  connect  the  originally- 
related  outcrops  of  the  rocks,  and  reconstruct  in  our  minds,  and  represent  to  the  eye,  the  undulations  that  actually 
exist  in  a  broken  and  disguised  condition. 

Wherever  we  have  been  led,  eitlier  from  observations  ni  the  field,  or  from  a  careful  perusal  of  the  descriptions 
of  geologists,  to  a  clear  recognition  of  the  dip-structure  of  any  corrugated  zone,  whether  mountain-chain  or  other- 
wise, not  confused  by  different  systems  of  elevatory  movements  of  the  crust,  we  have  become  impressed  with  its 
marked  resemblance  in  all  the  essential  features  of  the  undulations,  both  as  respects  the  typical  forms  of  the 
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individual  waves,  and  tlie  grouping  and  gradation  of  the  several  sets  of  waves,  to  tlie  flexures  cliaracteristic  of 
tlie  Appalachian  chain  of  America.  I  was  particularly  convinced  of  this  resemblance  upon  examining,  in  the 
summer  of  1848,  the  structure  of  the  Jiu-a  chain  of  Switzerland;*  and  scarcely  less  struck  with  the  agreement  I 
noticed  between  the  phenomena  on  the  borders  of  the  Alps,  especially  iu  the  Bernese  Oberland,  and  the  features 
which  distinguish  the  most  corrugated  tracts  at  the  S.E.  base  of  the  chain  of  the  Appalachians. 

RELATIONS  OF  FLEXURES  TO  EACH  OTHER 

If  we  regard  now  the  flexures  which  constitute  any  great  i;ndulated  or  corrugated  belt  of  strata,  we  shall 
find  that  these  display  the  following  laws  or  general  facts  of  relationship : — 

Parallelism. — 1.  When  seen  in  their  simplicity,  or  undisguised  by  cross  breaks  and  undulations,  those  of  a 
particular  district  show  a  remarkable  degree  of  mutual  parallelism.  Not  only  are  they  parallel  to  each  other,  but 
to  the  general  trend  of  the  portion  of  the  mountain  system  to  which  they  belong,  and  especially  to  its  cliief  igne- 
ous axes,  where  it  possesses  such. 

This  primary  fact  of  parallelism  of  the  anticlinal  and  synclinal  undulations  of  a  district  to  the  general  trend 
of  its  chief  igneous  axes,  whether  the  waves  be  curved  or  straight,  is  finely  illustrated  in  the  structure  of  Penn- 
sylvania. The  mountain  chain  of  the  State  is  divisible  lengthwise  into  four  segments — a  N.E.  curving  convexly 
towards  the  Atlantic  slope  ;  a  central,  very  nearly  straight :  a  S.W.,  sweeping  convexly  from  the  Atlantic  slope, 
or  towards  the  N.W.  ;  and  a  S.,  almost  absolutely  straight,  passing  through  Maryland  into  Virginia.  Opposite 
the  N.E.  segment  stands  the  similarly-curving  chain  of  the  highlands  of  New  York  and  New  Jersey  ;  opposite  the 
straight  middle  group  of  waves,  the  equally  straight  and  strictly  parallel,  deep,  synclinal  flexure  of  the  Montgomery 
and  Chester  Valley ;  opposite  the  curving  portion  of  the  district  of  the  Juniata,  the  curving  flexures  of  the 
metamorjjhic  district  of  York  County,  and  the  S.  mountains  of  Cinnberland  and  Adams  ;  and  opposite  the  straight 
S.  zone,  the  straight  metamorpliic  range  of  the  Blue  Eidge  of  Maryland. 

Parallelism  of  Groups. — 2.  The  flexures  or  waves,  where  the  undulated  zones  are  wide  and  complex, 
occur  in  groups  or  lesser  belts,  those  constituting  such  subordinate  series  observing  the  law  of  parallelism  still 
more  strictly  than  group  does  towards  group.  This  remarkable  parallelism  of  the  adjacent  flexures  in  an 
undulated  region  belongs  not  only  to  those  waves  and  groups  of  waves  which  are  rectilinear  in  their  crests,  but 
to  such  as  curve  even  very  considerably  in  their  lineation.  Nowhere,  perhaps,  is  the  constancy  of  this  law  so 
well  displayed  as  in  the  Appalachians.  This  great  mountain-zone  of  the  United  States  and  Canada,  about  1500 
miles  in  length,  and  more  than  150  in  its  maximum  breadth,  consists  longitudinally  of  eleven  difi'erent  sections, 
six  of  which  are  straight,  three  curvilinear,  and  convex  towards  the  N.W.,  and  two  also  curvilinear,  but  convex 
towaixls  tlie  S.E.  Three  of  the  straight  sections  have  an  approximately  E.  and  W.  trend,  and  the  other  three  an 
approximately  N.  and  S.  course.  Notwithstanding  the  great  windings  in  the  direction  of  the  chain  thus  indicated, 
it  is  remarkable  that  each  division  or  segment  of  it,  whether  straight  or  curved,  is  made  up  of  crust-waves 
and  groups  of  waves,  which  are  essentially  in  mutual  parallelism  ;  and  wherever  a  seeming  exception  to  tliis  rule 
presents  itself,  as  on  the  Upper  Juniata  in  Pennsylvania,  and  in  Northern  Vermont,  it  will  be  found  to  arise  from 
the  interference  or  interlocking  of  the  ends  of  the  waves  of  diflerent  but  adjacent  segments. 

Each  of  the  natural  divisions  of  the  undulated  zone  of  the  State  offers  mtmerous  interesting  instances  of  the 
above-mentioned  parallelism  of  the  difi'erent  groups  of  waves  with  each  other.  One  of  the  most  obvious  and 
curious  is  that  firrnished  by  the  several  sets  of  flexures  terminating  W.  near  the  river  Schuylkill.  First  we  have 
in  the  semi-igneous  belt  of  the  South  Mountains  a  succession  of  closely-packed  anticlinal  and  synclinal  waves, 
terminating  like  the  toes  of  the  human  foot,  each  more  Northern  one  a  little  behind  or  E.  of  its  S.  neighbour. 
Parallel  \vith  this  group  of  flexures,  and  just  opposite  to  it  towards  the  N.W.,  is  a  strikingly  similar  series,  ranging 
from  the  Lehigh  S.  of  the  Kittatinriy  Mountain,  and  then  through  that  ridge  into  the  Orwigsburg  Valley,  ending 
in  a  series  of  spurs  receding,  like  the  others,  in  the  manner  of  the  human  toes.  Thirdly,  there  occurs  to  the 
N.  of  these  still  another  group  of  waves,  parallel  to  the  two  former,  ranging  from  E.  of  the  Lehigh  through 
Mahoning  and  Sharp  mountains  into  the  Pottsville  coal-basin ;  and,  finally,  a  foiuth  belt  coming  oi:t  from  Nesque- 
honing  Mountain,  traversing  Locust  Valley,  and  entering  Broad  Mountain,  the  E.  synclinal  spurs  of  which  it 
disposes  in  precisely  the  same  order ;  the  anticlinal  flexures  separating  these  spurs  being  mutually  parallel, 
and  forming  a  group  parallel  to  the  three  other  groups. 

This  grouping  of  the  individual  waves  in  sets,  and  the  reciprocal  parallelism  of  the  several  sets  compared 
together,  is  remarkably  distinct  in  that  part  of  the  Geological  Map  which  pictm-es  the  country  W.  of  the  Susque- 
hanna. We  there  find  between  the  Kittatinny  or  Cumberland  Valley  and  Bald  Eagle  Valley,  at  the  base  of 
Alleghany  Mountain,  a  succession  of  six  groups  of  principal  undulations,  corresponding  to  the  six  anticlinal 
coves  dividing  the  W.  ends  of  the  coal-basins  E.  of  the  river,  and  these  six  sets  of  waves,  all  gently  crescent- 
shaped,  are  singularly  parallel.  Each  group,  excepting  the  N.W.  one,  which  is  simple,  is  composed  of  two  or 
more  main  anticlinals,  and  in  some  instances  of  several  subordinate  flexures,  like  secondary  waves  rmdulating  the 
slopes  of  primary  ones,  and  these  lesser  ones  are  themselves  disposed  in  groups,  and  yet  all  of  these  again  are 
strikmgly  parallel. 

Flexures  of  different  Orders. — 3.  Crossing  any  great  belt  of  anticlinal  and  synclinal  flexures,  such  as  that  of  the 
*  See  Abstract  of  Communication  to  American  Association  for  Advancement  of  Science,  Cambridge,  Mass.,  March  1849,  p.  113. 
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Appalachians,  or  tliat  of  Belgium  and  the  Ehenish  Provinces,  it  will  be  noticed,  when  the  undulations  are  carefully 
traced  and  compared,  that  they  consist  of  more  than  one  class  as  respects  dimensions  ;  indeed,  they  will  be  found  to 
be  of  two  or  three  grades,  when  grouped  according  to  their  length,  height,  and  amplitude.  In  most  j^arts  of  the 
Appalachian  chain  there  are  at  least  two  prevailing  magnitudes  in  the  waves.  The  cliief  class,  or  primaiy  undu- 
lations, are  of  great  size,  their  length  amounting  to  from  50  to  120  miles,  and  their  breadth  to  several  miles, 
except  where  they  are  closely  compressed.  The  subordinate  or  secondary  waves  are  seldom  more  than  a  fouiih 
of  a  mile  wide,  nor  do  they  usually  exceed  10  miles  in  length,  and  in  many  groups  they  are  much  shorter. 
Frequently  a  third  class  is  to  be  met  with,  of  still  smaller  and  less  persistent  flexures, — rolls  of  the  strata,  as  they 
are  called  in  the  coal-mining  districts  of  Pennsylvania, — which  seem  to  be  only  local  corrugations  of  the  more 
supeificial  rocks,  and  not  tnie  undulations  of  the  crust  pervading  the  entire  thickness  of  the  formations.  The 
relations  of  thq  primary  to  the  secondary  waves  will  be  enlarged  upon  hereafter  ;  it  vnll  suffice,  under  the  present 
head  of  parallelism  of  flexures,  to  state  that,  for  the  Aj>palachians  at  least,  those  of  the  second  order  are  not  neces- 
sarily parallel  to  those  of  the  first,  though  within  a  given  district  they  observe  among  themselves  the  same  mutual 
parallelism  which  the  larger  or  primary  waves  exhibit. 

In  no  pai-t  of  the  chain  is  this  independence  of  direction  of  the  lesser  or  secondary  undulations  towards  the 
primary  or  chief  flexures  more  conspicuous  than  in  the  three  principal  Anthracite  basins  of  Pennsylvania.  There 
tlie  secondary  waves  of  the  strata,  parallel  individually,  and  parallel  group  with  group,  are  yet  not  parallel  %vith 
the  chief  synclinal  axes  of  the  troughs  they  occupy.  Indeed,  some  of  the  longer  ones  range  obKquely  across  the 
coal-basins,  starting  in  the  mountain-barrier  of  one  side,  and  expiring  far  out  i^i  the  Coal-measures  towards  the 
other,  meeting  and  passing  others  coming  towards  them  from  the  opposite  direction.  They  would  seem  to  be,  in 
fact,  symmetrical  parallel  warpings  of  only  the  more  superficial  pliable  strata,  compressed  by  the  synclinal 
bondings  of  the  crust  wliich  formed  the  primary  basins.  In  the  Wyoming  Valley,  or  N.  anthracite  coal-field,  this 
relationship  of  these  smaller  waves  or  saddles  is  especially  manifest,  for  in  consequence  of  the  crescent-like  form 
of  this  trough  they  come  off  into  the  middle  of  the  basin  from  its  S.E.  barrier,  at  larger  and  larger  angles,  as  we 
advance  Northward. 

FOKMS  OF  THE  WAVES. 

Symmetrical  Flexures. — The  individual  waves  or  flexures  of  a  belt  of  undulated  strata  occur  imder  three 
essential  varieties  of  form.    The  first,  or  most  simple,  is  that  of  a  convex  or  concave  wave,  or,  in  technical 

geological  language,  an  anticlinal  or  synclinal  flexure,  in  which  the  two 
slopes  of  the  wave  are  equal  in  their-  degree  of  incurvation  or  steepness. — (Fig. 
701).  This  symmetrical  form  is  restricted  chiefly  to  the  gentler  or  flatter 
undulations,  and  especially  to  those  of  considerable  amplitude.  We  do  occa- 
FiG.  701.— Symmetrical  Flexui-e.      sionally  meet  with  steep  waves  of  the  strata,  having  a  nearly  equal  inclination 

on  both  their  sides  ;  but  these  are  generally  broken  civrves,  exlubiting  a  snap 
or  sudden  angle  at  the  anticlinal  or  synclinal  axis,  in  place  of  the  gradual  arching,  which  is  the  normal  form  of 
all  regular  crust-undulations. 

Undulations  of  the  symmetrical  type  present  themselves  in  Western  and  Northern  Pennsylvania  on  a  very 
grand  scale.  Two  great  groups  of  these  may  be  recognised  beyond  the  Alleghany  Mountain :  one  enters  the 
State  from  the  N.E.,  and  subdivides  the  N.  bituminous  coal-field  into  six  successive  basins  ;  five  very  broad, 
depressed  anticlinal  waves  penetrating  S.W.  into  the  high  table-land  covered  by  the  Coal-measxnres.  The  erosive 
action  of  water  has  denuded  the  iipper  firmer  strata  from  off"  the  anticlinal  or  convex  portions  of  these  waves,  and 
cut  the  district  into  as  many  parallel  valleys,  leaving  intervening  sjTiclinal  spurs.  The  inclination  of  the  strata 
upon  the  opposite  slopes  of  these  broad  waves  is  upon  the  average  nearly  the  same  in  both  directions — in  some 
cases  being  steepest  towards  the  S.E.,  in  others  towards  the  N.W.,  but,  with  one  or  two  exceptions,  always  at 
a  low  angle.  The  other,  or  S.W.  group  of  waves,  nearly  as  mde  and  somewhat  more  prominent  than  the  above 
mentioned,  is  composed  of  four  parallel,  equidistant,  very  straight  undulations,  traversing  parts  of  Cambria, 
Indiana,  Somerset,  and  Fayette  counties.  The  anticlinal  flexures  are  those  of  Negro  Momitain,  Laurel  Hill, 
Chestnut  Eidge,  and  the  upheaved  belt  W.  of  Greensburg.  In  each  of  these  there  is  an  approximation  to 
equality  in  the  inclinations  of  the  two  flanks  of  the  waves ;  though  in  each  instance  partaking  somewhat  of  the 
character  of  the  steeper  flexures  of  the  moimtain-chain  to  the  SJE.,  the  N.W.  slope  is  somewhat  greater  than  the 
S.E.  AU  these  N.E.  and  S.W.  undulations  possess  a  width  of  several  miles,  and  it  may  be  noticed  that  their  breadth 
enlarges,  while  their  curvature  or  steepness  lessens,  progressively  as  we  cross  them  in  a  N.W.  direction.  These 
facts,  and  an  explanation  of  their  cause,  will  be  dwelt  upon  in  another  place. 

Normal  Flexures.  —  Another  and  more  prevailing  form  displays  an  excess  of  incivrvation,  or  steepness 
of  flexure,  on  one  side  compared  with  the  other.  Waves  of  this  type  have  been  called  Normal  Flexures  by  my 
brother  and  myself  in  our  descriptions  of  the  Appalachian  chain,  where  they  are  very  common.  They  are  to 
be  seen  abundantly  in  the  Jura,  and  in  the  exterior  hills  of  the  Alps.  They  abound,  too,  in  the  undulated 
Palaeozoic  region  of  Southern  Belgium,  and  are  a  marked  feature  in  the  coal-basins  of  that  country.* 

*  See  Dumont's  "  M^moire  sur  les  Terrains  Ardennais  et  Khenen,"  &c. 
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These  flexures  prevail  wherever  the  forces  that  disturbed  the  crust  were  neither  excessively  intense  nor 
very  feeble.  They  usually  hold  an  intermediate  position  geographically  between 
the  groups  of  flat  sjTnmetrical  waves  and  those  which  are  closely  folded,  answer- 
ing to  the  middle  place  they  occupy  as  respects  energy  of  undulation.  Almost 
invariably,  those  of  a  simply  undulated  tract  exhibit  their  steeper  slopes  directed 
all  to  one  quarter.  The  exceptions  to  this  law  will  be  instanced  in  another  place, 
and  their  existence  accounted  for. 

Numerous  beautiful  examples  of  flexures  of  the  normal  type  are  to  be  met 
with  singly  and  in  groiips  tliroiighout  every  section  of  the  Appalachian  chain  of 
Peimsylvania,  from  the  Eiver  Lehigh  to  Maryland.    It  is,  indeed,  the  characteristic       Fig.  702.— Normal  Flexure, 
form  of  the  flexures  everywhere  between  the  Kittatinny  or  main  Appalachian  Valley 

and  the  Alleghany  Mountain.  It  distinguishes  not  only  those  larger  waves  which  separate  the  coal-containing 
strata  E.  of  the  Susquehanna  into  special  basins,  but  the  minor  undulations  which  throw  the  coal-measures  of 
these  basins  into  groups  of  lesser  saddles  and  troughs.  In  the  Pottsville  anthracite  basin,  the  anticlinal  ridge 
called  Mine  Hill,  trenched  to  its  base  at  the  passage  of  Mill  Creek,  and  the  W.  branch  of  the  Schuylkill,  is  a  fine 
example  of  the  normal  wave.  At  both  of  these  passes  or  gaps  the  regular  arching  of  the  rocks  is  so  well  exposed 
that  every  portion  of  the  curve  may  be  traced,  and  its  changing  inclination  measured.  The  prevailing  slope  or  dip 
in  the  S.  flank  of  this  wave  is  40°,  and  in  the  N.  flank  65°.  The  Gate  Eidge  near  the  S.  side  of  the  PottsviUe 
basin  is  an  instance  of  a  more  compressed  normal  flexure,  its  prevailing  S.  dips  ranging  from  45°  to  55°,  and  its 
N.  dips  fi-om  75°  to  80° — the  latter,  however,  becoming  perpendicular,  and  even  somewhat  inverted,  in  the 
vicinity  of  PottsvUle.  All  the  flexures  in  the  coal  strata  crossed  by  Silver  Creek  are  of  the  normal  type,  except 
the  most  Southern,  which  has  its  N.  flank  inverted.  On  Casca  William  Creek,  the  coal-measures  show  five  conspicuous 
waves,  every  one  with  a  gentle  S.  dip,  and  a  steeply-dipping  N.  side,  in  one  or  two  cases  inverted,  or  dipping  S. 
In  the  Shamokin  basin  we  have  a  good  example  of  a  normal  flexure  in  Little  Mine  Eidge,  in  the  S.  slope  of  which 
the  strata  dip  20°  S.,  in  the  N.  69°  N.  In  the  more  uplifted  region  W.  of  the  Susquehanna,  this  style  of  incur- 
vation in  the  waves  of  the  cnist  displays  itself  yet  more  conspicuously.  The  superior  elevation  of  the  waves 
there,  conjoined  with  a  denudation  which  has  in  many  instances  trenched  out  their  summits,  has  developed  their 
structm-e  in  the  clearest  manner,  enabling  the  observer  to  contrast  the  slopes  of  tlieir  two  flanks  withovit  any  diffi- 
culty. In  some  cases  he  beholds  the  inner  harder  strata  of  the  arch  entire  ;  in  others  he  is  enabled  to  reconstinct 
the  broken  arch,  by  prolonging  the  curves  of  its  two  abutments  ;  and  in  nearly  every  instance  he  perceives  a 
diff'erence  of  from  15°  to  30°  in  the  inclination  of  the  two  sides  ;  the  N.W.  dip,  with  a  few  exceptions,  being  the 
steepest.  A  traveller  ascending  the  Juniata  has  an  excellent  opportunity  for  witnessing  examples  of  this  prevailing 
class  of  crust-undulation  in  Tuscarora  Mountain,  and  in  tlie  pass  of  Jack's  Mountain  called  Jack's  Narrows,  in 
both  of  which  ridges  the  hard  Levant  sandstones  span  the  anticlinal  waves  in  almost  unbroken  crests.  At  the 
first-named  ridge,  the  gentler  or  S.E.  slope  of  the  strata  scarcely  exceeds  20°  at  the  river,  and  the  N.W.  is  35°  or 
40°;  but  when  this  wave  is  traced  longitudinally  from  this  point,  which  is  near  its  termination  S.W.,  to  its  central 
culminating  portion,  both  dips  increase,  the  S.E.  becoming  40°,  and  the  N.W.  about  65°.  The  flexure  which 
constitutes  Jack's  Mountain  at  the  Juniata  is  a  double  wave,  a  bolder  one  sustaining  a  gentler  one  on  its  S.E. 
flank,  but  both  of  these  possess  the  normal  type  :  the  principal  wave,  denuded  at  its  crest,  but  entire  as  it  recedes 
from  the  river,  displays  a  N.W.  dip  of  75°  or  80°,  and  a  S.E.  one  of  not  more  than  35° ;  the  other,  or  flanking 
wave,  a  N.W.  slope  of  45°,  and  a  S.E.  one  of  30°.  Numerous  instances  of  the  smaller  subordinate  class  of  flexures 
present  themselves  along  the  Jimiata,  especially  La  the  district  between  Tuscarora  and  Jack's  mountains,  but, 
with  scarcely  an  exception,  these  conform  to  the  same  law  of  a  steep  and  gentle  slope. 

The  Pass  of  Wills'  Creek  Moimtain  W.  of  Cumberland,  on  the  Potomac,  is  a  highly  picturesque  example  of  a 
normal  arch  or  wave,  cut  nearly  to  its  base  ;  and  we  meet  with  several  beautiful  instances  of  similar  archings  of 
the  strata,  on  a  grand  scale,  where  the  one  side  is  more  incurved  than  the  other,  in  the  central  ridges  of  the 
mountain-chain  in  Virginia  still  farther  S. 

The  Jura  chain  of  Switzerland  has  been  already  referred  to  as  containing  many  normal  flexures.  No  one 
who  has  not  travelled  leisurely  through  the  mountain  gorges  of  that  most  attractive  region,  can  conceive  the 
grandeur  and  beauty  of  some  of  the  wide-sweeping,  lofty,  semicircular  precipices  which  there  enchant  the  beholder 
in  the  Cluses  or  deep  oval  valleys,  trenched  by  heavy  waters  out  of  vast  wave-shaped  mountains,  of  the  class  I 
am  here  describing.  An  American,  familiar  with  the  grand  passes  of  the  anticlinal  ridges  of  the  Appalachian 
chain,  may  get  a  conception  of  the  far  superior  and  wilder  beauty  of  those  of  the  Jura  Mountains,  if  he  will 
imagine  the  huge  waves  of  his  own  strata  to  be  three  or  four  times  as  broad  and  lofty,  and  the  strata  themselves  to 
consist,  not  of  resisting  sandstones,  but  of  an  alternation  of  deposits  of  soft  shales  and  of  thick-bedded  limestones, 
the  most  picturesque  of  all  rocks  when  cai-ved  into  ci-ags  and  cliffs. 

Folded  Flexures. — This  third  and  remaining  class  consists  of  flexures  in  which  there  is  an  inversion,  or  doubling 
under,  of  the  steeper  side  of  each  convex  curve  or  wave  (Fig.  703).  When  this  structure  is  at  a  maximum,  the  folding 
back,  downwards,  of  each  convex  or  anticlinal  arch  amounts  almost  to  a  parallelism  of  the  two  branches  or  sides  of 
the  curve  ;  and  where  there  are  several  such  foldings,  alternately  convex  and  concave,  the  strata  may  be  said  to  be 
crimped  or  plicated  into  one  dip,  though  the  entire  change  of  inclination  through  which  the  inverted  portions  have 
been  bent,  amounts  to  the  supplement  of  the  angle  of  the  dip  or  the  difference  between  the  apparent  dip  and  180°. 
VOL.  II.  5  u 
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It  is  a  necessary  feature  of  all  such  folded  flexures,  that  the  approximately  parallel  sides  of  the  folds  dip  obliquely 
and  not  perpenrlicularly  to  the  horizon.    They  are  therefore  but  exaggerated  instances 
\  of  the  class  of  normal  flexures,  or  those  where  one  branch  of  the  curve  is  steeper  than 

/r*">»^        the  opposite.    As  in  the  case  of  the  normal  flexures,  the  more  incurved  sides  of  these 
^  I  \  folded  waves  generally  look  the  same  way. 

\    \    \  inspection  of  the  general  sections  illustrating  the  Geological  Map,  and  of  many 

>v     \  \     \         of  the  local  ones,  displaying  the  stratification  in  the  S.E.  portion  of  the  State,  will  show 
X^^XJ  that  the  flexures,  with  inversion  of  their  steep  sides,  are  chiefly  confined  to  the  Great 

Appalachian  or  Kittatinny  Valley,  and  the  Atlantic  slope  S.  of  it ;  though  instances  of 
\  this  structure  are  to  be  met  with  N.W.  of  the  Kittatinny  Mountain,  especially  in  the 

Fig.  703.— Folded  Flexxire.  coal-measures  of  the  Pottsville  basin.  The  synclinal  limestone  valley  of  Montgomery 
and  Chester  counties  is,  in  its  central  and  E.  portions,  of  this  type;  for  while  the  strata 
of  its  N.  side  dip  S.  seldom  steeper  than  45°,  those  of  its  S.  side  near  and  E.  of  the  Schuylkill  are  somewhat 
overthrown  beyond  the  perpendicular.  But  it  is  in  the  district  S.  of  this  vaUey  that  we  find  the  most  nimierous 
cases  of  oblique  or  folded  flexures.  Nearly  every  small  insulated  outcrop  of  crystalline  limestone  in  the  S.  part  of 
Delaware  and  Chester  counties  is  an  instance  of  a  trough  or  little  basin  where  the  S.  side  has  been  folded  over 
upon  the  N.,  until  it  has  been  squeezed  down  into  a  S.  dip  scarcely  exceeding  that  upon  which  it  leans. 

The  Kittatinny  Valley  is  full  of  flexures  of  this  extreme  type,  imparting  a  prevailing  S.E.  dip  to  the  whole 
outcrop.  Their  number,  and  the  excessive  difficulty  of  detecting  and  continuously  tracing  them,  fnistrates  every 
attempt  at  mapping  them  individually  :  nor  was  it  deemed  desirable,  with  the  limited  resources  of  the  Geological 
Survey,  to  persevere  far  in  a  task  promising  little  scientific  or  practical  advantage. 

Axis  Planes. — It  is  convenient,  for  the  purpose  of  expressing  the  kind  of  flexure,  its  degi-ee,  and  its  direction,  to 
have  regard  to  the  geometric  planes  which  bisect  or  equally  divide  the  anticUnal  and  synclinal  bends.  These 
imaginary  planes  we  have  called  the  axis-planes  of  the  undulations,  being  those  which  include  all  the  horizontal 
lines  or  axes  round  which  the  individual  concentric  strata  have  bent  in  the  act  of  undulating  or  folding.  In  the 
first-described  class  of  flexures,  or  those  of  symmetrical  curvature,  each  anticlinal  and  synclinal  axis-plane  is 
necessarily  perpendicular  to  the  horizon.  In  the  second  class,  or  the  normal  flexures,  these  axis-planes  are  necessaiily 
not  perpendicular,  but  steeply  inclined  to  the  horizon,  and  their  deviation  from  the  perpendicular  is  in  proportion 
to  the  difference  of  inclination  or  of  incurvation  of  the  two  slopes  of  the  wave,  modified,  according  to  a  certain  law 
of  variation,  with  the  dip.  In  the  third  class,  or  that  of  flexures  with  inversion,  the  axis-planes  are  likewise  not  per- 
pendicular ;  and  it  will  be  found  that,  in  the  great  majority  of  instances,  they  dip  with  a  less  degree  of  steepness 
than  the  planes  bisecting  waves  of  the  normal  or  otlier  unsymmetrical  type.  Indeed,  it  may  be  stated  generally, 
that,  just  in  proportion  as  the  flexure  departs  from  the  symmetrical-wave  form,  through  greater  and  greater 
inequality  of  dip,  up  to  parallelism  of  the  inverted  with  the  uninverted  branch  of  the  curve,  the  axis-plane  departs 
from  the  perpendicular  direction,  to  assume  a  less  and  less  inclination  to  the  horizon.  In  many  districts  of 
extreme  plication  of  the  strata — for  instance,  in  the  Atlantic  slope  of  the  Middle  and  Southern  States  of  North 
America,  also  in  the  Bernese  Oberland,  in  the  Ardennes,  and  in  North  Wales — the  axis-planes  dip  at  an  extremely 
low  angle,  consequent  on  the  excessive  amount  of  horizontal  movement  which  the  strata  have  undergone  in  the 
act  of  folding. 

The  positions  and  dips  of  the  axis-planes  are  shown  in  the  preceding  woodcuts. 

So  nearly  parallel  are  the  inverted  to  the  uninverted  sides  of  the  folds — the  axis-planes  all,  of  course, 
dipping  one  way — in  many  districts  of  close  plication,  that  the  detection  of  the  anticlinal  and  spicliual  bends  is 
not  a  little  difficult,  especially  where  the  sections,  natural  or  artificial,  are  not  perfectly  clear  of  superficial  debris. 
In  such  cases  the  whole  plicated  mass  looks  as  if  it  contained  but  one  dip,  or  consisted  of  only  one  tliick  sequence 
of  deposits,  instead  of  a  much  thinner  formation  many  times  reduplicated.  To  add  to  the  liability  of  error,  such 
bodies  of  folded  strata  are  especially  subject  to  that  condition  of  jointage  which  is  called  slaty  cleavage.  In  this 
structure,  as  I  shall  presently  show,  the  divisional  planes  not  only  tend  to  obscure  the  original  planes  of  sedimen- 
tation by  their  greater  conspicuousness,  but  they  often,  by  observing  a  very  prevailing  parallelism  to  the  general 
dijj  of  the  folded  beds,  or,  more  strictly,  to  their  axis  planes,  effectually  disguise  the  anticlinal  and  synclinal 
curves.  It  is  from  these  circumstances,  and  not  from  any  erroneously-supposed  power  of  tmncation  or  denudation, 
to  actually  remove  the  anticlinal  bends  of  the  strata,  that  it  is  frequently  so  difficult  to  detect  the  true  order  of 
original  superposition  and  the  real  thickness  of  closely-plicated  foi-mations.  Of  course,  no  erosion  upon  an 
anticlinal  axis,  however  closely  folded  it  may  be,  can  obliterate  the  bends  in  those  beds  which  have  their  cun-es 
below  the  level  reached  by  the  denuding  agent. 

Crust  Waves,  Straight  and  Curvilinear. — Regarding  the  great  flexures  of  the  crast  as  individual  waves,  which 
in  truth  they  seem  to  be,  we  find  them  exhibiting,  not  only  the  above  diflerences  in  the  sloping  of  their  two  sides, 
but  marked  differences  of  form  when  viewed  longitudinally.  Thus,  many  are  of  extraordinary  straightness ;  some 
of  the  larger  simple  anticlinals  of  the  Appalachians  being  more  than  100  miles  in  length,  without  any  material 
or  even  perceptible  horizontal  crooking  or  deviation  in  their  crest-lines.  Others  again  are  curved,  some  of  these 
sweeping  convexly  towards  the  quarter  of  chief  crust-dislocation  and  metamorphism,  others  curving  convexly 
from  it,  but  we  never  find  these  two  classes  associated  in  the  same  group,  and  in  the  Appalachians  never  even 
in  the  same  segment  of  the  undulated  zone.    In  some  districts  of  this  and  other  chains,  some  of  the  principal 


STEAIGHT  AND  CURVILINEAR  WAVES. 


891 


curvilinear  anticlinals  and  troughs  are  quite  as  extended  in  length  as  the  great  axes  which  are  straight.  They 
appear  to  be  independent  waves  generated  from  curvilinear  fractures  of  the  crust,  and  not  to  be  merely  the 
bending  terminations  of  adjacent  rectilinear  flexures.  One  of  the  most  interesting  features  belonging  to  some  of 
them  is,  their  extent  of  curvature,  and  the  graceful  continuous  smooth  sweep  which  their  curving  axes  present, 
often  without  jog  or  liitch,  from  one  extremity  to  the  other.  This  crescent-like  form  is  developed  in  a  high  degree 
in  those  curving  sections  of  the  Appalachian  chain,  where  the  waves  are  convex  North-westward,  or  from  the 
quarter  of  maximum  dislocation — the  Atlantic  slope.  In  the  Juniata  division  of  the  chain  in  Pennsylvania,  some 
of  the  curving  anticlinals,  80  and  100  miles  in  length,  change  their  trend  between  their  two  extremities  as  much 
as  40° ;  and  in  the  Delaware  division  of  the  same  chain,  which  bends  with  a  concave  sweep  to  the  N.W.,  the 
deflection  in  more  than  one  great  synclinal  trough  and  anticlinal  axis  is  not  less  than  60°.  This  fact  of  the  curvi- 
linear form  of  anticlinals  and  synclinals  of  great  length  in  this  chain  was  long  ago  offered  by  us,  as  a  phenomenon 
incompatible  with  the  generalisation  of  the  eminent  French  geologist,  M.  Elie  de  Beaumont,  who  conceives  that 
the  lines  of  elevation  of  the  crust  have  been  great  circles  of  the  sj^here,  and  that  those  of  a  given  geological 
epoch  have  invariably  observed  one  constant  direction.  The  whole  of  the  Apjialachian  chain  having  been 
demonstrably  corrugated  into  its  present  undulations  at  one  epoch,  that  of  the  end  of  the  coal  period,  the  simple 
fact  that  its  different  groups  of  waves  deviate  as  widely  in  direction  from  each  other  as  60°,  while  those  of  each 
group  are  reciprocally  parallel — the  whole  chain  indeed,  if  subdivided  on  this  principle  of  direction,  including  not 
less  than  eleven  conspicuous  segments — is  itself  enough  to  show  that  no  particidar  constancy  of  relation  can  be 
established  between  the  dates  of  elevations  and  the  mere  directions  of  the  lines  or  axes  of  the  strata.  But  this 
other  fact  of  so  marked  a  change  of  direction  in  one  and  the  same  axis,  as  displayed  by  these  crest-shaped 
waves,  is,  if  possible,  in  stiU  more  striking  contradiction  with  that  hypothesis.  Another  fact  connected  with  the 
groups  of  curving  waves  in  the  Appalachian  chain  is  particularly  deserving  of  mention  in  this  place,  from  the 
bearing  it  appears  to  have  upon  the  question  of  the  direction  of  the  pulsatory  or  wave-like  motion  of  the  crust, 
at  the  time  of  the  permanent  production  of  the  flexures.  This  is,  that  the  individual  waves  in  aU  the  segments  of 
the  chain  which  are  convex  North-westward  exhibit,  as  already  said,  a  continuous  symmetrical  crescent-like 
curvature  ;  those,  on  the  contrary,  which  are  included  in  the  other  curvilinear  districts,  convex  to  the  South-east, 
or  towards  the  region  of  dislocation  and  metamorphism,  present  a  much  less  regular  incurvation  along  their 
anticlinals  and  synclinals,  and  a  far  greater  amount  of  interference  and  of  dislocation.  These  appear  indeed  to 
be  the  sections  of  the  chain  where  the  greatest  amount  of  tangential  wrenching,  rupturing,  and  warping  of  the 
crust  has  taken  place,  and  where  the  greatest  amount  of  transverse  hitching  and  fracturing  has  happened  to  all 
the  strata.  The  causes  of  this  difference  will,  I  think,  be  seen,  when  I  shaU  have  developed  our  theory  of  the 
mechanical  forces  which  undulated  the  Appalachian  strata,  and  set  in  motion  the  stupendous  billows  of  the  crust, 
which  resulted  in  the  elevation  of  these  mountains.  An  inspection  of  the  best  maps  and  sections  of  the  more 
disturbed  European  zones,  leads  me  to  believe  that  a  similar  contrast  ju-evails  between  the  curvilinear  waves 
which  are  convex  to  the  districts  of  disruption,  whence  I  suppose  them  to  have  proceeded,  and  those  which  are 
concave  to  the  same  quarters  ;  but  before  this  law  in  all  its  generality  can  be  established,  geologists  must 
institute  far  more  critical  researches  into  the  physical  structure  of  those  undulated  and  plicated  districts  than  they 
have  hitherto  conducted. 

Flexures  or  Waves  of  the  Strata,  regarded  Longitudinally. — Having  discussed  the  parallelism  of  adjacent 
undulations  of  the  strata,  their  several  specific  forms,  sjTumetrical,  normal,  and  folded,  the  attitudes  of  their  axis- 
planes  ;  the  straightness  of  some  groups,  the  curvilinear  shape  of  others  ;  and  shown  their  laws  of  gradation 
when  severally  compared,  wave  with  wave,  or  group  with  group,  it  remains  to  trace  the  changing  phases  of  a 
flexm-e  as  we  view  it  lengthwise,  or  under  the  several  aspects  it  assumes  between  its  two  extremities.  Like  all 
true  waves  or  billows,  every  unbroken  anticlinal  flexm'e  of  the  strata — and  the  description  will  apply  equally  to 
the  synclinal,  which  are  but  their  coiinterijarts — has  its  maximum  elevation  in  the  middle  of  its  length,  its  crest- 
line  declining  in  a  gentle  curve  both  w'ays  towards  its  extremities.  Commensurate  with  this  longitudinal 
subsidence,  there  is  a  flattening  down  of  its  two  slopes,  and  a  progressive  approach  in  them  to  an  equality  of 
dip,  until,  near  the  terminations,  there  is  seldom  an  appreciable  difference  in  this  respect :  thus,  the  same  wave, 
especially  if  it  be  one  of  the  more  majestic  class,  will  present  every  gradation  between  its  centre  and  two  ends, 
from  the  normal,  or  even  inverted  type  of  structure,  to  the  flat  symmetrical.  Crossed  in  its  central  portions,  it  may 
show  the  steeper  flank  thrown  partially  backward  under  the  gentler ;  and  receding  towards  either  end,  the 
inversion  becomes  a  perpendicular  di^?,  then  a  steep  normal  one,  and  as  we  stiU  advance,  this  normal  dip  grows 
flatter  and  flatter,  until  towards  the  terminations  it  equals  the  opposite  gentle  one,  and  the  two  subside  altogether ; 
and  this  law  of  gradation  holds  true  of  all  regular  waves,  whatever  be  their  amount  of  flexure  in  the  middle  jjart. 
It  is  a  consequence  of  this  structure,  or  rather  this  structure  arises  from  the  fact,  that  in  the  middle  parts  of 
all  regular  anticlinals  lower  rocks  than  in  the  terminal  are  hfted  to  the  same  absolute  level ;  they  are  indeed 
only  very  elongated  oval  bidgings  of  the  strata,  more  squeezed  on  one  slope  than  on  the  opposite,  and  their  strata 
will  be  found  to  dip  in  all  directions  away  from  their  primary  axes  of  elevation.  Hence,  where  great  waves 
of  the  normal  structure  have  been  deeply  eroded  by  excavating  waters,  they  often  exhibit  in  their  central  portion 
a  long  oval  valley,  formed  by  the  cutting  through  of  upper  firmer  rocks  into  softer  lower  ones.  The  floors  of 
these  valleys  are  merely  horizontal  sections  of  the  ujjlifted  waves,  and  generally  reveal  in  their  ground-plans  the 
soUd  forms  or  styles  of  modelling  of  the  uphfted  billows. 
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Of  the  Distribuiion  of  Flexures  into  Groups. — Wherever,  in  the  Appalachian  chain,  we  become  minutely 
familiar  with  the  undulations  of  the  strata,  we  find  it  impossible  to  resist  the  conclusion  that  the  axes  aiTange 
themselves  in  natural  groups.  In  those  districts  wliich  are  crowded  with  normal  axes,  such  as  the  Susquehanna 
and  Juniata  divisions  of  the  Appalachian  chain,  many  such  groups  attract  our  notice  ;  each  assemblage  is  distin- 
guished by  some  special  character,  and  we  are  inchned  to  regard  the  comparison  and  analysis  of  their  several 
features  as  of  the  very  highest  importance  in  those  investigations  of  geological  dynamics  into  which  the  whole 
subject  of  flexures  evidently  leads. 

In  the  very  interesting  belt  of  parallel  waves  occupying  Union  and  parts  of  Centre  and  Huntingdon 
counties  between  the  Lewistown  Valley  and  the  vaUey  of  the  Bald  Eagle  and  West  Branch,  though  there  are  three 
chief  groups  of  anticlinal  waves,  these  may  be  regarded  as  constituting  one  grand  zone  of  singularly  regular 
undulations.  Viewed  together,  these  waves  are  ten  in  number,  the  axis  of  each  wave  passing  Eastward  from  a 
valley  of  Auroral  limestone,  or  Matinal  slate,  through  a  beautifiiUy-regular  mountain-spur  of  the  Levant  sand- 
stone, and  expiring  in  the  softer  upper  rocks  on  one  or  the  other  side  of  the  Susquehanna.  The  ten  mountain- 
ridges  which  express  these  ten  undulations  in  the  Levant  strata  are  arranged  in  a  beautifully  symmetrical  order, 
all  of  them,  excepting  the  long  spur  of  Jack's  Mountain,  throwing  themselves  successively  farther  Eastward  the 
farther  Northward  they  are.  That  they  all  constitute  strictly  a  single  group,  Hfted  by  the  same  crust-movement 
or  series  of  movements,  is  palpable  from  the  fact  that  their  breadth  or  amplitude  as  waves,  increases  progressively 
as  we  cross  them  North-westward. 

Another  well-characterised  belt  of  flexures  fills  the  Lewistown  Valley  in  Pennsylvania,  applying  this  name 
to  the  whole  of  the  long  natural  valley  which  extends  from  the  Susquehanna  to  the  Juniata,  S.E.  of  Jack's 
Mountain.  In  a  breadth  of  about  6  miles,  there  are  here  usually  from  five  to  six  long,  parallel,  and  gently-curving 
anticlinal  axes,  all  of  them  of  the  normal  form,  resembling  each  other  very  nearly  in  the  steepness  of  their  dips, 
or  average  degrees  of  flexure.  The  lowest  rocks  which  they  lift  to  the  surface  are  the  Surgent  shales,  and  the 
highest  which  their  intermediate  troughs  have  retained  are  the  shales  of  the  Cadent  series. 

A  third  very  natural  group  of  flexures  is  to  be  noticed  in  the  E.  part  of  the  middle  anthracite  coal-field  ot 
Pennsylvania.  The  axes  in  question  separate  that  region  into  an  assemblage  of  small  parallel  coal-basins,  of 
which  the  Beaver  Meadow  basin  is  one.  Like  the  previous  groups,  these  axes  ai-e  characterised  by  their- 
remarkable  parallelism,  their  similarity  in  length,  their  gradually-increasing  distances,  and  their  gentle  gradation 
in  degree  of  flexure.  They  all  of  them  bring  to  the  surface  the  conglomerate  wliich  next  underlies  the  coal ; 
and  tlie  troughs  which  they  form  contain  about  the  same  moderate  depth  of  Coal-measures,  growing  shallower, 
however,  to  the  N.W.  This  collection  of  axes,  unlike  the  two  groups  before  described,  constitutes  a  straight 
system. 

If  it  were  desirable,  we  might  extend  the  enumeration  of  the  groups  of  axes  to  every  part  of  the  Appalachian 
chain  ;  but  abundant  evidence  has  been  furnished  to  show  that  our  anticlinal  axes  are  not  irregularly  distributed, 
but  maintain  relations  with  each  other,  which  require  that  they  should  be  classified  and  studied  collectively. 

Their  generic  resemblances  examined,  they  will  be  foimd  to  exhibit  general  laws  and  analogies  that  cannot 
fail  to  lead  to  some  higldy  ciirious  results  concerning  the  forces  which  have  thus  undulated  the  earth's  crust. 
That  this  cvirious  and  most  instructive  department  of  geological  djniamics  has  escaped,  imtil  lately,  the  attention 
of  the  best  investigators,  we  can  only  attribute  to  the  fact,  that  in  Eui'ope  no  belt  of  axes,  equal  in  extent  to  the 
Appalachian  system,  has  come  within  the  notice  of  geologists.  Before  a  philosophical  theory  of  flexures  can  be 
framed,  large  opportunities  must  be  had  for  classifying  their  phenomena  and  tracing  their  laws  of  gradation. 

GRADATIONS  IN  FLEXURES. 

Gradation  from  the  Folded  to  the  Symmetrical  Waves. — Several  phenomena  of  gradation  wiU  be  found  to  display 
themselves  when  we  cross  any  broad  belt  of  plicated  and  undulated  strata.  Starting  from  the  side  of  maximum 
disturbance  and  contortion,  invariably  the  quarter  of  maximum  igneous  action, — displayed  either  in  Plutonic 
eruptions  through  the  crust,  in  crust  dislocations,  or  in  metamorphism  of  the  sedimentary  rocks, — the  flexiu-es 
first  met  with  are  of  the  obliquely-plicated  form.  Advancing  towards  the  middle  of  the  zone,  the  folds  become 
obviously  less  close ;  and  proceeding  still  farther,  they  gradually  open  out,  displaying  more  conspicuously  their 
anticlinal  and  synclinal  curves,  until  the  inveiied  side  of  each  wave  becomes  only  perpendicidar.  This  perpen- 
dicular altitude  of  the  steep  side  soon  becomes  a  dip  towards  the  opposite  quarter  fi-om  that  previously  obsei-ved 
by  both  sides ;  and  as  we  proceed,  the  steepness  of  the  slope  of  the  wave  now  rectified  in  position  grows  progres- 
sively less  and  less,  until,  on  the  far  side  of  the  zone,  both  slopes  approximate  to  equality. 

Gradations  of  Structure  in  Individual  Flexures  exemplified. — To  render  this  subject  of  the  gradations  of  phase 
in  the  same  flexure  more  intelligible,  I  shall  here  cite  a  few  instances  from  the  Appalachian  chain  in  Pennsylvania 
and  Virginia.  The  relation  between  the  degree  of  development  or  rise  of  the  axis  of  an  anticlinal  undulation, 
and  the  steepness  of  its  dips,  is  admirably  exhibited  in  the  great  flexures  which  constitute  the  chain  between 
the  Susquehanna  and  the  Potomac.  Selecting  as  one  of  the  chief  of  these,  that  grand  N.W.  one  which  encloses 
Nippenose,  Nittany,  and  Sinking  valleys,  we  can  trace  it  through  all  its  gradations,  from  the  tv-pe  of  a  flat 
symmetrical  undulation  at  its  extremities,  to  that  of  a  greatly-lifted  and  compressed  wave,  with  a  pei-pendicular 
steepness  on  the  N.W.  side,  at  its  middle  part.    Its  total  length  is  about  120  miles,  its  axis  sweeping  in  a  long 
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and  gentle  curve  from  tlie  table-land  of  Mahoopeny  Mountain,  at  the  sources  of  Little  Muncy  Creek,  to  the  foot 
of  the  Alleghany  Mountain  west  of  the  Blue  Knob  in  Bedford  County,  traversing  in  its  length  the  excavated  oval 
limestone  valleys,  called  Musquito,  Nippenose,  Nittany,  Half- Moon,  and  Sinking  valleys.  At  each  end,  and  for 
a  few  miles,  this  flexure  is  flat,  and  of  symmetrical  or  equal  slopes ;  but  approaching  nearer  the  middle  portion,  it 
grows  bolder,  lifting  the  Levant  sandstones  into  long  pointed  mountain-spurs,  which  ascending,  divide  into  mono- 
clkial  crests.  At  these  points,  where  it  takes  the  names  of  Muncy  and  Brush  mountains,  the  wave  assumes 
distinctly  the  normal  form,  growing  rapidly  higher,  and  increasing  in  the  steepness  of  its  N.W.  dip  as  it 
elevates  lower  and  lower  formations,  until  finally  the  great  Auroral  Limestone  rises  to  the  day  in  Nittany  and 
Sinking  valleys.  Between  the  ends  of  these  and  the  centre  of  its  range  S.W.  of  BeUefont.  the  N.W.  dip  steadily 
steepens,  until  centrally  it  grows  perpendicular,  and  even,  in  some  places  between  BeUefont  and  Tyrone  Gap, 
becomes  a  little  inverted.  In  the  vdcinity  of  the  Little  Juniata,  and  apparently  for  some  miles  N.E.,  the  flexure 
has  given  way  at  its  axis,  passing  into  a  dislocation  visible  near  the  village  of  Birmingham. 

We  have  another  interesting  example  of  a  precisely  similar  gradation  from  the  flat,  symmetrical,  steep  normal 
structure,  in  the  regularly  crescent-shaped  anticlinal  wave,  formed  by  the  strata  of  Kishicoquillas  Valley  in  Jack's 
Mountain.  The  axis  of  this  flexure  is  traceable  from  the  West  Branch  of  the  Susqiiehanna  above  Northumber- 
land, to  beyond  Sideling  Hill  Creek,  a  length  of  100  miles,  and  it  goes  through  the  same  changes,  except  that  it 
nowhere  reaches  an  inversion  of  its  N.W.  flank.  Tuscarora  Mountain,  Shade  Mountain,  Blue  Mountain,  Black 
Log  Mountain,  and  Wills'  Mountain  in  Bedford  and  Maryland,  are  all  instances  of  a  similar  gradation  of 
structure.  Another  fine  example  is  that  of  Montour's  Ridge,  near  the  North  Branch  of  the  Susquehanna ;  though 
in  this  instance  the  wave  only  reaches  a  moderately  gentle  normal  flexure  at  its  midway  section. 

South  of  Pennsylvania  the  Appalachian  chain  contains  many  noble  instances  of  normal  and  even  folded 
flexures,  displa;y'iug  like  degrees  of  alteration  in  their  profiles  from  their  extremities  towards  their  centres.  The 
Knobly  Mountain  of  Virginia,  the  most  Westerly  large  anticlinal  wave  S.E.  of  the  coal-region,  retains  a  normal 
profile  in  its  strata  through  a  length  of  more  than  50  miles.  Commencing  near  Cumberland  on  the  Potomac, 
this  wave-shaped  mountain  rises  and  widens,  until,  in  Pendleton  County,  its  N.W.  dips  become  vertical,  or 
a  Little  inverted ;  and  they  retain  this  attitude  for  40  mUes  farther  S.  to  the  anticHnal  valley  of  Crabb  Bottom. 
There  passing  the  cuLminating  part  of  its  axis,  the  wave  slowly  sinks,  and  opens  out,  displaying  its  previous 
phases  in  a  reversed  order  as  it  advances,  until  the  divided  crests  close  again  by  declension  of  the  dip  of  the 
strata,  and  it  becomes  once  more  a  gentle  normal  flexure,  terminating  finally  at  the  S.W.  in  an  inconspicuous 
low  ridge  or  spur  of  equal  opposite  dips. 

The  BuU-Pasture  Mountain  of  Pendleton  and  Bath  counties,  Virginia,  displays  the  same  gradual  steepening 
of  the  flexure  as  its  lower  strata  are  successively  lifted  to  the  sm-face,  and  preserves  in  its  central  portion  the 
normal  profile  without  inversion,  tlirough  a  length  of  more  than  50  miles.  J ackson  Mountain,  in  Virginia,  is  part 
of  a  great  wave  of  the  strata,  which,  commencing  in  Pendleton  County,  runs  nearly  straight  to  the  deeply-scooped 
anticHnal  vaUey  of  the  Warm  and  Hot  Springs,  and  terminates  near  Covington.  Its  length  is  about  70  miles. 
Manifesting  at  each  end  a  gentle  equal  arching,  the  curvature  or  steepening  of  its  strata  in  profile  regularly 
increases,  especially  along  its  N.W.  side.  As  far  as  the  strong  Levant  sandstones  span  the  wave,  the  moun- 
tain is  single  in  its  crest,  but  at  the  head  of  the  Warm  Spring  Valley,  and  thence  to  the  lower  end  of  the 
Falling  Spring  Valley,  this  crest  is  parted  into  two  ridges  by  deep  excavation  on  the  summit  of  the  wave,  the 
erosion  having  reached  down  to  the  Auroral  limestone  ;  and  in  this  most  lifted  and  laterally- compressed  central 
portion,  the  N.W.  side  of  the  wave  is  perpendicular,  and  even  inverted.  At  the  end  of  the  Falling  Spring  Valley 
the  harder  rocks  of  the  mountain  close  over  the  slate  and  limestone  of  the  valley,  and  the  flexure  begins  to  sink, 
contract,  and  flatten  off  in  both  its  slopes,  until  at  Jackson's  Eiver  this  prodigious  wave  of  the  rocks  dies  out  in 
a  low  obtuse  ridge  of  very  depressed  and  nearly  equal  dips. 

The  very  interesting  relation  here  presented  between  the  amount  of  incurvation  or  the  steepness  of  the  dips 
in  flexures,  and  the  amount  of  positive  uprise  of  the  strata,  applies  equally  to  the  lesser  or  secondary  anticlinal 
waves,  and  pervades  every  portion  of  the  Appalachian  chain.  It  constitutes  an  important  law  of  structure  con- 
nected intimately  with  the  theory  of  a  wave-motion  of  the  crust,  through  which  we  seek  to  explain  the  curious 
phenomena  of  the  undulated  profile  or  wave  form  of  the  strata,  so  universal  in  all  the  disturbed  districts  of  the 
globe. 

Progressive  Expansion  of  the  Waves  in  one  Direction. — Concurrently  with  this  gradation,  there  is  a  progressive 
opening  out  of  the  spaces  between  the  crests  of  the  successive  waves — such  mdeed  as  to  amount  in  the  Appala- 
chians, and  sundry  other  broad  regions  of  crust-undulation,  to  an  enlargement  by  many  times  of  the  amjilitude  of 
the  more  compressed  class  of  flexures. 

This  remarkable  and  instructive  fact  is  common  to  nearly  all  of  the  Primary  class  of  undulations  of  the  Appala- 
cliian  chain,  and  is  even  common  to  many  of  the  groups  of  secondary  dimensions.  It  is  manifested  on  a  fine 
scale  in  the  group  of  broad  low  waves  which  form  the  six  finger-like  mountain-basins  in  which  the  great  bitumin- 
ous coal-field  tenninates  North-eastward,  between  the  North  Branch  of  the  Susquehanna  and  the  waters  of  the 
West  Branch  and  the  Alleghany  River.  It  is  one  of  several  phenomena  of  gradation  in  the  relations  of  the 
Appalachian  flexures,  which  originally  suggested  to  the  author  and  his  brother  the  theory  of  crust-undulations, 
or  of  a  billowy  upheaval  of  the  strata,  and  is  a  fact  which  no  other  hypothesis  of  the  origin  of  anticlinal  and 
synclinal  flexures  can  account  for.    Although  distinctly  noticeable  in  the  N.W.  side  of  the  belt,  the  gradation 
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prevails  equally  in  the  middle  and  S.E.  tracts ;  but  in  the  latter  the  numerous  minor  flexures,  with  the  inter- 
ference of  groups  of  different  dimensions,  prevents  our  at  first  perceiving  the  law  in  all  its  simplicity  and 
exactness.  Towards  the  S.E.  side  of  the  chain,  the  flexures  become  so  numerous,  and  are  so  often  folded  or 
inverted,  as  in  most  cases  to  render  the  comparison  of  their  distances  impracticable ;  yet  even  in  tliis  quarter, 
the  general  truth  appears  in  the  diminished  space  between  the  foldings  as  we  cross  the  Great  Valley  south- 
eastward. Viewing  the  whole  breadth  of  the  chain,  the  prevalence  of  the  nile  is  obvious,  no  matter  by  what 
section  we  cross. 

EXCEPTIONS  TO  THE  PREVAILING  LAW  OF  STEEPER  N.W.  THAN  S.E.  DIPS  IX  THE  APPALACHIAN  CHAIN. 

There  exist  among  the  undulations  of  the  strata  in  Pennsylvania  a  few — they  are  veiy  few — exceptions  to 
the  almost  universal  law  of  a  superior  degree  of  abniptness  of  incurvation  upon  the  N.W.  slopes  of  the  anticUnal 
waves.  These  abnormal  instances  of  relative  dip  belong  almost  invariably  to  the  secondary  class  of  flexures, 
which  I  have  never  regarded  as  true  waves  pervading  the  earth's  ciust,  but  as  comparatively  superficial  foldings 
occasioned  by  the  joint  agency  of  pulsation  and  lateral  crumpling.  There  are  a  few  examples  of  unusual  steep- 
ness of  the  S.E.  dips  in  the  Primary  class  of  flexures ;  but  nearly  every  one  of  these  exceptions  applies  to  only  a 
local  portion  of  the  wave,  and  will  be  found  connected  either  vnth  a  fault  in  the  strata,  or  with  an  obUque  inter- 
ference of  the  end  of  an  antichnal  of  another  group.  I  think  there  does  not  exist  within  the  whole  wide  undu- 
lated zone  of  the  State,  or  of  the  Ajjpalachian  chain  generally,  a  wave  or  group  of  waves  of  the  first  order, 
which  is  abnormal  as  respects  the  direction  of  the  flatter  and  steeper  slopes,  except  where  we  can  directly  refer  it 
to  the  influence  of  some  prodigious  crust-dislocation. 

As  instances  of  exception  to  the  general  law,  I  may  cite  the  second  main  axis  of  the  Northern  bituminous 
axis  of  the  coal-fields,  or  that  of  the  Towanda  VaUey.  This  is  decidedly  steeper  in  its  S.E.  dip  than  in  its  N.W. 
At  the  Susquehanna,  the  two  incHuations,  both  gentle,  are  nearly  equal ;  but  the  S.E.  is  greatly  the  steepest 
near  the  sources  of  Lycoming  Creek,  or  in  the  direction  towards  which  the  flexure  is  expiring — a  fact  sufficient 
in  itself  to  demonstrate  that  the  irregularity  is  local,  and  proceeds  from  a  twisting  of  the  wave  against  another 
flexure.  Chestnut  Ridge,  though  nonnal  in  its  profile  on  the  Conemaugh,  and,  indeed,  at  both  extremities  of 
the  long  straight  wave  which  it  forms  in  one  portion  of  its  length,  is  locally  irregular  iu  the  law  of  its  dips,  in 
consequence  of  an  adjoining  fracture  in  the  strata  at  its  E.  base. 

Of  the  lesser  class  of  flexures  of  a  reversed  profile,  we  may  instance  many  in  the  anthracite  coal-fields,  parti- 
cularly in  the  Sliamokin  basin,  and  two  interesting  groups  affecting  the  Scalent  variegated  and  grey  marls  on 
the  Juniata,  of  which  drawings  are  appended  for  illustration. 

One  of  these  last-mentioned  instances  is  to  be  seen  in  the  cuts  of  the  Pennsylvania  Railroad,  a  short  distance 
below  Mifflintown,  where  there  are  three  small  flexures  with  their  steep  and  gentle  sides  reversed,  and  one  ■n-ith 


Fig.  704. — Undulations  in  Scalent  Variegated  Shales  and  Sandstones  on  Pennsylvania  Railroad,  .Juniata  Rirer,  below  Mifiaintown, 


Juniata  County,  looking  S.W. — 1  indi,  =  WO  feet. 


symmetrical  dips.  The  irregularity  here  is  evidently  connected  witli  the  dislocations  indicated  in  the  section. 
The  other  example  referred  to  is  to  be  met  with  in  a  series  of  cuts  on  the  Pennsylvania  Railroad,  a  short  distance 
below  Lewistown,  on  the  Juniata.    Here  there  are  three  flexui-es,  all  with  their  steepest  slopes  dipping  to  the  S.E. 


i'lG.  705. — Undulations  iu  Scalent  Variegated  Shales  on  .hmi.ita  laver,  below  Lewistown,  lookui_:  s.W.  — 1  iiidi   =  50/eet. 


A  few  other  similar  instances  of  irregular  corrugation  of  the  more  pliable  upper  strata  might  be  cited  as  occur- 
ring in  the  Lewistown  synclinal  valley,  but  the  above  examples  will  serve  as  t}-pes  of  the  rest  of  these  local 
rolls.  It  is  worthy  of  note  that  the  great  anticlinal  flexures  bounding  tliis  long  valley  are  all  of  them  not  only 
normal  in  their  profiles  or  style  of  curve,  but  normal  in  the  direction  of  their  steepest  slopes ;  even  the  four  or 
five  parallel  undulations,  of  secondary  magnitude,  which  lift  the  Pre-meridian  limestone  in  long  regular  crests  in 
the  valley,  between  the  Juniata  and  Jack's  Mountain,  observe  the  prevailing  rule.  I  shall,  in  a  subsequent 
chapter,  when  discussing  the  nature  of  the  movements  which  undulated  the  Appalachian  strata,  advert  more 
fully  to  the  causes  which  seem  to  have  produced  these  and  other  anomalies  of  dip. 
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Progressive  Flattening-down  of  the  Flexures. — A  third  feature  of  gradation  shows  itself  in  the  progressive 
sinking  or  flattening  down  of  the  successive  individual  flexures,  imtil  these  finally  pass  into  horizon- 
tality.  These  three  types  of  form  in  the  waves,  as  respects  their  expansion,  their  increase  of  relative 
distance  or  amplitude,  and  their  declining  height,  are  conspicuously  discernible  wherever  we  cross 
the  great  Appalachian  chain  of  the  United  States,  by  any  section  in  a  direction  from  S.E.  to  N.W. 
An  inspection  of  the  engraved  sections  illustrating  our  paper  on  the  physical  structure  of  the  Appa- 
lachians,* or  an  examination  of  the  more  numerous  similar  diagrams  explanatory  of  the  geological 
surveys  of  New  Jersey,  Pennsylvania,  and  Virginia,  will  amply  avouch  for  the  correctness  of  this 
generalisation.  It  is  further  borne  out  in  the  published  reports  of  the  Government  Survey  of  Canada, 
where  the  plicated  structure  of  the  Green  Mountain  range  of  Lower  Canada,  along  all  its  S.E.  border, 
and  the  universality  of  the  S.E.  dip  of  the  folded  strata — in  other  words,  of  the  dip  of  the  axis-planes, 

— is  very  distinctly  set  forth  by  Sir  William  Logan.  S  ''S 

Not  only  does  the  entire  chain  in  its  breadth  exhibit  a  general  gradation  in  the  several  g  fc  I, 

featm-es  here  described,  but  each  of  its  great  component  groups  of  flexures  presents  the  same  pro-  ^ 

gressive  opening,  recession,  and  flattening  down  of  its  waves  in  the  same  uniform  N.W.  direction.  o 

Similar  phenomena  of  gradation  will,  we  feel  assured,  disclose  themselves  in  any  section  made  g 

from  the  Taurus  range  N.W.  through  the  Ehenish  Provinces  and  Belgium,  where,  on  the  one  side  £;  (- 1 
of  the  zone,  the  more  ancient  and  much  metamorphosed  strata  at  the  base  of  the  Palfeozoic  system, 

according  to  the  observations  of  Murchison  and  Sedgwick,  present  much  reversal  of  the  dip^;  one  and  g= 

the  same  dip — namely  to  the  S.S.E. — being  continued  with  very  few  exceptions  across  a  belt  of  50  g- 

miles,  while  on  the  opposite  or  N.  side,  the  flexures  of  the  Belgian  coal-fields,  so  well  shown  in  the  ^ 

beautiful  sections  of  M.  Dumont,  are  of  the  normal  type,  and  much  more  open  and  dilated.  2 

Nowhere  perhaps  in  Europe  are  these  gradations  in  the  undulations  of  strata  more  beautifully  ° 
exposed  than  on  the  flanks  of  the  Alps.  Deep  in,  towards  its  higher  central  igneous  chains,  the  !§ 
phcation  of  its  stratified  rocks  is  excessive,  and  the  inclination  of  the  axis-planes  remarkably  low ;  I" 
but  advancing  outwards,  the  waves  gradually  lift  their  crests,  tlirow  forward  their  inverted  sides,  B! 
and  assume  that  tj\)Q  of  flexure  which  we  have  called  the  normal  one  ;  while  again,  at  the  outward  ^  ^ 
base  of  the  mountains,  just  before  these  undulations  are  concealed  by  the  overlaj^ping  Tertiaries  of  g"  '°  li- 
the plains  of  Switzerland  and  of  Northern  Italy  respectively,  the  curves  become,  in  many  instances,  ^ 
broad,  depressed,  and  almost  symmetrical  in  form.  § 

From  the  descriptions  here  given  of  the  structure  of  the  Appalachian  chain  and  other  disturbed  ^ 

districts,  it  is  obviously  a  general  law  that  the  axis-planes  of  the  flexures  are  not  only  inclined  all  '-^ 

in  one  prevaihng  direction,  though  at  diff"erent  angles,  but  that  they  dip  invariably  towards  the  U 

quarter  or  zone  of  maximum  disturbance  and  rupture  of  the  crust.  .m  "f  :ti 

FRACTURES  OR  FAULTS  IN  TRACTS  OF  UNDULATED  STRATA.  5 

Two  classes  of  dislocations  abound  in  all  zones  of  plicated  and  undulated  strata,  where  the  Z- 
crust-waves  exhibit  much  steepness,  and  especially  where  they  have  the  inverted  or  folded  form.  » 
By  far  the  most  numerous,  though  the  shortest  and  least  conspicuous  class,  are  the  breaks  or  faults  g 
which  run  approximately  transverse  to  the  strike  of  the  anticlinal  and  synclinal  axes.    These  may  |-' 
be  extensively  recognised  in  the  Appalachians,  where  they  are  a  primary  cause  of  the  deep  ravines  g 
or  breaches  through  the  ridges,  which  furnish  passage  to  nearly  all  the  rivers,  and  even  lesser  streams,  |- 
which  drain  this  chain.    Such  ravines  are  especially  frequent  near  the  extremities  of  the  large  anti-  S- 
cUnal  waves,  particularly  where  they  have  been  cut  through  along  then-  crests  by  denuding  waters,  ^ 
and  have  given  rise  to  valleys  of  elevation  and  erosion,  enclosed  by  monoclinal  outward-dipping  g 
sandstone  ridges.    It  would  seem  as  if  the  elliptical  folding  round  of  the  strata  towards  the  ends  of  ^ 
the  great  denuded  waves  had  caused  the  horizontal  wrenching  which  resulted  in  these  fractures.    Mr  g 
William  Hoj^kins  of  Cambridge,  in  an  able  paper  on  the  subject  of  dislocations   affecting  dome-  f 
shaped  elevations  of  the  earth's  crust,  has  indicated  the  true  source,  I  conceive,  of  the  double 
system  of  fractures  to  be  met  with  in  all  elliptical  anticlinal  belts.    An  elongated  anticlinal  wave  is, 
in  truth,  only  a  greatly-lengthened  elliptical  dome,  in  which  the  radial  cracks  caused  by  a  maximum 
tension  in  the  strata  transmitted  from  the  more  central  portion  of  the  crust-wave,  are  distributed, 
some  of  them  longitudinally,  others  transversely,  as  respects  the  anticlinal  axis,  the  transverse  ones 
multiplying  themselves  where  the  elliptical  strain  has  been  greatest,  towards  the  two  extremities  of 
the  waves. 

Those  parts  of  the  Appalachian  chain  which  most  abound  in  the  larger  and  more  deeply-denuded 
class  of  anticHnal  and  synclinal  waves  in  the  strata,  embrace  many  beautifiil  examples  of  the  deep 
notches  or  gaps  in  the  mountain-ridges,  above  alluded  to  as  indicative  of  transverse  breaks  or  disloca- 
tions in  the  rocks.    They  occur  both  in  the  sandstone  barriers  which  surround  the  anthracite  coal-basins,  and 
in  those  which  encompass  the  limestone  valleys  of  the  chain  S.W.  of  the  Susquehanna.    It  will  suffice  in  this 
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place  to  mention,  as  among  the  more  interesting  of  the  first-named  series,  the  Mountain-gaps  through  which  the 
upper  branches  of  the  Schuylkill  and  the  Swatara  rivers  pass  out  of  the  Southern  or  Pottsville  coal-basin,  those 
by  which  the  tributaries  of  the  Mahanoy  and  the  Shamokiu  leave  the  middle  or  Mahanoy  and  Shamokin  coal- 
field, and  those  by  which  the  N.  branch  of  the 
Susquehanna  enters  and  quits  the  Wyoming  basin. 
Under  the  second  head,  it  will  be  enough  to  call 
attention  to  the  Kisliicoquillas  and  Gosling  Run 
gaps  of  Kisliicoquillas  Valley,  and  the  sundry  other 
deep  mountain-notches  which  outlet  the  waters  of 
the  raised  anticlinal  limestone  valleys  and  coves  of 
this  portion  of  the  chain  into  the  exterior  valleys 
which  hold  the  larger  streams. 

By  far  the  larger  number  of  these  transverse 
ravines  in  the  great  ridges  betray  no  perceptible 
horizontal  displacement  or  heave  of  the  rocks, 
though  it  is  probable  that  a  trivial  amount  of  such 
actual  dislocation  does  exist  at  nearly  every  one  of 
them.  In  some  of  them,  however,  the  break  is  very 
discernible,  and  ui  a  few  instances  it  becomes  a 
conspicuous  feature  in  the  scenery.  Thus  the  pass 
of  the  Delaware  through  the  Kittatinny  Mountain, 
called  the  Water-gap,  shows  a  striking  inequality 
in  the  inclination  of  the  strata  of  the  opposite  sides 
of  the  gorge, — those  of  the  New  Jersey  shore  dip- 
ping at  an  angle  of  not  less  than  40°,  while  those 
As  a  consequence  of  this  derangement  between  the  opposite 


Fia.  707.— Delaware  Water-Gap 


of  the  Pennsylvania  side  decline  as  gently  as  25°. 

sides  of  the  cross  fracture,  the  summit  of  the  mountain,  or  rather  the  same  outcropping  hard  ribs  of  rock,  appear 
thrown  several  hunch'ed  feet  farther  North  on  the  New  Jersey  side  than  on  the  Pennsylvania. — (See  View  of 
Delaware  Water-gap,  fig.  707).    There  is  a  similar  dislocation  in  the  same  mountain  at  the  Susquehanna. 

One  of  the  most  obvious  of  these  transverse  dislocations  crosses  Sharp  Mountain,  and  the  Coal-measm-es  at 
Lorberry  Creek,  N.W.  of  Pine  Grove,  E.  of  the  gap  by  which  that  stream  passes  through  Shai-p  Mountain  :  the 
strata  in  this  S.  barrier  of  the  coal-field  range  about  S.  72°  W.,  and  dip  in  an  overtilted  attitude,  at  an  inclinarion 
of  rather  less  than  70°  S. ;  while  on  the  W.  side  of  the  gap,  the  course  of  the  rocks  is  S.  57^  W.,  their  posture 
being  nearly  vertical, — the  whole  mountain,  and  the  Coal-measm-es  N.  of  it,  being  at  the  same  time  moved  or 
heaved  towards  the  S.  as  much  as  30  yards. 

It  is  probable  that  a  fracture  of  the  same  kind  passes  through  the  gap  of  the  W.  branch  of  the  Schuylkill, 
2  miles  W.  of  Pottsvillo  ;  for  the  Coal-measures  which  E.  fi-om  this  neighbourhood  are  traceable  with  a  moderate 
degree  of  regularity  for  several  miles,  appear  no  longer  in  theu-  ordinary  range  when  they  are  sought  for  on  that 
stream. 

Not  unfrequently  the  cross  dislocations  are  obliquely  transverse,  and  not  perpendicular  to  the  strike  of  the 
strata  ;  and  in  such  cases,  where  the  horizontal  heave  is  considerable,  we  behold  the  two  broken  ends  of  the  same 
hard  belt  of  rock  thi'ust  past  each  other,  as  in  the  fracture  of  a  man's  thigh-bone.  An  example  of  this  class  of 
faults  occurs  on  a  grand  and  striking  scale  in  Canoe  Mountain,  near  the  Juniata,  at  the  point  where  the  main 
road  crosses  the  mountain.  The  ridge,  composed  of  the  Levant  sandstones,  here  in  full  development,  has  been 
fractured  in  an  oblique  N.E.  and  S.W.  direction ;  the  Noi-theni  part  has  been  shoved  forward  towards  the  N.W., 
and  the  S.  forced  past  it  N.E.,  so  that  they  lap  past  each  other.  The  ridge  being  double-crested,  by  virtue  of 
the  superior  hardness  of  the  lower  and  upper  Levant  sandstones  compared  with  the  middle,  a  directly  transverse 
section  crosses  the  mountain  twice,  crossing  four  summits  instead  of  two. 

The  reader  will  find  a  cut  displaying  this  dislocation  in  the  chapter  describing  Canoe  and  Lock  mountains. 

There  is  a  somewhat  similar  oblique  lapping  of  a  momitain-ridge  of  the  Levant  sandstones,  from  a  similar 
cause,  in  the  N.W.  barrier  of  the  KishicoquiUas  Valley,  opposite  Belleville. 

Tlie  anthracite  coal-fields  are  full  of  such  oblique  fractures,  caiisiug  the  broken  ends  of  the  coal-beds  to 
overlap  each  other. 

The  other  far  more  conspicuous  class  of  dislocations  connected  with  these  crust-undulations  are  the  great 
longitudinal  ones.  These  are  of  frequent  occurrence  in  the  more  contorted  portions  of  the  Appalachian  zone, 
especially  in  those  where  the  chain  is  convex  to  the  S.E.,  and  in  the  straight  sections  of  South-western  Vii-ginia 
and  Eastern  Tennessee.  But  I  am  persuaded,  from  the  descriptions  of  geologists  and  from  my  ovai  obsei-vations, 
that  the  fractures  of  this  class  are  equally  numerous  in  the  Jura  Momitains,  in  the  Alps,  in  the  district  of  the 
Ardennes,  in  Belgium,  and  in  the  mountain-chains  of  Scotland.  A  leading  feature  of  these  great  fractures  is  their 
parallelism  to  the  main  anticlinal  axes,  or  lines  of  folding  of  the  chains  to  which  they  belong.  They  are,  in  fact, 
only  flexures  of  the  more  compressed  type,  which  have  snapped  and  given  way  in  the  act  of  curving,  or  during 
the  pulsation  of  the  crust.    They  coincide,  in  the  great  majority  of  instances,  neither  with  the  antichual  nor  the 
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synclinal  axis-planes  of  the  waves  or  folds,  but  with  the  steep  or  inverted  sides  of  the  flexures,  and  almost  never 
occur  on  their  gentler  slopes.  This  curious  and  instructive  fact  may  be  well  seen  in  the  Appalachians  of  Penn- 
sylvania and  Virginia,  by  tracing  longitudinally  any  one  of  their  great  faults  from  its  origin  on  the  steep  flank  of 
an  anticlinal  wave  along  the  base  of  its  broken  crest  to  where  the  anticlinal  form  is  again  resumed.  The  following 
brief  description,  from  our  "  Memoir  on  the  Physical  Structure  of  the  Appalachians,"  taken  from  the  Transactions  of 
the  American  Association,  will  show  the  general  phases  through  which  these  fractures  pass  : — 

"  From  a  rapidly  steepening  N.W.  dip,  the  N.W.  branch  of  the  arch  (or  flank  of  the  wave)  passes  through 
the  vertical  position  to  an  inverted  or  S.E.  dip,  and  at  this  stage  of  the  folding  tlie  fault  generally  commences. 

"  It  begins  with  the  disappearance  of  one  of  the  groups  of  softer  strata  lying  immediately  to  the  N.W.  of 
the  more  massive  beds,  which  form  the  irregular  summit  of  the  anticlinal  belt  or  ridge.  The  dislocation  increases 
as  we  follow  it  longitudinally,  group  after  group  of  these  overlying  rocks  disappearing  from  the  surface,  until,  in 
many  of  the  more  prolonged  faults,  the  lower  limestone  formation  (Cambrian  or  Lower  Silurian)  is  brought  for  a 
great  distance,  with  a  jnoderate  S.E.  dip,  directly  upon  the  Carboniferous  formations.  In  these  stupendous  frac- 
tures, of  wliich  several  instances  occur  in  South-western  Virginia,  the  thickness  of  the  strata  engulfed  cannot  be 
less,  in  some  cases,  than  7000  or  8000  feet." 

One  of  these  enormous  faults  in  South-western  Virginia  has  a  length  of  more  than  80  miles,  and  is  almost 
perfectly  straight.  It  follows  the  S.E.  slope  of  Brushy  Mountain,  from  the  head  of  Catawba  Creek  to  the  vicinity 
of  the  court-house  of  Smyth  County,  engulfing  all  the  strata  of  the  S.E.  half  of  a  synclinal  basin,  of  which 
Brushy  Mountain  remains  as  the  other  half.  Where  the  dislocation  attains  its  maximum  intensity,  or  shows  the 
greatest  disjjlacement  of  the  strata,  the  lower  formation — the  Auroral  Appalachian  limestone,  the  equivalent  of 
the  Festiniog  groujj  of  England — of  one  side  of  the  fissure  rests  in  an  inverted  attitude,  with  a  gentle  S.E.  dip, 
directly  on  the  South-east-dipping  Vespertine  grits  and  shales — represented  in  Great  Britain  by  the  lowest  Carbo- 
niferous strata — forming  the  other  wall  of  the  fault. 

General  Parallelism  of  the  Faults  to  the  Axis-Planes. — It  is  a  very  general  feature  of  the  great  longitudinal 
faults,  whether  these  coincide  with  the  anticlinal  and  synclinal  axis-planes,  or  occur,  as  they  more  frequently  do, 
on  the  steep  sides  of  the  flexures,  to  dip  in  the  same  dhection  with  the  axis-planes.  In  the  Appalachian  chain 
their  inclination,  therefore,  is  almost  invariably  towards  the  S.E.  A  consideration  of  the  nature  of  the  forces 
which  have  folded  and  ruptured  the  strata,  shows  that  such  a  direction  of  their  dip  is  an  almost  inevitable  conse- 
quence of  the  undulatory  movement.  It  is  only  in  districts  of  low  symmetrical  cinst-undrdations,  or  those  where 
the  strata  are  absolutely  flat,  that  the  great  fractures  descend  perpendicularly. 

In  corrugated  zones,  like  those  of  the  Appalachians,  the  Alps,  and  the  Ardennes,  the  magnitude  of  these 
main  longitudinal  fractures,  both  as  respects  length  and  vertical  displacement  of  the  dislocated  strata,  is  in  pro- 
portion to  tlie  sharp  bending  or  close  folding  of  the  waves  to  wdiich  they  belong.  Thus  they  invariably  possess 
their  grandest  dimensions  in  the  S.E.  or  most  plicated  belt  of  the  Appalachians,  or  on  that  side  of  the  zone  where 
the  crust-movements  have  been  most  energetic. 

This  obliquity  or  dip  towards  the  quarter  whence  the  movement  has  proceeded,  is  evidently  the  cause  of 
that  overlapping  of  the  newer,  less-lifted  side  of  the  wave  in  which  the  fault  lies,  upon  the  steeper,  more  perpen- 
dicular, or  inverted  flank  ;  for  the  forward  or  horizontal  tlu-ust  which  accompanied  the  propagated  wave-movenicnt 
resulting  in  the  fracture,  has,  when  this  once  occurred,  found  an  incHned  plane,  up  which  the  uninverted  slope  of 
the  wave  slid  over  the  edges  of  the  strata  composing  the  inverted  side.  In  many  instances,  as  the  Appalachian 
sections  will  prove,  one  flank  of  the  wave  has  been  shoved  forward  and  upward,  unconformably,  upon  the  crashed 
and  buried  flank  to  an  enormous  distance.  Subsequent  erosion  having  cut  down  the  higher  strata  of  the  up-driven, 
gently-sloiaing  side  of  the  wave,  its  lower  beds  are  exposed  to  view,  in  immediate  contact  with  the  unremoved 
upper  strata  of  the  other  side.  Where  the  lower  foimations,  cut  into  by  the  water  on  both  sides  of  the  fault,  have 
been  equally  easy  of  excavation,  especially  where  they  are  all  of  the  same  composition,  as  in  the  case  of  the  great 
lower  Appalachian  limestones,  the  denuding  waters  have  so  effectually  planed  down  the  great  inequalities  of 
surface  at  first  caused  by  tlie  dislocation,  as  sometimes  to  have  left  in  the  landscape  almost  no  external  traces  what- 
ever of  the  gigantic  rupture  which  hes  beneath  the  soil.  It  is,  then,  only  by  a  recognition  of  the  ages  of  the 
respective  strata,  thus  abruptly  placed  in  contact,  and  usually,  though  not  always,  by  some  sudden  difierence  of 
dip,  that  we  are  enabled  to  detect  the  presence  and  the  magnitude  of  the  dislocation. 

Dislocation  at  an  Anticlinal  Axis-Plane — uninverted  Side  of  Wave  shoved  over  the  Inverted  (see  Fig.  708). —  It 
seems  also  necessary,  on  this  occasion,  to  explain  the  effects  of  those  great  longitudinal  obliquely-dijjping  faults, 
when  they  occur  directly  in  the  anticlinal  and  synchnal  axis-planes,  which  are  their  occasional  positions.  The  same 
forward  upward-shding,  just  described  as  having  occuiTcd  where  the  fracture  is  between  the  anticlinal  and  sy  n- 
clinal curves,  must  have  taken  place  where  it  has  coincided  with  these;  and  as  the  movement  must  necessarily  have 
been  in  the  same  direction — lifting,  that  is  to  say,  the  lower  strata  cut  by  the  fault  upon  the  edges  of  higher  and 
higher  beds,  in  the  forward  propulsion  of  the  flat  side  of  the  broken  wave — we  have  no  difficulty  in  imderstanding 
how  fractures  in  these  positions,  as  well  as  in  the  other  already  spoken  of,  must  have  given  rise  to  that  very  common 
phenomenon  of  the  dipping  of  newer  formations  tuider  older  ones  in  plicated  and  dislocated  countries  like  the 
Alps  and  the  Appalachians.  This  puzzling  feature  of  stratification,  long  an  enigma  to  geologists,  can,  I  conceive, 
be  explained  upon  no  other  analysis  than  that  which  is  here  given — namely,  the  oblique  folding  of  undulated 
strata,  the  obliquity  of  the  planes  of  the  faults,  either  coincident  with,  or  parallel  to,  obliquely-dipping  axis- 
VOL.  II.  5  Z 


898 


FLEXURES  OF  STRATA. 


planes ;  and  the  forward  upward  thrust  of  the  uninverted  upon  the  inverted  broken  strata,  through  a  tremendous 
tangential  force  incident  to  a  wave-motion. 

Dislocation  at  a  Synclinal  Axis-Plane. — Where  the  dislocation  has  taken  place,  as  it  veiy  frequently  has,  in 
tlie  plane  of  a  synclinal  fold,  it  has  generally  been  accompanied  by  a  similar  forward  and  upward  thrust  of  the  strata 
above  the  fault,  but  these  strata  belong  in  such  instances  to  the  inverted  side  of  the  adjacent  anticlinal  wave.  This 
kind  of  fracture  and  displacement  presents,  therefore,  an  inverted  set  of  strata,  resting  over  an  uninverted  or  right 
set,  a  relation  the  converse  of  that  which  characterises  a  dislocation  at  an  anticlinal  axis;  but  the  relation  of  the 
strata  brought  thiis  imconformably  into  contact  as  respects  their  stratigraphical  position  is  the  same  as  in  the 
cases  of  fracture  through  the  axis-planes  of  anticlinals  ;  for  the  movement  being  an  upthrow  of  the  overlying  mass 
in  the  plane  of  the  fault,  its  effect,  conjoined  with  denudation,  has  been  to  display  lower  rocks  leaning  invertedly 
upon  upper. 

The  accompanying  diagrams  are  designed  to  illustrate  the  several  conditions  of  contact  of  strata  displayed 


Fig.  710.  —  Upward  displace- 
ment of  whole  anticlinal 
flexure  ;  fault  in  the  invert- 
ed side. 


Fig.  711.  — Downward  dis- 
placement of  uninverted 
side  of  fractured  anticlinal. 


Fig.  712.  —  Downward  dis- 
placement of  inverted  side 
of  fractured  sjTiclinal. 


Fig.  713. — Downward  displace- 
ment of  whole  anticlinal  flex- 
ure ;  fault  in  the  inverted 
side. 


by  faults  coincident  severally  with  anticlinal  and  synclinal  axis-planes,  and  by  faults  parallel  with  these,  but 
situated  in  the  overturned  and  crushed  sides  of  steep  folded  flexures. 

Instances  of  great  Longitudinal  Dislocations. — Numerous  instances  of  longitudinal  foiilts,  nearly  all  of  them 
dipping  obliquely,  and  for  the  most  part  South-eastward,  are  to  be  met  with  in  the  Pottsville  coal-field  and  other 
disturbed  plicated  belts  in  Pennsylvania.  The  principal  features  of  the  lesser  ones — which  are  chiefl}^  interesting 
where  they  affect  the  Coal-measures — have  been  already  described  in  that  portion  of  this  work  which  is  devoted 
to  the  Anthracite  region.  It  will  suffice  here  to  exemplify  our  general  statement  of  their  nature,  by  pointing  to 
one  or  two  of  the  larger  dislocations  of  this  type  to  be  met  with  in  other  parts  of  the  State. 

An  interesting  longitudinal  dislocation  ranges  along  the  W.  margin  of  M'^Connellstown  Cove.  From  its 
N.  end  Southwards,  it  buries  successively  Cadent,  Meridian,  Pre-meridian,  Scalent,  Levant,  and  Matuial  rocks 
under  the  Auroral  limestones  of  the  Cove,  and  Southward  it  allows  them  to  rise  out  again  in  a  reversed  order. 
Near  the  middle  of  its  length,  inverted  South-east-dipping  Auroral  limestone  leans  at  a  steep  angle  on  the  more 
gently  South-east-dipping  higher  Cadent  and  even  Vergent  rocks.  This  great  fissure  evidently  dips  steeply 
towards  the  E.S.E.,  and  has  its  place  about  half-way  between  the  anticlinal  axis  of  M'^Connellstown  Cove  and  the 
synclinal  of  the  mountain-trough  of  Scrub  Eidge ;  it  therefore  belongs  to  the  N.W.  flank  of  a  great  wave,  and 
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not  to  either  axis.  There  is  an  interesting  smaller  fault  in  Path  Valley,  W.  of  Fanettsburg,  the  features  of  which 
have  been  shown  in  the  chapter  giving  the  geology  of  that  district.  It  is  to  Virginia  and  Eastern  Tennessee, 
however,  that  we  must  look  for  the  gi'andest  and  most  instructive  examples  of  the  class  of  great  longitudinal 
faults. 

Those  not  unfrequent  instances  of  a  Y-shaped  branching  of  a  dislocated  bed  of  coal,  known  to  miners  in  the 
Pottsville  and  other  distm-bed  coal-fields,  are  for  the  most  part  cases  of  fracture  at  the  synclinal  turn  of  the  coal- 
bed,  with  an  upthrow  or  shoving  upward  and  forward  of  the  steeper  near  side  of  the  trough,  unconformably  upon 
the  far  side  (see  Fig.  709).  We  have  a  good  instance  of  this  in  the  narrow  broken  basin  of  the  so-called  Peach 
Mountain  Coal-seam,  on  Silver  Creek,  and  some  of  the  streams  which  cross  it  farther  E.  The  Y  is  formed  by  the 
steeply  North-dipping  S.  side  of  the  trough  overriding  the  gentler-dipping  N.  side,  and  it  leans  as  the  letter  does, 
if  we  assume  ourselves  looking  Westward.  Here  the  plane  of  the  fault  has  been  almost  coincident  with  the  top 
slate  of  the  South-dipping  bed. 

An  opposite  case  sometimes  occurs  of  a  Y-shaped  branching  of  a  faulted  coal-bed,  where  the  stem  of  the  Y 
ascends,  and  the  fork  is  downward,  like  the  letter  Y  inverted  ;  thus,  This  is  simply  an  example  of  a  dislocation 
at  or  near  a  sharp  anticlinal  flexure,  the  broken-off  leg  of  the  wave  having  been  moved  after  the  fracture  vpivard 
and  forward  imcorformahly  over  the  inclined  edge  of  the  other  portion  (see  Fig.  708).  Like  the  previously- 
mentioned  Y-shaped  fault,  this  A-shaped  dislocation  has  the  plane  of  the  sliding  nearly  coincident  with  the  coal 
forming  the  longer  branch ;  but  it  is  the  longer  leg,  and  not  the  shorter,  which  has  in  this  case  shoved  itself  over 
the  other,  and  the  fault  is  under,  and  not  over  it. 

exejviplification  of  the  laws  of  flexure  by  the  phenomena  op  some  of  the 

undulated  zones  of  europe. 

Analogous  Phenomena  of  Axes  in  Great  Britain  and  Ireland. — A  perception  of  the  important  and  novel  bearings 
of  the  curious  laws  of  structure  here  described  upon  many  points  in  geological  dynamics  has  led  us  (Professor 
W.  B.  Rogers  and  the  Author)  to  examine  with  deep  interest  the  valuable  and  accurate  labours  of  Fitton, 
Martin,  De  la  Beche,  Dumont,  Murchison,  Sedgwick,  Weaver,  Hopkins,  and  other  eminent  European  geologists, 
in  the  expectation  of  finding  in  the  phenomena  they  describe  evidences  of  analogous  laws. 

While  studying  with  this  view  such  memoirs,  sections,  and  maps  as  were  within  our  reach,  we  have  enjoyed 
no  small  gratification  in  discovering  what  we  consider  numerous  striking  proofs  of  the  prevalence  of  similar 
structural  features  in  some  of  the  most  interesting  geological  regions  in  Great  Britain  and  on  the  Continent. 

Among  these  we  would  first  mention  the  peculiarly  interesting  districts  of  Wales,  to  which  the  admirable 
researches  of  Sedgwick  and  Murchison  have  imparted  so  high  a  geological  importance. 

In  the  beautiful  and  elaborate  works  of  the  latter  geologist,  the  publication  of  which  forms  one  of  the  great 
eras  in  geological  science,  we  think  we  discern  very  distinct  proofs  that  the  Cambrian  and  Silurian  axes  of  Wales 
possess  similar  structural  features  with  those  of  our  Appalachian  chain.  While  the  older  strata  of  the  Berwyn 
Moimtains,  as  described  by  Sir  Roderick  Murchison  in  his  Silurian  Si/stem,  would  seem,  by  their  altered  character 
and  frequently  inverted  dips,  to  mark  a  close  proximity  to  one  of  the  great  lines  of  disturbance  of  the  district, — 
that  Ipng  towards  the  N.W.,  from  which  a  combined  uplifting  and  tangential  force  has  been  propagated ;  the 
contour  of  the  undulations  lying  more  towards  the  S.E.,  when  unaffected  by  faults  or  local  disrupting  action, 
exliibits  a  general  conformity  to  our  law  of  a  steepening  flexure  on  the  side  towards  which  the  movement  has 
proceeded.  As  illustrations  of  this  law,  we  would  beg  to  refer  the  reader  to  a  few  of  the  sections  appended  to 
Murchison's  work  on  the  Silurian  System  : — 

1st,  Plate  XXXL  fig.  5.  —  Section  across  the  Ludlow  and  Brecon  Anticlinal,  exposing  the  Valley  of 

Elevation  of  Wigmore  Lake. 
2d,  Plate  XXXIV.  fig.  3. — Tliis  exhibits  to  the  N.W.  the  lower  Silurian  on  end  for  some  distance  from 

its  contact  with  the  Cambrian,  after  which  it  passes  by  a  bold  sigmoid  flexure,  in  which  the  S.E. 

dips  are  very  steep,  beneath  the  upper  Silurian. 
3d,    Plate  XXXIV.  fig.  9. — Displays  an  inverted  and  folded  flexure,  succeeded  by  steep  S.E.  dips  in  the 

flagstones  of  the  Cambrian,  following  which  are  two  normal  arches  in  the  lower  Silurian. 

To  these  sections  may  be  added  the  vignette,  page  359,  presenting  an  axis  in  the  Cambrian  rocks  of  Caermar- 
thenshire. 

In  the  E.  portion  of  this  district,  bordering  the  Malvern  Hills,  according  to  the  same  law,  the  flexures  would 
appear  to  be  related  to  the  great  line  of  elevating  action,  extending  in  a  N.  and  S.  dii'cction  through  that  region. 
The  steeper  sides  of  the  arches  are  now  towards  the  W.,  and  the  lower  rocks  are  often  overturned,  so  as  to  dip 
towards  the  E.,  thus  exhibiting  a  direction  of  flexure  nearly  opposite  to  that  of  the  strata  near  the  Berwjm  chain. 
As  examples  of  these  phenomena,  we  would  refer  to  Plate  XXXVI.  fig.  8,  presenting  a  transverse  section  of  the 
Malvern  and  Sedbury  hills,  and  Figs.  9,  9  b,  and  10  of  the  same  Plate,  exhibiting  the  sti-ucture  of  the  Woolhope  axis. 

The  same  general  structural  features  will,  we  confidently  believe,  be  found  to  prevail  in  the  perplexing  strati- 
fication of  those  parts  of  Devonshire  and  Cornwall,  which  elicited  some  years  ago  so  much  earnest  theoretical 
discussion  among  British  geologists.  An  inspection  of  the  sections  accompanying  Sir  H.  De  la  Beche's  elaborate 
report — those,  for  example,  from  Combemartin  to  Bolthill,  and  from  Linton  to  Bideford — and  a  careful  examination 
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of  the  descriptions  of  this  region  given  by  him  in  that  work,  and  by  Sedgwick  and  Murchison  in  their  very  able 
memoir  "  On  the  Physical  Stmcture  and  Older  Deposits  of  Devonshire,"  induces  us  to  venture  tlie  prediction,  that 
throughout  the  region  to  which  they  refer,  the  phenomena  of  folded  axes  will  be  foimd  of  very  extensive  occiir- 
rence,  and  that  tliis  folding  and  inversion,  together  with  the  general  law  of  steepening  flexure  in  a  particular 
direction,  will  explain  the  frequent  repetitions  of  certain  groups  of  strata,  and  assist  in  removing  much  of  the 
obscurity  which  still  hangs  round  the  intricate  geology  of  some  parts  of  that  district. 

Similar  indications  are,  we  think,  presented  in  the  structure  of  the  S.  and  S.E.  parts  of  Ireland,  as  described  by 
Weaver,  Griflith,  Hamilton,  Austin,  and  others.  Among  these  may  be  instanced  the  great  predominance  of  S.  dips, 
those  to  the  N.  being  oidy  occasional  and  of  short  continuance  ;  a  result,  in  our  view,  naturally  arising  from  a 
succession  of  folded  and  steeply  normal  flexures  due  to  a  pulsatory  movement  propagated  from  the  S.  The 
evidences  of  such  foldings  and  inversions  are,  we  think,  quite  observable  in  the  account  given  by  Mr  Weaver  of 
the  parallel  bands  and  patches  in  echelon  of  the  older  limestones,  while  the  steepened  dip  and  extensive  fold- 
ing and  inversion  among  the  higher  rocks,  resulting  from  the  same  forces,  are  strongly  implied  in  the  section 
given  by  the  same  author  through  the  Dromagh  coal-field,*  Similar  phenomena  would  seem  to  be  refen-ed  to 
also  by  Mr  Austin,  when,  in  speaking  of  the  neighbourhood  of  Waterford,  he  ascribes  the  numerous  contortions  of 
schistose  rocks,  considered  by  him  as  being  of  the  age  of  the  Silurian,  to  excessive  lateral  pressure,  j  From  the 
obseivations  of  Dr  Fitton  on  the  structure  of  the  Wealden  and  associated  formations,  as  detailed  in  liis  admirable 
memoir  on  the  strata  below  the  Chalk,  and  likewise  from  the  more  recent  investigations  in  the  same  region  by 
Mr  Hopkins,  of  which  a  summary  is  to  be  seen  in  the  Proceedings  of  the  Geological  Society  of  London  for  1841, 
it  would  appear  that  in  the  districts  of  the  Wealden  and  Bas  Boulonnais,  the  numerous  axes  observe  a  curved 
form,  and  are  nevertheless  ^araWe^  to  one  another.  ]Mr  Hopkins,  after  describing  several  of  these  flexures,  states 
that  "  all  these  lines  observe  a  remarkable  parallelism  with  each  other,  and  with  the  curved  central  axis  of  the 
district."  It  would  further  appear,  from  the  observations  of  these  distinguished  geologists,  unless  we  have  given 
an  erroneous  intei^pretation  to  their  sections  and  descriptions,  that  a  great  number,  if  not  all  of  these  axes,  present 
a  much  steeper  dip  on  one  side  than  on  the  other,  and  that  this  stronger  inclination  generally  occm's  on  the  same 
side — viz.,  the  Northern  one.  Speaking  of  the  line  from  Famham  to  Seven  Oaks,  Mr  Hopkins  uses  these  words, 
"  It  is  a  line  of  flexure,|:  with  a  great  dip  to  the  N.,  but  without  the  corresponding  dip  to  the  S.  necessary  to  form 
an  anticlinal  arrangement,  except  in  one  or  two  localities.  Towards  the  W.  it  runs  immediately  at  the  foot  of  the 
Hogsback,  with  a  dip  which,  near  its  W.  extremity,  amounts  to  70°  or  80°.  Tracing  it  towards  the  E.,"  he  adds 
that  "  at  some  points  the  line  assumes  a  distinct  anticlinal  character." 

Dr  Fitton,  in  describing  the  interior  of  Kent  (pp.  134  and  135),  gives  several  drawings  of  sections  of  this  or 
an  adjoining  axis,  in  all  of  wliich  the  predominance  of  tlie  dip  on  the  N.  side  is  distinctly  marked.  Alluding  to 
one  of  these  sections,  he  says, — "  Both  sides  of  the  saddle  are  visible  within  a  few  paces  ;  the  beds  on  the  N. 
rising  at  an  angle  of  about  60°,"  while  on  the  S.  they  decline  at  an  angle  of  45°.  As  illustrating  the  same  law, 
we  would  more  particularly  refer  to  the  following  coloured  sections  appended  to  Dr  Fitton's  Memoir  : — 

1.  The  section  across  the  Weald,  from  the  South  Downs,  Western  Sussex,  to  the  Surrey  hills.  In  this  the 
dip  on  the  N.  side  of  the  great  axis  is  represented  as  slightly  greater  than  on  the  S.  side. 

2.  The  tw^o  combined  sections  along  the  S.E.  and  S.W.  coasts  of  the  Isle  of  Wight.  The  axis  traversing 
this  island,  and  continued  to  Purbeck,  is  represented  on  the  map  accompanpug  the  Memoir  of  Dr  F.  as  parallel 
with  that  of  the  Weald.  The  sections  refeired  to  cross  this  axis,  and  exhibit  a  much  greater  steepness  of  dip  on 
the  N.  than  on  the  S.  side. 

3.  The  three  sections  across  the  Vale  of  Wardour  transverse  to  the  axis  of  that  region.  In  all  of  these  tlie 
preponderance  of  dip  on  the  N.  side  is  very  great. 

This  series  of  curved  or  undulating  axes,  which  are  in  the  main  parallel  to  each  othei',  would  thus  appear  to 
manifest  laws  of  structure  strictly  analogous  to  those  of  our  Appalachian  region  ;  and  they  serve  still  further  to 
confirm  us  in  our  belief  of  the  prevalence  of  similar  features  among  the  flexiu-es  in  all  regions  of  extensive  disturb- 
ance, as  well  as  to  increase  our  reliance  on  the  justness  of  the  theoretical  views  by  wliich  we  have  attempted  to 
explain  them. 

In  conclusion,  we  would  express  our  belief,  founded  on  the  phenomena  referred  to  in  this  chapter,  and  on 
numerous  similar  geological  facts,  of  recent  as  well  as  ancient  date,  which  cannot  be  mentioned  in  this  place,  that 
all  great  paroxysmal  actions,  from  the  earliest  epochs  to  the  present  time,  have  been  accompanied  by  a  u-ave-like 
motion  of  the  earth's  crust. 

Belgium  and  the  Rhenish  Provinces.' — Embracing  in  one  view  the  imdulated  districts  of  Southern  Belgium,  the 
Ehenish  Provinces,  the  Westphalian  coal-field,  the  Ai-dennes,  the  Hundsnick,  Taunus,  and  Hartz  ranges,  as 
described  and  mapped  by  M.  Dumont  and  other  geologists,  we  can  discern  most  distinctly  all  the  phenomena  of 
flexure  and  of  dislocation  of  the  strata,  here  indicated  as  characteristic  of  the  structiire  of  the  Appalachians.  We 

*  See  "  Memoir  on  the  Geological  Relations  of  the  South  of  Ireland,"  by  Thomas  Weaver,  Esq.,  Trans.  Geol.  Soc.  Land.,  2d  Series, 
Vol  V. 

+  See  Proceedings  of  the  Geol.  Soc  Lond.,  No.  74. 

X  By  the  term  flexure,as  explained  by  the  phrase  one-sided  saddles,  used  in  the  same  connection,  we  infer  the  author  to  mean  what  we 
denominate  oblique  flexures,  while  he  restricts  the  term  anticlinal  to  those  bendings  which  give  approximately  equal  dips  on  the  opposite 
Bides. 
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there  perceive  a  wide  zone  of  crust-undulations  having  its  strata  most  invaded  by  igneous  rocks,  and  most  rup- 
tured and  metamorphosed  along  its  S.E.  side,  and  dis^jlaying  its  most  ancient  sedimentary  formations  in  a  state 
of  close  plication,  with  innumerable  inversions  of  the  dip,  imparting  to  wide  tracts  one  uniform  parallel  inclination 
towards  the  S.E.  Crossing  the  zone  N.W.,  we  enter  newer  and  newer  strata,  until  we  come  to  the  undulated 
coal-field  of  Westphalia  or  Belgium,  our  traverse  taking  us  from  the  non-fossiliferous  formations,  at  the  very  base 
of  the  Palfeozoic  system.  In  whatever  meridian  we  make  our  section,  we  find  the  N.W.  sides  of  the  waves,  with 
few  exceptions,  steeper  than  the  S.E.  ones,  not  only  where  they  are  inverted,  but  where  they  have  a  nonnal  dip. 
We  find,  moreover,  as  we  advance,  that  the  waves  grow  more  and  more  open,  and  that  the  distances  between  tliem 
increase  ;  that  they  subside  in  height,  and  that  the  two  slopes  approximate  nearer  to  equality.  These  gradations 
are  admirably  disclosed  in  any  traverse  across  the  strike  N.W.,  from  the  water-shed  of  the  Ardennes  to  the  Belgian 
coal-fields  of  the  Meuse.  I  can  detect,  in  tlie  features  of  Dumont's  exquisite  map  of  Belgium  and  the  neighbour- 
ing countries,  the  very  same  relations  of  the  longitudinal  faults  to  the  flexures  that  have  engendered  them 
which  prevail  in  the  fractures  of  the  Appalachians  above  described.  They  evidently,  for  the  most  part,  occur  on  the 
N.W.  sides  of  the  anticlinal  axes,  and  cause  older  strata  to  ride  upon  newer  ones  plunging  under  them,  with 
approximately  parallel  dip.  Even  the  plienomena  of  cleavage,  presently  to  be  described,  will  be  seen  to  exhibit 
the  very  same  laws  in  the  metamorphic  S.  half  of  this  wide  zone  of  i^lication,  which  they  present  along  the  S.E. 
side  of  the  Appalachian  chain,  and  the  Atlantic  slope  bordering  it.  This  region  of  the  Rhenish  Provinces  and 
Belgium  further  agrees  with  the  Apjaalachians  in  being  a  zone  of  imdulations  and  plications,  where  the  folding 
movement  has  been  all  in  one  direction. 

The  Jura  Chain  of  Switzerland. — The  Jura  chain  of  Switzerland,  as  I  pointed  out  in  1848,  in  communications 
to  the  Geological  Society  of  London,  and  in  1849  to  the  American  Scientific  Association,  is  another  very  interest- 
ing belt  of  crust-waves,  displaying  in  its  structure  a  close  resemblance  to  the  Appalachians. 

It  embraces,  like  the  American  mountains,  many  groups  of  waves  differing  in  the  directions  of  their  axes  in 
difierent  districts  of  the  chain,  the  individual  groups  being  composed  of  waves  which  are  remarkably  parallel.  Few 
of  these  undulations  exhibit  actual  inversion  of  their  steeper  sides,  the  dip  in  some  instances  passing  the  per- 
pendicular, and  generally  not  exceeding  on  an  average  70°,  the  gentler  or  opposite  slopes  only  having  a  mean  slant 
of  about  40°.  In  four  traverses  which  I  made  across  this  chain,  I  observed  one  almost  invariable  law  as  to  the 
direction  of  the  steep  and  gentle  sides  of  the  imdulations,  or,  in  other  words,  of  the  axis-planes.  Contrary  to  first 
anticipation,  and  to  the  belief  of  many  Swiss  geologists,  I  found  the  steeper  curvature  of  the  waves  directed 
toward  the  Alps,  and  not  from  them,  implying  that  the  cnist-movement  which  lifted  these  grand  and  picturesque 
arches  proceeded  from  the  N.W.,  and  not  from  the  chain  of  the  Alps.  This  also  is  a  belt  whose  undulations  are 
chiefly  in  one  direction. 

The  Alps. — The  great  chain  of  the  Alps  is  much  more  comjDlex  in  its  structure  than  either  of  the  undulated 
zones  yet  described.  It  contains  but  few  waves  of  the  oi3en  or  normal  type,  but  innumerable  close  foldings  or 
plications.  Throughout  a  great  portion  of  its  length,  this  lofty  and  rugged  zone  of  mountains  consists  of  two 
approximately  parallel  chief  crests.  The  great  feature  in  the  geological  structure  of  the  whole  zone  is  the  pre- 
sence of  belts  of  closely-plicated  Mesozoic  and  Tertiary  strata  on  both  flanks  of  each  of  these  great  constituent 
ranges.  But  the  most  striking,  and,  at  first  view,  perfectly  enigmatical  feature,  is  the  inward  plunge  of  the  newer 
strata  beneath  the  older,  in  the  sides  and  at  the  base  of  both  chains.  When,  however,  the  plicated  strata  are 
structurally  arranged  and  traced,  we  find  that  this  phenomenon  assumes  the  character  of  a  symmetrical  folding  of 
the  rocks  in  two  opposite  directions  from  each  high  central  axis.  The  individual  foldings,  with  scarce  an  excep- 
tion, lean  outwards  from  the  central  tracts  of  the  mountains,  or  from  the  quarters  of  igneous  disturbance,  rupture, 
and  maximum  metamorphism  of  the  crust :  in  other  words,  the  axis-planes  of  the  plicated  strata  of  the  flanks  of 
the  Alps  dip  inwards  towards  the  centre  of  the  chain  ;  those  nearest  to  it  at  a  low  angle,  and  those  more  I'emote 
at  angles  steeper  and  steeper  as  the  waves  recede,  expanding  to  the  outer  base  of  the  range.  High  on  the  flanks 
of  the  Alps,  or,  what  is  the  same  thing,  deep  in  towards  the  roots  of  the  mountain,  where  only  the  synclinal 
bends  of  the  flexed  strata  have  been  protected  from  denudation  by  inward  folding,  these  closely-compressed 
troughs  lie  pinched  in  between  the  older  strata  in  oblique  inward  inclination.  The  transverse  sections  expose 
these  bondings,  which  are  called  V's  by  some  of  the  Swiss  geologists.  Here  then  we  behold  an  exact  coimterpart 
in  the  stratification  or  structure  of  a  single  flank  of  the  Alps,  of  that  folding  with  inversion  which  characterises 
the  Appalachian  chain,  or  that  of  the  Ardennes,  a  single  side  of  the  Alps  being  the  equivalent  of  the  whole  of 
either  of  those  zones  ;  it  consists,  that  is  to  say,  of  a  belt  undulated  in  one  direction.  Crossing  the  Alps,  or  rather 
one  of  its  component  great  chains,  we  find  another  similar  belt  of  the  same  strata,  plicated  in  the  same  way,  with 
their  axis-planes  dipping  also  under  the  crest  or  orographic  axis  of  the  mountain,  but  of  course  to  the  opposite 
quarter  of  the  compass  as  compared  with  the  plicated  zone  of  the  other  flank.  This  is,  I  conceive,  a  correct  picture 
of  that  featm-e  which,  hitherto  imperfectly  analysed,  has  been  called  by  some  of  the  geologists  of  Switzerland, 
expressively  enough  : 

The  Fan-like  Structure  of  the  Alps. — Viewed  as  a  single  chain,  this  mountain  system  consists,  then,  of  two 
belts  undulating  in  opposite  directions  ;  but,  as  already  stated,  it  is  for  the  most  part  of  its  length  a  double  chain  ; 
and  I  think  each  range,  especially  where  these  are  widest  apart,  has  a  plicated  belt  of  strata  upon  each  of  its 
slopes,  so  that,  for  some  distance  at  least,  the  fan-like  structure  is  twice  repeated  ;  in  other  words,  there  are  four 
belts  of  closely-folded  waves,  each  having  its  axis-planes  dipping  towards  the  base  of  its  own  high  mountain 
system. 
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A  conspicuous  and  pervading  cleavage-structure  coincident  in  tlie  direction  of  its  dip,  as  I  shall  presently 
sliow,  with  the  oblique  axis-planes  of  the  folded  rocks,  contributes  greatly,  I  conceive,  to  the  illusive  phenomenon 
of  an  inward  dip  of  all  the  strata,  or  to  that  general  feature  which  has  been  called  fan-shaped.* 

This  inward  dip  is  rendered  still  more  obvious  by  the  circumstance  that  the  foliation  or  crystalline  lamination 
of  the  more  altered  strata  itself  obeys  very  generally  a  similar  law  of  parallelism  to  the  axis-planes  of  the  flexures. 


a  Igneous  rocks  in 
central  axis  0/  the 
chain 


c.  Anticlinal  flexures- 


,  Anticlinal  and  syn- 
clinal axis-planes. 


Fig. 


714. — Generalised  Section  of  the  Alps,  displaying  the  Dijiping  of  the  Folds  of  the  Strata  on  both  Sides  in  towards 

the  Igneous  Axis. 


Where  this  crystalline  grain  of  the  rocks  does  not  coincide  with  the  stratification,  it  exhibits  a  great  tendency  to 
a  coincidence  of  dip  with  any  system  of  cleavage-planes  belonging  to  the  same  or  other  parts  of  the  mass.  In 
either  case  it  will  dij^  inwards  towards  the  igneous  axis  of  the  chain,  if  the  strata  possessing  it  are  themselves 
closely  folded  in  conformity  with  the  prevailing  law.  But  the  phenomena  of  cleavage  and  foliation  will  be  noticed 
afterwards.    We  now  proceed  to  discuss  the 


GENEEAL  PHENOMENA  OF  SLATY  CLEAVAGE  IN  THE  APPALACHIANS,  AND  OTHER 
ZONES  OP    PLICATED  STRATA. 

Cleavage  approximately  parallel  with  the  Strike,  but  independent  of  the  Dip  of  the  Strata. — It  is  now  a  good  many 
years  since  Professor  Sedgwick  and  other  geologists  announced  the  important  general  fact  that  the  stmcture  called 
cleavage  pervades  the  altered  strata  affected  by  it,  in  directions  independent  of  their  bedding  or  lamiuaj  of  deposi- 
tion. That  eminent  geologist  further  announced  that  these  planes  are  approximately  parallel  to  each  other  over 
large  spaces  of  country,  however  contorted  the  dip  of  the  rocks.  He  likewise  enunciated  a  second  general  law  of 
much  importance,  "  That  when  the  cleavage  is  well  developed  in  a  thick  mass  of  slate  rock,  the  strike  of  the 
cleavage  is  nearly  coincident  with  the  strike  of  the  beds."  Subsequently  Professor  Phillips  gave  to  this  rule  of 
the  cleavage  a  still  more  comprehensive  and  exact  expression,  when  he  stated  to  the  British  Association  in  1843, 
that  the  cleavage-jilanes  of  the  slate  rocks  of  North  Wales  are  always  parallel  to  the  main  direction  of  the  great 
anticlinal  axes.  Other  geologists  have  abundantly  confirmed  these  generalisations.  Since  1837,  these  pheno- 
mena of  the  close  parallelism  of  the  cleavage-planes  of  a  given  district  with  each  other,  and  vrith  the  main  axis 
of  elevation  of  the  district,  have  been  constantly  observed  and  recorded  by  my  brother.  Professor  W.  B.  Kogers, 
and  myself,  in  our  Geological  Surveys  of  Virginia,  Pennsylvania,  and  New  Jersey.-|- 

In  1849  I  submitted  to  the  American  Association  for  the  Advancement  of  Science,  at  the  annual  meeting 
held  at  Cambridge,  Massaclmsetts,  in  a  commruiication  on  the  analogy  of  the  ribbon  structure  of  glaciers  to  the 
slaty  cleavage  of  rocks,  a  statement  of  what  I  had  for  some  years  previous  regarded  as  the  true  law  of  the  direction 
of  the  cleavage-planes  of  a  district  of  undulated  and  plicated  strata. 

In  its  simplest  expression  the  rule  is,  that  the  cleavage  dip  is  parallel  to  the  average  dip  of  the  anticlinal  and 
synclinal  axis-planes,  or  those  bisecting  the  flexures.  The  generality  of  this  rule  was  shown  on  the  occasion 
mentioned,  by  sections  exhibiting  the  flexures  and  cleavage  in  the  Appalachians,  in  the  Alps,  and  in  the  Ehenish 
Provinces  ;  and  I  have  since  become  convinced  of  its  irniversality  from  the  inspection  of  the  phenomena  of  other 
districts,  and  from  a  study  of  the  descriptions  and  sections  of  geologists.  Want  of  space  prohibits  me  fi-om 
here  citing  the  abundant  evidence  for  this  law  to  be  found  in  the  best  recently-printed  memoirs  upon  slaty 
cleavage  ;  but  I  hope  to  be  able  ere  long  to  give  my  own  observations  in  support  of  the  highest  British  geological 
authorities,  who,  rrnaware  of  the  relationship  itself,  have  furnished  the  most  satisfactory  data  for  the  recognition 
of  it.  I  cannot,  however,  refrain,  in  tliis  place,  from  sustaining  the  generalisation  I  am  here  venturing  to  put 
forth,  by  instancing  the  si;pport  it  receives  from  the  excellent  descriptions  recently  given  by  Professors  Harkness 
and  Blyth  of  the  Cleavage  of  the  Devonians  of  the  South-west  of  Ireland  In  their  paper  in  the  Edinburgh  Keia 
Philosophical  Journal  for  October  1855,  they  not  only  establish  an  agreement  between  the  strike  of  the  cleavage- 
planes  with  that  of  the  several  rolls  (or  antichnals)  which  aflect  the  island  of  Yalentia,  but  they  show  that,  while 
the  cleavage  dip  is  S.,  the  anticlinal  "  cm-ves  have  been  pushed  over  in  a  more  or  less  N.  direction,"  inverting 

*  From  the  analysis  above  given  of  the  structure  of  the  sides  of  the  Alps,  it  will  be  seen  that  I  entirely  concur  with  Professor  James 
Forbes,  and  with  all  the  more  eminent  of  the  Swiss  geologists,  iu  recognising  the  fan-like  dip  of  the  newer  strata,  Tertiary  and  Mesozoic, 
conformably  in  appearance  at  least  under  the  older  strata,  metamorphic  and  gneissic,  of  the  higher  more  central  tracts,  and  that  I  dissent 
entirely  from  the  theoretical  section  offered  by  Mr  Daniel  Sliarpe. 

f  See  Annual  Reports  on  those  Surveys,  1837-40,  and  other  Essays. 
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the  carboniferous  limestones  and  coal-measures.  Their  general  statement  is,  that  the  cleavage-structure  of  rocks 
does  not  result  from  the  simple  rolling  of  the  strata,  but  from  this  cause  combined  with  a  considerable  amount  of 
pressure  ;  and  this  latter  force  acting  from  the  S.,  has  pressed  over  the  strata  in  a  series  of  oblique  curves  to  the  N., 
and  given  to  the  inclined  cleavage  its  greater  or  lesser  degree  of  S.  dip.  They  support  the  doctrine  of  Mr  Shaqae 
respecting  the  cleavage  of  rocks, — "  That  there  has  been  a  compression  in  the  mass  in  a  direction  everywhere 
perpendicular  to  the  planes  of  cleavage,  and  an  expansion  of  tliis  mass  along  the  planes  of  cleavage  in  the  direc- 
tion of  a  line  at  right  angles  to  the  line  of  incidence  of  the  planes  of  bedding  and  cleavage  ;"  or,  in  other  words, 
to  the  direction  of  the  dip  of  the  cleavage.  From  this  view  of  the  mechanical  nature  and  direction  of  the  force 
engendering  cleavage,  I  beg  leave  respectfully  but  explicitly  to  dissent. 

Fan-like  Arrangement  of  the  Cleavage  at  the  Anticlinal  and  Synclinal  Axis-Planes. — A  second  general  fact  or 
law  of  direction  of  the  cleavage-planes  in  folded  strata  must  be  here  enunciated.  At  first  view  it  is  in  seeming 
contradiction  with  the  universality  of  the  primary  rule  above  stated,  of  the  invariable  approximate  parallehsm  of 
the  cleavage-planes  to  the  axis-planes  of  the  flexures  ;  but  closely  examined,  it  will  be  seen,  I  think,  to  be  in 
beautiful  accordance  with  that  law,  and  with  my  hypothesis  of  the  origin  of  the  cleavage-structure.  The  rule  is 
this,  that  where  the  cleavage  is  fully  developed,  and  the  anticlinal  and  synclinal  flexures  are  also  conspicuous  and 
very  shai-p,  the  cleavage-planes  immediately  adjoining 
those  bendings  are  not  parallel  to  the  axis-planes,  but 
partially  radiate  from  them  in  a  fan-like  arrangement  up- 
wards in  the  anticlinals,  and  downwards  in  the  synclinals. 

This  aberration  from  the  normal  direction  is  further- 
more different  in  degree  i;pon  the  two  sides  of  the  geo- 
metric axis-plane,  being  usually  greatest  upon  the  inverted 
or  steep  side  of  the  wave. 

Another  aberration  of  the  cleavage-planes  from  their 
normal  direction  of  parallelism  to  the  axis-planes,  is 
their  tendency  to  conform  partially  to  the  dip  of  the  strata, 
when  the  two  are  nearly  coincident.  This  operates  to 
flatten  the  inclination  of  the  cleavage  upon  the  gentler 
slope  of  each  wave,  and  steepen  it  upon  the  more  inclined 
one  ;  and  as  in  every  belt  of  uniform  flexures  closely  pH- 

cated  with  inversions,  the  uninverted  or  normal  dips  greatly  exceed  the  inverted  ones,  it  produces  in  such  cases  a 
prevailing  lower  inclination  in  the  planes  of  cleavage  than  in  the  planes  bisecting  the  flexures. 

Relation  of  Cleavage  to  the  Mechanical  Constitution  of  the  Strata. — There  is  yet  another  law  respecting  cleavage  ; 
it  is  the  dependence  of  this  stnicture  upon  the  mechanical  texture,  and  possibly  upon  the  chemical  composition, 
of  the  fissm-ed  rocks. 

Geologists  have  for  several  years  recognised  the  fact,  that  in  formations  composed  of  alternations  of  the 
coarser  mechanical  rocks,  such  as  siUcious  grits  and  conglomerates,  with  fine-grained  argillaceous  beds,  as  slates, 
shales,  or  marls,  the  coarse  beds  are  unaffected  by  cleavage,  while  the  fine-grained  ones  are  often  pervaded  by  it. 
Indeed,  one  may  observe  in  a  given  locality  almost  a  strict  proportion  between  the  degree  of  intimate  Assuring  of 
the  rocks  by  cleavage-planes,  and  the  degree  of  comminution  of  their  particles. 

Connected  probably  with  this  interruption  in  the  distribution  of  the  cleavage-condition  throirgh  such  hetero- 
geneous groups  of  strata,  I  have  observed  another  general  fact  of  modification  of  the  cleavage-planes,  which 
should  not  be  passed  imnoticed  here.  They  tend,  in  the  fine-grained  argillaceous  beds,  to  curve  a  little  from  the 
normal  direction  into  an  approach  to  parallelism  with  the  surfaces  of  bedding  of  the  adjoining  coarser  mechanical 
deposits,  presenting,  in  a  transverse  section,  a  kind  of  gentle  sigmoid  or  double  flexure.  This  is  well  shown  in 
the  cleavage-traversed  rocks  at  the  base  of  the  anthracite  coal-formation  of  Pennsylvania,  especially  in  the  tran- 


6  b,  Axis-Plane. 


-Fan-like  arrangement  of  Cleavage  at  an  Anti- 
clinal Axis. 


Fig.  716. — Beds  of  Red  Shale  with  Cleavage  alternating  with  beds  of  Sandstunc  without  Cleavage  ;  Cleavage  curving  towards 
parallelism  with  the  bedding  at  its  boundaries.    Section  near  Ashland,  Pennsylvania. 

sition  or  passage  beds  which  connect  the  Umbral  red  shales  of  that  region  with  the  base  of  the  coal-sustaining 
conglomerate,  and  also  where  these  shales  alternate  with  the  upper  coarser  members  of  the  Vespertine  sandstone. 
The  small  section  here  appended,  showing  the  cleavage,  in  one  of  these  groups  of  alternation  of  red  shale  and 
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sandstone,  from  a  railway-cut  near  Ashland,  in  tbe  middle  anthracite  coal-field,  exemplifies  well  the  phenomenon 
referred  to. 

The  tendency  here  shown  in  the  cleavage-planes  to  conform  to  the  pLanes  of  bedding,  where  abrupt  changes 
of  composition  interrupt  the  continuity  of  the  fissures,  is  but  another  variety  of  the  phenomenon  already  adverted 
to,  of  a  deflexion  of  the  cleavage  in  bands  of  plicated  strata  towards  a  parallelism  with  the  gently-dipping  slopes 
of  the  anticlinal  waves.  Tliis  remarkable  fact  of  an  intimate  dependence  of  the  cleavage  upon  the  composition 
and  mechanical  texture  of  the  structure  is,  I  conceive,  of  itself  sufficient  to  refute  the  hypothesis  somewhat  in 
favour  at  present,  of  the  purely  mechanical  origin  and  nature  of  the  cleavage-producing  force ;  for  we  cannot 
conceive  how  a  mechanical  force,  either  of  compression  or  of  tension,  transmitted,  as  necessarily  it  nmst  be,  very 
equally  through  parallel  layers  of  coarse  and  fine  materials,  should  have  exerted  no  Assuring  action  the  moment 
it  reached  the  sui-faces  of  the  coarser  beds,  and  yet  have  been  able  to  cleave  into  thin  parallel  slaty  laminas  the 
whole  body  of  the  fine-grained  argillaceous  strata.  One  would  more  naturally  suppose  that  the  less  firmly 
aggregated  softer  mud-rocks  or  shales  would  have  been  even  less  easily  fissured  by  sharp  cleavage-joints  than 
the  more  massive  and  better  cemented  grits.  It  is  of  importance  to  notice  here,  that  subsequent  disruption  of 
the  strata  may  change  the  normal  position  or  dip  of  the  cleavage  after  its  formation,  and  give  rise  to  some  of  the 
apparent  deviations  from  the  general  law  of  direction  above  enunciated. 

The  Cleavage  Susceptibility  alternately  greater  and  less  in  Parallel  Planes. — Cleavage  is  a  susceptibility  in 
rocks  of  a  certain  composition,  and  in  a  particular  stage  of  metamorphism,  to  split  in  definite  straight  parallel 
planes.  The  cohesive  force  is  obviously  at  a  minimum  of  intensity  in  the  direction  perjaendicular  to  these  planes. 
In  the  other  two  rectilinear  axes  of  the  cube,  one  side  of  which  is  coincident  with  the  cleavage-plane,  the  force  of 
cohesion  next  in  degree  of  intensity  is  the  horizontal  one,  or  that  in  the  direction  of  tlie  strike  of  the  cleavage, 
while  the  most  intense  cohesion  of  all  is  that  in  the  direction  of  the  cleavage-dip.  It  is  in  this  latter  direction 
that  the  molecular  forces  of  attraction  engendering  incipient  crystallisation  seem  to  have  been  most  powerfully 
awakened,  while  the  polarities  have  been  feeblest  in  the  lines  perpendicular  to  the  cleavage-planes  ;  but  apart 
from  these  three  directions  and  grades  of  corpuscular  force,  we  have  indications,  in  any  homogeneous  mass  of 
cleavage-traversed  slate,  or  otlier  rock,  of  the  presence  of  two  grades  of  the  minimum  cohesion,  constituting  the 
cleavability,  disposed  side  by  side  in  alternate  parallel  order ;  in  other  words,  where  the  cleavage  is  fully 
developed,  the  rock  will  be  found  to  contain  certain  nearly  equidistant  closely-contiguous  planes  of  maximum 
cleavability,  or,  what  is  the  same  thing,  of  minimum  lateral  cohesion — the  material  of  each  thin  plate  of  the  slate 
cohering  more  strongly  together  than  these  adjacent  plates  cohere  to  each  other.  The  existence  of  such  planes 
is  indicated  by  the  manner  in  which  any  mass  of  very  cleavable  slate,  long  exposed  to  atmospheric  agencies, 
invariably  breaks  uj),  as  we  may  see  in  any  naked  outcrop.  If  the  cohesion  of  the  mass  in  a  direction  perpendi- 
cular to  the  cleavage-planes  were  equally  strong  in  all  parallel  planes  that  we  can  imagine  pervading  it,  it  is 
impossible  to  understand  how  any  uniformly-acting  disintegrating  forces, — either  expansion  and  contraction  by 
heat,  soakage  and  drying,  or  freezing  and  thawing, — could  subdivide  it  by  planes  or  fissures  so  regularly  distri- 
buted as  we  find  them.  These  could  only  have  arisen,  I  conceive,  from  the  presence  of  parallel  planes  of  weaker 
and  stronger  cohesion.  In  this  interesting  structure  we  discern  a  striking  analogy  to  that  alternation  of  thin 
plates  of  solid  blue  crystal  ice,  and  white  porous  ice  of  less  cohesion,  which  is  so  distinct  a  featirre  in  the  fully- 
developed  ice  of  glaciers,  and  which  has  been  expressively  named  by  Professor  James  D.  Forbes  the  Ribbon 
Structure.* 

FOLIATION. 

The  relations  of  the  foliation  or  crystalline  lamination  of  metamorphic  strata  to  the  cleavage-planes  and  the 
planes  of  stratification,  come  next  to  be  considered.  Two  facts  may  be  stated  of  foliation,  which  possess,  perhaps, 
the  constancy  of  general  laws.  One  of  them  is,  that  this  structure,  as  it  is  seen  in  gneiss  and  mica-schist,  observes, 
when  the  strata  are  not  traversed  by  cleavage,  an  approximate  parallelism  to  the  original  bedding.  A})parent 
exceptions  to  this  rule  occur  in  several  localities  near  Philadelphia,  and  elsewhere  in  the  United  States,  and  have 
often  been  noticed  in  Europe  by  Mr  D.  Sliarpe  and  other  good  observers  ;  but  all  of  them  can  be  reconciled  to 
the  general  fact,  and  reduced,  it  is  conceived,  to  one  comprehensive  law — namely,  that  the  planes  of  foliation,  or 
the  lamina^  formed  by  the  crystalline  constituents  of  the  foliated  rocks,  are  parallel  to  the  planes  or  leaves  of  heat 
which  have  been  transmitted  tlirough  the  strata.  Wherever  large  tracts  of  the  gneissic  rocks  retain  a  nearly 
horizontal  imdisturbed  position,  the  foliation  is  almost  invaiiably  coincident  with  the  stratification ;  and  in  this 

*  In  a  communication  submitted  to  the  American  Association  for  the  Advancement  of  Science,  in  1849,  I  attempted  to  show  this 
analogy  of  the  ribbon  structure  of  glaciers  to  the  slaty  cleavage  of  rocks,  in  the  following  remarks  : — "  The  ice  of  glaciers  consists  of  thin 
alternate  parallel  bands  or  plates  of  blue  crystal  ice  and  white  porous  ice,  each  not  more  than  ^  or  h  of  an  inch  in  thickness.  These  pervade 
the  whole  mass  of  every  glacier,  and  are  clearly  exposed  on  the  sides  of  the  transverse  fissures.  Near  the  sides  of  the  glacier  they  are 
almost  absolutely  parallel  with  its  mountain-walls,  but  they  sweep  away  towards  its  medial  line,  and  form,  like  all  the  other  planes  which 
divide  the  glacier,  a  series  of  innumerable  loop-like  curves.  This  looped  or  festooned  form  is  obviously  caused  in  part  by  the  downward 
tendency  of  the  movement  or  flow  of  the  semi-plastic  ice,  and  in  part  by  the  influence  of  the  terminal  moraine  to  induce  that  parallelism 
to  itself  which  the  rooky  sides  of  the  glacier  produce  in  the  ice  near  them.  The  most  general  fact  noticeable  in  relation  to  these  structural 
planes  is  the  approximate  parallelism  to  the  rocky  walls  and  terminal  moraine  confining  the  icy  mass  ;  or,  in  other  words,  to  the  surfiicea 
of  higher  temperature  which  enclose  the  glaciers.  However  the  direction  of  the  ribbon-lines  may  alter  by  irregularities  in  the  onward 
flow  of  the  glacier,  their  position  near  the  region  of  the  nevd  is  strictly  parallel  with  the  surface  of  the  warmer  mountain  sides." 
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case,  the  wave  of  heat  producing  the  crystalline  structure  can  only  have  flowed  upwards  through  the  crust, 
invading  stratum  after  stratuui,  in  parallel  liorizontal  planes.  Again,  when  injections  of  granite  occur  in  uplifted 
gneissic  strata,  the  crystalline  lamination  is  generally  seen  to  be  parallel  to  the  plane  of  outflowing  temperature. 
The  other  general  rule  is,  that  the  foliation  is  parallel  or  approximately  so  to  the  cleavage^  wherever  these  two 
structures  occur  in  the  same  mass  of  rocks.  This  fact,  recorded  by  Darwin,  of  the  gneissic  rocks  and  clay-slates 
of  South  America,  has  been  noticed  likewise  by  Mr  D.  Sharpe,  Mr  David  Forbes,  Mr  Sorby,  and  other  geologists 
in  Great  Britain,  and  by  the  Author  in  many  localities  in  Southern  Pennsylvania,  and  in  other  districts  of  the 
Atlantic  slope.  An  interesting  instance  of  such  parallelism  of  the  foliation  to  the  cleavage,  tending  to  show  convinc- 
ingly that  both  phenomena  are  the  consequences  of  one  species  of  force,  or  are  only  difl'erent  degrees  of  develojjment 
of  the  same  molecular  or  crystallising  agency,  is  presented  in  the  great  synclinal  trough  of  the  lower  AiJiialacliian 
limestone,  North  of  Philadelpliia.  On  the  N.  side  of  this  trough,  the  Primal  and  Amoral  rocks  dip  S.  over  a 
wide  outcrop  at  a  very  regular  angle  of  about  45°.  On  the  S.  side  they  have  been  lifted  into,  and  even  a  little 
beyond,  the  perpendicular  position,  so  that  the  synclinal  axis-plane  of  the  belt  dips  at  an  angle  of  65°  or  70°  to 
the  S.  Neither  formation  shows  cleavage-structure  on  the  N.  side  of  the  valley,  the  limestone  being  there  of  an 
earthy  texture,  and  in  thick  massive  beds,  but  on  the  S.  or  upturned  side  this  limestone  is  altered  into  a  mottled 
blue-and- white  crystalline  marble,  and  is  pervaded  with  cleavage-planes,  dipping  at  angles  of  70°  and  80°  S. 
Many  jjarts  of  the  rock  are  like  a  foliated  calcareous  gneiss,  thin  laminte  of  mica  and  talc  dividing  the  slate-like 
plates  of  the  marble.  It  is  especially  worthy  of  notice  that  the  foliation  of  the  mica  and  talc,  composing  some 
of  the  thin  partings  between  the  original  beds  of  the  limestone,  is  itself  very  generally  parallel  to  the  cleavage  in 
the  adjoining  calcareous  rock.  Indeeil,  wherever  the  cleavage  is  excessive,  the  mass  becomes,  by  introduction  of 
fully-developed  talc  and  mica  between  its  laminje,  a  true  foliated  stratum.  An  especial  interest  annexes  to  cases 
of  this  kind,  from  their  showing  that,  in  the  contrasted  conditions  of  the  absence  and  presence  of  metamorph- 
ism  in  the  two  opposite  outcrops  of  the  same  synclinal  fold,  both  effects,  cleavage  and  foliation,  have  originated 
at  the  same  time,  and  from  one  and  the  same  cause,  and  are,  in  truth,  but  diiferent  stages  of  the  same  crystalline 
condition,  superinduced  in  the  mass  by  high  temperature  at  the  period  of  its  elevation.  The  above  general  fact 
of  the  prevailing  parallelism  of  the  foliation  to  the  cleavage,  is  but  a  corollary  of  the  more  general  relationship 
already  expressed  of  the  parallelism  of  the  resulting  planes  of  crystallisation  to  the  waves  of  heat  which  have 
produced  the  metamorphism. 


EXAMINATION  OF  THE  PREVAILING  THEOEIES  OF  ELEVATION. 

Perhaps  the  most  current  notion  respecting  the  force  which  has  displaced  and  elevated  the  originally  hori- 
zontal strata  of  the  globe,  is  that  which  represents  the  granitic  and  volcanic  rocks  as  forcibly  injected  in  a  melted 
state  into  fissures,  and  violently  thrust  in  solid  wedge-shaped  masses  upwards  through  the  incumbent  crust. 
That  this  is  the  prevailing  idea  is  apparent  from  the  manner  in  which  nearly  all  geological  sections,  even  the 
most  modem  ones,  designed  to  represent  the  relations  of  the  Plutonic  to  the  sedimentary  rocks,  are  to  this  day 
constructed.  Where  igneous  rocks  constitute  the  whole  or  a  hirge  portion  of  the  central  axis  of  a  moimtain 
chain,  or  even  that  of  a  simple  anticlinal  ridge,  they  are  usually  represented  in  cross  sections,  in  the  form  of  a 
broad  wedge,  and  the  stratified  rocks  are  drawn  as  leaning  upon  the  sloping  flanks  of  the  wedge  or  prism.  This 
is  not,  I  think,  the  tme  relation  in  nature  of  the  igneous  to  the  sedimentary  masses,  as  I  propose  to  show  from 
the  following  considerations. 

Hypothesis  of  Wedge-like  Intrusion  of  Melted  Matter. — The  notion  of  an  upward  wedging,  or  intrusion  of 
molten  mineral  matter  into  or  through  the  superincumbent  sti  ata  in  the  manner  of  a  wedge,  implies  a  function  in 
the  soft  material  winch  belongs  to  the  mechanical  action  of  a  solid,  and  is  incomj^atible  with  the  dynamic 
properties  of  fluids.  Until  a  fissure  from  below  first  penetrates  or  traverses  the  invaded  overlying  strata,  it  is 
not  possible  to  conceive  that  the  liquid  matter  could  introduce  itself  in  the  mode  of  a  wedge.  Some  force  must 
first  crack  the  crust,  and  then  the  molten  matter,  flowing  into  the  fissvn-e,  may  act  as  a  narrow  wedge  or  key,  to 
keep  the  walls  of  the  chink  distended ;  but  such  plates  of  solidified  refrigerated  volcanic  matter,  known  as  veins 
and  dykes,  must  necessarily  be  narrow,  and  have  the  shape  rather  of  walls  with  parallel  siufaces  than  great 
wedges  broad  at  the  base.*  They  will  also  abound  chiefly  in  the  districts  of  subsidence,  or  in  the  concave  waves, 
not  in  those  of  elevation,  or  in  the  convex,  where  the  wedge-like  form  tapering  upwards  is  usually  rejjreseuted. 
Where  a  rupturing  of  the  strata  has  taken  place  in  a  tract  of  elevation,  or  at  an  anticlinal,  the  fissure  or  fissures 
will  be  found  to  gape  upwards,  and  the  melted  volcanic  matter  which  has  flowed  to  the  surface  will  be  seen 
widening  outwards,  and  tapering  as  it  descends — the  very  opposite  of  the  form  usually  assigned  to  such  oritbursts 
in  the  igneous  axes  of  uplifted  chains.  So  common  is  this  upward  enlargement  of  the  Plutonic  masses  in  certain 
regions,  that  it  constitutes,  I  conceive,  one  element  of  the  fan-shape  or  inward  dip  of  the  boundary  walls  of  the 
rocks,  so  frequently  encountered  in  the  Alps  and  other  much-disturbed  mountain-systems.  A  tme  conception  of 
the  formation  of  a  mineral  vein  or  dyke  will  represent  it  as  the  consequence,  not  the  cause,  of  the  fissure  which  it 


*  It  is  in  consequence  of  tins  natural  expansion  of  surface-cracks  outwards  in  anticlinals,  that  the  miner  so  frequently  finds  his 
mineral  lodes  contracting  or  dying  out  as  he  descends.  Several  striking  instances  of  this  thinning  of  veins  downwards  could  be  cited 
from  the  mines  of  the  United  States  situated  in  anticlinal  flexures. 
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fills,  the  real  process  being,  not  a  protnision  of  the  fluid  matter  through  the  crust,  breaking  it  in  its  passage  as  a 
solid  wedge  might,  but  an  actual  injection  or  pumping  of  it  into  the  newly-opened  vacuous  cavity,  from  the 
pressure  or  tension  below. 

a  Intrusion  of  the  Igneous  Mod's  in  Solid  Wedges.  —  The 

other  notion,  frequently  connected  with  the  above  idea,  of  a 
forcible  proj^ulsion  of  igneous  matter  through  the  crust,  is 
that  of  the  violent  tlmisting  upward  of  volcanic  or  granitic 
matter  already  solidified,  in  broad  wedge-like  masses  through 
the  strata.  This  conception  I  hold  to  be  at  variance  both 
,,  ,        with  sound  mechanical  laws  and  with  the  phvsical  facts. 

rIG.  71/. — Uykes  expiinduig  upwards  m  Auticlinals  and  t-i       i         i-i   •  n   •      i  r 

downwards  in  Synclinals.  -c  or  the  solid  igneous  mass  to  iiave  acted  m  the  manner  ol  a 

wedge,  it  is  absolutely  necessary  that  it  should  have  moved 
freely  upward  through  the  opening  in  the  strata,  which  it  is  supposed  to  have  wedged  apart  and  to  have  uplifted, 
and  even  corrugated,  by  lateral  compression.  But  it  is  impossible  to  imagine  such  a  slipping  of  the  assumed 
granitic  wedge  past  the  edges  of  the  strata  confining  it,  since  we  can  imagine  no  force  acting  downward  upon 
these  hitter,  to  prevent  their  moving  upward  along  with  the  wedge  of  granite,  nor  any  localisation  of  the  force 
below,  to  prevent  it  operating  on  both  alike.  We  have  furthermore  no  evidence  of  that  discontinuity  between 
the  igneous  rock  and  the  ruptured  strata,  which  the  notion  of  a  sliding  wedge  obviously  pre-supposes,  but,  on 
the  contrary,  every  proof,  from  general  theory  and  from  observed  facts,  that  the  two  descriptions  of  rock  are 
intimately  bound  together  in  closest  crystalline  contact,  keyed  together  by  veins,  branching  from  the  mass  of  the 
one  into  the  fissures  of  the  other,  and  even  fused  together  by  an  actual  incorporation  of  substance.  Any  upward 
movement,  therefore,  of  Plutonic  masses,  bearing  sedimentary  rocks  upon  their  flanks,  cannot  have  been  in  the 
manner  of  a  mechanical  wedge  ;  and  those  results — corrugation,  for  example — of  the  adjacent  strata,  habitually 
attributed  by  many  geologists  to  an  imagined  wedge-like  lateral  thrust,  must  be  accounted  for  upon  some  other 
sounder  mechanical  theory. 

A  modified  form  of  this  conception  of  an  igneous  wedge  lifting  and  displacing  the  strata,  assumes  no 
sliding  or  wedge-like  protrusion  of  the  solid  granitic  matter  past  the  edges  of  the  rupture  in  the  bedded  rocks, 
but,  recognising  tlie  insej^arable  cohesion  of  the  two,  regards  the  stratified  masses  flanking  the  anticlinal  moun- 
tain as  merely  borne  upward  by  the  uprising  of  the  central  igneous  nucleus.  I  deem  this  notion  to  be  a  much 
truer  picture  of  the  procedure  of  nature ;  for  it  so  far  accords  with  what  we  notice  in  anticlinal  districts  having 
igneous  crests  or  centres,  that  it  represents  the  stratified  rocks  leaning  against  the  walls  of  the  great  granitic 
central  dykes,  at  steeper  and  steeper  angles,  the  higher  we  ascend  towards  the  summits.  It  is  inexact,  however,  in 
picturing  the  granitic  nucleus  of  the  anticlinal  mountain  as  a  wedge  or  broad  prism  tapering  upward,  for 
reasons  already  shown.  Undoubtedly  such  a  mountain  if  we  can  imagine  it  denuded  or  truncated  to  lower  and 
and  lower  levels,  would  disclose  a  progressively  increasing  quantity  of  intrusive  igneous  rock,  but  this  would  be 
in  the  multiplication  of  the  lateral  granitic  injections,  and  it  is  only  in  this  erroneous  sense  that  the  igneous 
nucleus  can  be  regarded  as  a  prism.    Its  cross  section  is  branching  rather  than  wedge-like. 

The  Upward  Movement  of  an  Igneous  Dgke  would  tend  to  Stretch  and  not  to  Corrugate  the  Flexible  Strata. — The 
view  here  admitted  of  the  elevation  of  tlie  igneous  nucleus  of  a  mountain,  along  with  the  strata  which  mantle  it, 
while  it  is  perfectly  compatible  with  the  hypothesis,  to  be  hereafter  advanced,  of  the  origin  of  anticlinals 
generally,  is  wholly  inconsistent  with  the  somewhat  current  notion  of  the  mode  of  origin  of  undulations  and 
plications  in  the  stratified  rocks,  by  pressure  from  the  tangential  horizontal  thrust  of  such  uprising  igneous  axes  : 
so  far  from  its  producing  a  lateral  corrugating  pressure  upon  the  strata  adjoining,  and  resting  against  it,  a  central 
granitic  or  other  igneous  dyke  lifted  vertically  by  one  or  many  successive  movements,  paroxysmal  or  gradual, 
would  rather  stretch  or  distend  the  strata  as  it  carried  them  upward  than  compress  them. 

Theory  of  Upward  Tension  against  Lines  or  Points  of  the  Crust. — Another  common  theory  of  crust-movement 
and  elevation  of  anticlinal  belts  supposes,  vaguely,  an  upward  tension  or  stretching  of  the  cnist  of  the  earth  along 
one  or  several  lines,  or  at  one  or  several  focal  points,  without  attempting  to  account  for  tlie  linear  or  focal  force, 
or  to  assign  a  cause  for  the  restricted  limits  within  which  it  is  assumed  to  act.  This  conception,  though  con- 
fessedly indistinct,  is  frequently  appealed  to  in  explanation  of  the  lifting  of  mountains,  the  corrugation  of  strata, 
and  even  the  formation  of  regular  groups  of  parallel  anticlinal  waves.    I  propose  to  consider  its  weak  points. 

Any  theory  henceforth  admissible  into  physical  geology  must  explain  the  now  clearly-established  general 
fact  of  the  regular  wave-structure  of  the  earth's  disturbed  zones.  But  this  wave-structure  cannot  be  interpreted 
on  the  mere  supposition  of  simply  an  upward  pressure  exerted  either  along  one  or  many  lines.  The  pecuUar 
configuration  of  the  crust-waves,  shown  in  this  paper  to  be  characteristic  of  them  in  all  undulated  regions, 
requires  an  hyiiothesis  which  will  furnish  both  an  undulating  and  a  horizontal  tangential  motion  ;  moreover,  the 
ordinary  doctrine,  if  it  assumes  the  pressure  from  beneath  to  be  exerted  along  a  single  line  at  a  time,  fails 
altogether  to  show  us  how  this  pressure  could  have  shifted  to  new  and  parallel  lines,  or  how  it  could  take  up 
new  positions,  and  exliibit  that  relation  of  relative  distances  constantly  widening,  which  is  seen  in  aU  undulated 
belts.  No  simple  upward  pressure  along  a  line  in  the  crust  could  form  a  defined  or  limited  anticlinal  flexure. 
Whether  the  pressure  were  exerted  by  a  liquid  or  a  solid  subterranean  mass,  it  would  produce  rather  a  wide  general 
moderate  elevation,  than  a  narrow,  sharp,  anticlinal  wave. 
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If,  again,  this  vague  theory  be  modified  to  admit  the  action  of  a  series  of  simultaneous  linear  pressures, 
coincident  with  the  observed  anticlinal  flexures  of  an  undulated  district,  it  is  not  possible  to  understand  why, 
being  contiguous,  they  should  not  all  conspire  to  lift  the  outer  mass  or  crust  into  one  general  bulge  or  broad 
distended  dome,  rather  than  into  a  series  of  alternately  synclinal  and  anticlinal  waves.  In  addition  to  these 
difficulties,  this  notion  of  self-awakened  linear  pressures  contains  no  clear  hypothesis  of  the  origin  of  the  linear 
forces. 

Hypothesis  of  Corrugation  from  Sinking  of  Tracts  of  the  Earth's  Surface. — Another  tlieory  of  the  cause  of 
flexures  in  the  crust  conceives  them  to  have  been  produced  from  a  sinking  of  the  ground  by  removal  of  matter  by 
volcanoes,  or  by  the  contraction  of  argillaceous  rocks  by  heat  and  pressure.  Sir  C.  Lyell,  who  appears  to 
advocate  this  view,  supposes  that  pliable  beds  may,  in  consequence  of  unequal  degrees  of  subsidence,  become 
folded  to  any  amount,  and  have  all  the  appearance  of  having  been  compressed  by  a  lateral  thrust ;  and  the 
creeps  in  coal-mines  are  adduced  as  affording  an  excellent  illustration  of  this  fact.*  With  every  respect  for  this 
eminent  geologist's  ingenious  views,  I  must  confess  that  this  conception  seems  to  me  quite  as  much  beset  with 
difficulties  as  the  somewhat  kindred  theory  of  elevation  and  simple  upward  protrusion.  Apart  from  the  objections 
that  it  supphes  no  cause  for  the  peculiar  shape  of  the  crust-waves,  nor  any  explanation  of  their  parallehsm  and 
their  remarkable  laws  of  gradation,  it  appears  to  me  quite  inadequate  to  account  for  lateral  corrugation  at  all,  or 
for  more  than  a  very  insignificant  amount  of  it.  A  downward  pressure  or  tension  over  a  single  area,  produced 
by  release  of  suppoi-t  arising  from  vacuities  beneath  the  surface,  ought  not  to  engender,  on  any  known  mechanical 
principle,  a  series  of  flexures,  either  within  or  around  the  area,  but  should  result  in  a  mere  subsidence  or 
flattening  of  the  portion  from  whence  the  support  has  been  withdrawn.  If  the  centring  of  a  very  flat  dome,  too 
weak  to  sustain  itself,  be  removed,  the  dome  either  suddenly  collapses  with  a  fracture,  or  it  indents  itself,  and 
sinks  where  it  is  weakest  and  most  yielding,  till  it  meets  the  supporting  floor.  Before  the  wide  nearly  level 
dome  of  a  segment  of  the  earth's  crust  can  corrugate  either  itself  or  the  adjoining  strata,  some  alternate  upward 
and  downward  force  must  undulate  them,  or  they  must  contain  alternate  weak  and  strong  belts,  and  even  then 
these  must  be  somewhat  undulated ;  none  of  which  conditions  the  hypothesis  of  subsidence  is  prepared  to 
supply. 

Hi/pothesis  of  a  simple  Horizontal  Compression. — A  somewhat  favourite  and  familiar  mode  of  accounting  for 
the  undulation  and  pUcation  of  strata,  is  that  which  assumes  them  to  have  been  corrugated  by  a  purely  horizontal 
or  tangential  pressure,  without  elevation  and  without  pulsation  ;  and  this  imagined  mode  of  folding  has  been 
ingeniously  illustrated  by  Sir  James  Hall,  Sir  H.  De  la  Beche,  and  other  geologists,  by  their  placing  flexible 
layers  of  clay,  or  cloth,  or  other  substances,  horizontally  under  a  weight  in  a  trough,  and  forcing  one  or  both  ends 
towards  the  centre,  so  as  to  contract  the  length  of  the  strata,  and  thereby  produce  a  series  of  miniature  plications. 
It  has  been  alleged  that  this  folding  of  the  clay  or  cloth  is  an  exact  imitation  of  the  flexures  of  strata  seen  in 
nature  ;  but  I  must  deny  the  assumed  analogy.  The  plications  thus  produced  are  merely  irregular  contortions  ; 
they  exhibit  no  definite  form  of  curvature,  no  constancy  in  the  direction  of  their  gentler  and  steeper  slopes,  and 
no  law  of  regular  gradation.  Their  anticlinal  and  synclinal  axis-planes,  if  they  can  be  said  to  have  any,  lean 
some  one  way  and  some  another  ;  and  the  flexures,  when  the  crowding  is  great,  have  a  tendency  to  the  horse- 
shoe form,  and  not  to  that  of  waves. 

This  hypothesis  of  corrugation,  while  it  is  erroneous  in  thus  failing  to  present  a  true  representation  of  the  waves 
of  the  crust,  is  also  defective  in  its  mechanical  i^rinciples,  for  it  assigns  no  cause  for  the  origination  of  the  wave- 
structure.  A  purely  lateral  or  horizontal  force  should,  as  already  intimated,  simply  bulge  out  to  a  feeble  extent 
the  whole  compressed  arch,  but  ought  not  of  itself  to  wave  it ;  some  independent  agency,  producing  alternate 
upward  and  downward  flexure,  is  indispensable  to  give  even  the  most  powerful  tangential  pressure  the  ability  to 
plicate  the  flexible  mass.  This  hypothesis  is  furthermore  imperfect  in  not  suggesting  any  cause  in  natme  for 
the  assumed  horizontal  pressure.  It  has  been  already  shown,  when  discussing  the  hypothesis  of  simple  eleva- 
tion, and  of  simple  subsidence  of  areas  of  the  earth's  crust,  that  neither  of  those  movements,  unaccompanied  by 
an  actual  pulsation  of  the  strata,  would  be  competent  to  corrugate  the  crust  at  all ;  the  mere  elevation  of  an 
igneous  axis  having  the  tendency  to  stretch  rather  than  compress  the  adjoining  strata ;  and  the  simple  sinking 
of  an  area,  by  retreat  of  support  beneath,  having  only  the  efi"ect  to  warp  the  surface  irregularly,  but  in  nowise  to 
undulate  it. 

VIEWS  OF  GEOLOGISTS  CONCEENING  CLEAVAGE  AND  FOLIATION. 

Professor  Sedgwick,  as  early  as  1822,  discovered  and  subsequently  publicly  taught  the  true  nature  of  slaty 
cleavage,  distinguishing  it  from  joints,  and  showing  it  to  be  a  tendency  to  sejaaration  in  perfectly  parallel  planes, 
which  are  irrespective  of  the  bedding.  He  ascertained  that  the  slaty  cleavage  is  usually  confined  to  the  finer- 
grained  rocks — alternating  coarser  beds  possessing  it  very  imperfectly — and  laid  it  down  as  a  rule,  that  the 
strike  of  the  cleavage  is  nearly  coincident  with  the  strike  of  the  beds.  He  referred  it  to  crystalline  or  polar 
forces  acting  simultaneously  and  somewhat  uniformly  in  given  directions.  Subsequently,  in  1835,-j-  after 
many  additional  observations  on  the  modifications  of  slaty  cleavage,  he  showed  that  the  mle  admitted  of  manv 


'  See  Lyell's  Elementary  Geolorjy,  5th  edit.,  p.  50. 
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limitations,  which  the  geologist  is  compelled  to  notice  in  working  out  the  structure  of  complicated  districts.  In 
a  recent  publication,  his  Si/nopsis  of  the  Classijication  of  the  British  Palceozoic  Rocks,  he  proves  conclusively  that 
the  cleavage  structure  is  "  the  compound  eli'ect  of  all  the  crystalline  forces  acting  on  the  mass,  and  that  it  cannot 
be  due  to  a  mechanical  action."  In  this  work  he  also  mentions  the  important  fact  of  the  existence  frequently  of 
a  second  cleavage-plane,  generally  inclined  at  a  great  angle  to  the  primary. 

Sir  J.  Herschel  has  suggested  that  the  rocks  possessing  cleavage  may  have  been  so  heated  as  to  allow  a 
commencement  of  crystallisation,  or  lieated  to  a  point  at  which  the  particles  may  have  begun  to  move  among 
themselves,  or  on  their  own  axes  ;  surmising  that  some  general  law  has  determined  the  positions  on  wliich 
the  particles  have  rested  on  cooling,  and  that  this  position  has  had  some  relation  to  the  direction  in  which  the 
heat  escapes.* 

Professor  Phillips  t  has  shown  that,  in  some  slaty  rocks,  fossil  shells  and  trilobites  liave  been  much  distorted 
by  cleavage  ;  and  he  imputes  this  to  a  creeping  movement  of  the  particles  of  the  rocks  along  the  cleavage-j^lanes. 
This  displacement,  uniform  over  the  same  tract  of  country,  he  states  to  be  as  much  as  a  quarter  or  even  half  an 
inch.  Hard  shells  are  not  thus  affected,  but  only  the  thin  ones.  Professor  Phillips,  in  1843,  stated  that  tlie 
cleavage-planes  of  the  slate  rocks  of  North  Wales  are  cleavages  parallel  to  the  main  direction  of  the  great 
anticlinal  axes. 

Mr  Daniel  Sharpe  conceives  that  the  present  distorted  form  of  the  shells  in  certain  slates  has  been  produced 
by  a  compression  in  a  direction  perpendicular  to  the  planes  of  cleavage,  and  an  expansion  in  the  direction  of  the 
cleavage  dip.  J 

He  conceives  that  the  planes  of  cleavage  range  vertically  along  certain  lines  or  belts,  and  dip  towards  those 
lines  on  each  side  of  them ;  those  nearest  the  central  vertical  belts  at  high  angles,  the  angles  gradually 
diminishing  as  the  distance  from  the  vertically-dipping  cleavage  increases.  This  is  his  explanation  of  the  fan- 
like arrangement  of  dip  noticed  in  some  countries.  "  This  regularly-descending  series  of  planes  being  found  on 
each  side  of  parallel  lines  of  vertical  cleavage,  the  two  series  either  meet  in  the  centre  in  a  sort  of  anticlinal  axis, 
or  coalesce  into  an  arch.  The  planes  between  two  lines  of  vertical  cleavage  appear  to  form  a  complete  whole, 
and  the  area  bounded  by  the  vertical  cleavage  may  be  considered  as  belonging  to  one  system  of  cleavage,  and 
may  be  called  an  area  of  elevation  of  the  cleavage."  He  thinks  the  cleavage-planes  are  really  parts  of  great 
cun-es,  which,  if  completed,  would  represent  a  series  of  semi-cylinders  turned  over  a  common  axis. 

Mr  Sharpe  thinks  "  that  there  is  reason  to  believe  that  all  slaty  rocks  have  undergone  a  compression  of  their 
mass  in  a  direction  perpendicular  to  the  planes  of  cleavage,"  connecting  with  this  view  his  supposition  that  the 
cleavage  arrears  are  great  anticlinal  waves.  He  supposes  that  the  compression  of  the  slaty  mass,  and  its  expan- 
sion in  the  direction  of  the  cleavage  dip,  have  been  due  to  the  stretching  of  the  strata  in  the  direction  of  the 
curve  representing  the  cleavage  dips. 

Mr  Charles  Darwin, §  reviewing  his  observations  on  cleavage  in  Soutli  America,  says, — "  The  cleavage 
laminiB  range  over  mde  areas  with  remarkable  uniformity,  being  parallel  in  strike  to  the  main  axes  of  elevation, 
and  generally  to  the  outlines  of  the  coast."  He  recognises  the  fact  that  the  cleavage-planes  frequently  dip  at  a 
high  angle  inwards,  and  he  cites  an  instance  of  cleavage  dip,  in  the  mount  at  Monte  Video,  where  "horublendic 
slate  has  an  E.  and  W.  vertical  cleavage,  with  the  laminae  on  the  N.  and  S.  sides  near  tlie  smnniit  dipping 
inwards,  as  if  the  upper  part  had  expanded  or  bulged  outwards."  Mr  Darwin  first  proposed  the  term  foliation  for 
the  laminpe  in  gneiss  and  other  crystalline  rocks,  or  the  alternating  layers  or  plates  of  different  mineralogical 
composition.  He  pointed  out  the  parallelism  of  the  planes  of  foliation  of  the  mica  schists  and  gneiss  with  the 
planes  of  cleavage  of  the  clay-slate  in  Tierra  del  Fuego  and  Chili,  as  seen  by  him  in  1835.  He  conceives 
that  foliation  may  be  the  extreme  result  of  the  process  of  which  cleavage  is  the  first  effect,  or  that  the  crystalline 
form  may  have  been  most  energetic  in  the  direction  of  cleavage.  He  further  suggests,  "  that  the  planes  of 
cleavage  and  foliation  are  intimately  connected  with  the  planes  of  different  tension  to  which  the  area  was  long 
subjected,  after  the  main  fissures  or  axes  of  upheavement  had  been  formed,  but  before  the  final  cessation  of  all 
molecular  movement,"  "  and  that  this  difference  in  the  tension  might  affect  the  crystalline  and  concretionary 
processes." 

Mr  Sorby,  adopting  the  mechanical  theory  of  cleavage,  maintains  that  it  varies  directly  as  the  mechanical 
changes,  and  inversely  as  the  chemical  (molecular)  changes,  which  the  strata  have  undergone.  He  thinks  he  has 
shown  that  the  cleavage  of  certain  limestones,  microscopically  examined  by  him,  varies  directly  as  the  amoimt  of 
mechanical  compression  to  which  they  have  been  subjected,  and  that  this  compression  was  such  as  would  neces- 
sarily change  the  structure  of  uncleaved  into  cleaved  rock.  He  alleges  "  that  cleaved  limestones  jiossess  no 
crystalline  polarity,"  and  that  in  place  of  crystallisation  producing  slaty  cleavage,  it  has  a  contrary  tendency, 
and,  when  perfect  and  comi)lete,  obliterates  it  altogether.  Mr  Sorby  conceives  that  the  absolute  condensation  of 
the  slate-rocks  amounts,  upon  an  average,  to  about  one-half  of  their  original  volume.il  This  condensation  he 
ascribes  to  the  forcing  together  of  the  particles,  and  the  filling  up  of  their  interstices  by  pressure  perpendicular  to 
the  cleavage,  and  partly  hj  elongation  in  the  direction  of  the  cleavage  dip. 


*  Ltell's  Manual,  p.  610.  -f-  Report,  British  Association,  Cork,  1843.  t  Quarterly  Jour.  Gcol.,  viii.  S7. 

§  See  Geological  Observations  on  South  America.  II  Lyell,  p.  612. 
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Mr  David  Forbes,*  writing  upon  foliation  in  rocks,  leans  to  the  conclusion  that  foliation  is  a  distinct  pheno- 
menon from  cleavage,  and  that  the  causes  producing  them  were  also  distinct.  He  refers  the  foliation  to  chemical 
action,  the  cleavage  to  mechanical  pressure.  He  admits  that  the  planes  of  foliation  and  tliose  of  cleavage  are 
often  parallel  to  one  another.-|-  But  the  parallelism  of  the  foliation  to  the  cleavage  lie  ascribes  to  a  previously 
induced  cleavage-structure  facilitating  crystalline  lamination  in  its  own  planes. 

He  supposes  foliation  to  have  resulted  from  a  chemical  action  combined  with  a  simultaneous  arranging 
moleciilar  force,  developed  at  heats  below  the  semi-fusion  of  the  mass  ;  also  that  the  arrangement  of  foliation  is 
often  due  to  the  proximity  of  igneous  rocks,  and  tends  to  follow  the  direction  of  any  lines  in  the  rocks  where  the 
cleavage  stratification,  or  strice  of  fusion,  follow  preferably  those  lines  offering  least  resistance. 

Examination  of  the  Prevailing  Theories  of  Cleavage  and  Foliation. — From  the  theory  of  the  origin  of  cleavage 
by  mechanical  compression  exerted  perpendicularly  to  the  cleavage-planes,  as  adopted  by  Mr  Sharpe,  Mr  Sorby, 
Mr  David  Forbes,  and  other  geologists,  I  am  constrained  to  dissent,  and  upon  the  following  grounds  : — 

1.  It  has  been  already  shown,  in  the  general  description  of  the  phenomena  of  cleavage,  that  this  tendency  oi 
fissuration  is  stronger  and  weaker  in  alternate  closely  contiguous  planes,  and  is  not  diffused  equally,  even  in  the 
one  direction,  through  the  mass.  Now  it  is  impossible  to  conceive  how  a  pui-ely  mechanical  compression  could 
have  occasioned  a  regular  alternation  of  greater  and  less  condensation  of  particles,  all  equally  free  to  move  and 
adjust  themselves  into  positions  of  Statical  equilibrium,  and  all  equally  subjected  to  the  same  amount  of  force. 
The  well-known  law  of  a  quaquaversal  tension  of  flirids  is  manifestly  applicable  to  partially  soft  and  flexible  rocky 
matter,  if  we  are  to  impute  to  this  an  actual  rotation  of  its  parts,  such  as  the  mechanical  theory  assumes  ;  and  I 
cannot  see  why  one  imiform  condition  of  aggregation  should  not  be  the  result. 

In  partially  metamorphosed  strata,  imbedding  nodules  of  tlint  or  chert,  we  not  unfrequently  find  the  ovoidal 
lumps  all  aiTanged  with  their  larger  diameters  set  in  the  direction  of  the  cleavage,  and  not  in  that  of  the  stratifi- 
cation. An  instance  of  this  structure  has  been  already  alluded  to  in  the  description  of  Fox  Hill,  near  the  Delaware 
Water-Gap  (see  Vol.  I.  p.  285.) 

It  is  impossible  to  conceive  how  these  large,  flatfish,  ovoidal  flints  could  have  had  this  direction  impressed 
upon  them  by  any  mere  mechanical  force.  All  geologists  admit  the  concretionary  origin  of  such  nodules.  Now, 
on  the  hypothesis  of  the  derivation  of  cleavage  from  pressure,  if  they  could  only  have  concreted  before  the  cleavage 
structure  was  imparted  to  the  stratum  enclosing  them,  their  wider  diameters  must  have  been  originally  parallel 
with  the  bedding.  If  so,  the  nodules  could  only  have  acquired  their  new  position  of  jiai  allelism  to  the  cleavage 
which  is  transverse  to  this  bedding,  by  either  a  bodily  rotation,  or  a  plastic  compression  of  their  substance, 
despite  their  intense  rigidity  of  cohesion.  Imbedded  in  a  material  softer  than  themselves,  it  is  obvious  that 
neither  of  these  changes  could  fake  place.  It  is  difficult,  moreover,  to  imagine  how  any  mere  compression  or 
rotation  of  the  individual  nodules  could  have  ranked  them  into  new  planes  transverse  to  the  layers  in  which  they 
were  originally  disposed.  We  know  that  silicious  nodules,  like  the  lumps  of  clay  ironstone  of  the  coal  shales, 
and  indeed  all  similar  concretions,  are  distributed  in  layers  or  courses,  these  layers  marking  the  horizons  where 
the  material  was  originally  in  excess  ;  but  once  formed,  they  could  not  shift  into  new  attitudes  without  a  corre- 
sponding displacement  of  the  strata  imbedding  them.  But  supposing,  for  the  sake  of  argument,  the  nodules  to 
have  been  from  the  first  not  arranged  in  strata,  but  promiscuously  scattered,  no  transverse  pressure  could  even 
then  squeeze  them  into  parallel  and  distant  courses  or  strata. 

2.  In  the  second  place,  it  assigns  no  reason  for  the  presence  of  cleavage-planes  in  fine-grained  argillaceous 
and  calcareous  rocks,  and  their  absence  in  silicious  ones,  both  fine-grained  and  coarse,  even  when  the  two  classes 
alternate  with  each  other  in  intimate  parallel  contact,  where  they  must  have  been  exposed  to  precisely  the  same 
pressure,  both  in  direction  and  in  amount.  In  other  words,  there  is  no  relation  discoverable  between  the  known 
susceptibility  of  different  materials  to  cleavage,  and  their  susceptibility  to  compression.  But,  on  the  other  hand, 
some  of  the  most  compressible  are  the  least  subject  to  this  peculiar  structure.  The  different  susceptibilities  of 
different  kinds  of  mineral  matter  to  molecular  polarity  is,  I  conceive,  the  true  explanation  of  this  marked  contrast 
in  rocks. 

3.  Another  quite  conclusive  objection,  I  conceive,  to  the  pressure  theory  of  cleavage  is,  that  it  fails  to  show 
how  the  cleavage-traversed  strata  can  have  received  the  pressure  in  one  constant  direction,  and  under  an  equalised 
intensity,  through  all  the  contortions  and  bendings  which  we  know  they  must  have  possessed  before  cleavage 
was  imparted  to  them.  It  is  obvious  that  no  mechanical  pressure,  come  from  what  quarter  it  might,  could 
transmit  itself  uniformly  through  convex  and  concave  curves,  through  bodies  of  rock  placed  edgewise  and  flatwise 
towards  it ;  but,  on  the  contrary,  dynamic  considerations  must  convince  us  that  the  resultants  of  such  a  pressure 
would  be  as  various  in  their  directions  within  the  mass,  as  the  ever-changing  planes  of  the  corrugated  stratifica- 
tion. Not  only  would  the  posture  of  the  strata  at  any  point  next  the  qiiarter  of  the  primary  pressure  influence 
the  form  and  direction  of  the  resultant  planes  of  pressure  at  that  point,  but  the  differences  in  pliability  of  the 
different  layers  compressed  would  greatly  modify  them.  In  other  words,  while  the  dip  of  the  cleavage-planes 
within  even  wide  limits  is  usually  remarkably  constant,  whatever  the  contortions  of  the  strata,  any  pressure 

*  See  liis  Paper — Quarterly  Journal  Geological  Society,  1855. 

+  See  his  Paper  for  a  good  figure  of  deflection  of  cleavage  and  foliation  in  the  tuargiu  of  a  veiu  of  quartz. 
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transmitted  through  these  contortions  must  be  as  various,  in  different  portions  of  the  flexures,  as  the  innumerable 
residtants  produced  by  tlie  ever-varying  resistances  and  the  jiressure  combined. 

4.  A  like  difficulty  opposes  itself  to  the  pressure  theory,  in  the  constancy  of  the  direction  of  the  elongation 
or  stretching  of  the  mass  in  the  line  of  its  cleavage  dip.  This  extension,  well  expressed  by  Professor  Phillips  as 
a  "  creeping  movement  of  the  particles,"  seen  not  only  in  the  fibrous  grain  of  cleavage-slates,  but  in  the  distor- 
tion of  imbedded  fossils,  and  of  the  whole  substance  of  the  rock  indeed — ascribed  to  mere  compression  by  the 
authors  above  cited,  but  attributable,  I  think,  to  an  actual  molecular  movement  of  the  mass,  in  obedience  to 
crystallising  polar  forces — is  so  equally  graduated  in  amount,  and  so  wonderfully  constant  in  direction  (never 
deviating  much  from  the  line  of  dij)  of  the  cleavage-plane),  that  it  could  never  have  acquired  this  constancy  from 
a  merely  lateral  mechanical  force,  liable  to  infinite  modification,  in  both  of  these  respects,  by  the  continually 
varymg  resistances  consequent  on  the  contortions  of  the  beds. 

5.  A  further  objection  lies  against  the  pressure  theory,  in  the  contradiction  it  offers  between  the  direction 
which  it  assumes  the  compression  to  have  come  from,  and  the  direction  in  which  we  can  demonstrate  the  strata 
to  have  been  actually  pressed  and  moved.  In  every  district  of  plicated  and  undulated  strata,  it  can  be  shown, 
from  the  shape  of  the  waves,  from  the  declension  in  their  cun-ature  and  height,  from  their  mutual  recession,  from 
abatement  in  all  the  metamorphic  signs  of  igneous  action,  and,  finally,  from  the  direction .  of  the  great  planes  of 
fracture  in  the  crust,  that  the  movement  and  pressure  were  upward  and  forward  from  the  quarter  of  chief  crust- 
disturbance.  Now  it  is  nearly  at  right  angles  to  this  estabhshed  direction  of  the  forces,  that  the  hypothesis  I  am 
reviewing  assumes  a  pressure  to  have  been  applied  to  produce  the  cleavage.  The  planes  of  fissuration  dipping 
inward  towards  the  igneous  side  of  the  belt,  any  cleavage-producing  pressure  to  be  perpendicular  to  these  planes,  as 
the  theory  alleges  it  to  have  been,  must  have  come  either  from  a  point  or  line  elevated  at  least  45°  above  the  earth's 
surface,  or  else  from  a  point  or  region  far  below  the  earth's  crust  on  the  opposite  side,  or  in  the  quarter  where  the 
cleavage  is  absent,  or  is  invariably  the  least  distinct,  and  where  the  flexures  of  the  strata,  and  all  other  evidences 
of  crust-movement,  are  vanishing.  This  is,  I  conceive,  a  dynamic  dilemma  in  which  the  compression  theory  finds 
itself, — either  to  make  the  force  emanate  from  a  quarter  external  to  the  crust  entirely,  or  from  just  that  quarter 
where  we  have  the  fullest  evidence  of  the  absence  of  any  force  at  all.  Thus,  if  the  theory  is  appUed  to  explain 
tlie  South-dipping  cleavage  of  the  Northern  flank  of  the  Alps,  it  implies  either  that  the  pressure  came,  not  from 
within  the  ci-ust  below  the  crest  of  the  chain,  but  from  some  point  in  the  air  high  over  the  summits  of  the  moun- 
tains, or  else  from  some  deep-seated  subterranean  region  far  to  the  North  of  the  Alps,  under  the  undisturbed  planes 
of  Northern  Switzerland  or  Germany.  In  the  case  of  the  Appalachians,  it  requires  that  the  pressure  should  have 
come,  not  from  under  the  convulsed  and  ruptured  legion  of  the  Atlantic  slope,  but  from  some  high  aerial  point 
above  this,  or  else  from  a  spot  diametric  to  it,  deep  vmder  the  plains  of  the  Western  States,  where  neither  cleavage, 
metamoqjiiism  of  any  kind,  nor  undulations  of  the  strata  exist,  to  indicate  the  former  presence  of  any  compres- 
sing force  at  all. — (See  Sectio7is  of  the  Appalachians  and  Alps,  figs.  706  and  714.) 

6.  Besides  this  general  difficulty,  I  have  a  special  one  to  offer  connected  with  the  laws  of  cleavage  dip.  This 
applies  not  only  to  the  theoretical  generalisation  of  Mr  Daniel  Sharpe  respecting  the  relations  of  the  cleavage- 
planes  to  each  other  in  different  parts  of  a  zone  of  slaty  cleavage,  but  to  tlie  observations  upon  which  his  general- 
isation has  been  built.  His  sections  of  the  cleavage  in  North  Wales  and  elsewhere  represent  it  as  perpendicular 
or  steepest  in  the  belts  of  maximum  igneous  action,  and  flattest  in  the  regions  most  remote  from  these,  where  he 
places  the  anticlinal  axes  of  his  cleavage-curves.  Now,  just  the  reverse  of  this  steepening  of  the  cleavage  planes 
towards  the  regions  of  chief  metamorphism  wiU  be  found  to  be  the  real  law  of  gradation  in  the  Appalachians,  the 
Alps,  and  the  district  of  the  Ardennes  and  Southern  Belgium.  Obedient  to  a  law  already  explained,  the  cleavage 
dip,  following  the  dip  of  the  axis- planes  of  the  flexures,  is  not  most  but  least  inclined  in  the  districts  most  con- 
vulsed, and  grows  progressively  steeper  as  we  advance  across  the  undulations  to  the  districts  of  minimum  dis- 
turbance. In  the  Alps  the  plications  lie  flattest  next  the  high  central  crests  of  the  chain,  and  there  the  cleavage 
dip  is  often  at  a  very  low  angle ;  but  receding  towards  the  plain  of  Switzerland,  where  the  theoretical  view 
requires  that  it  should  be  flatter,  it  is  really  steeper,  and  even  approaches  to  perpendicularity :  and  precisely 
analogous  is  the  gradation  when  we  cross  the  Appalachians  from  S.E.  to  N.W.  Generalising  the  dips  of  the 
cleavage-planes  on  both  sides  of  a  double  belt  of  flexures  like  that  of  the  Alps,  and  excluding  the  central  crests, 
where  the  -jointage  of  the  igneous  rocks  and  the  clea\Tige  structure  impressed  by  them  is  more  vertical,  the 
real  curve  of  dip  for  the  whole  zone  will  be  found  to  be  a  synclinal  one,  and  not  the  two  halves  of  two  anticlinals, 
the  generating  axes  of  which  are  far  outside  the  chain — one  in  the  j)lain  of  Switzerland,  the  other  in  the  i)lain  of 
Northern  Italy. 

I  am  much  gratified  to  find  that  my  objections  to  the  mechanical  theory  of  cleavage  find  support  in  the  able 
writings  of  Professor  Sedgwick,  who,  in  a  note  in  his  "  Synopsis,"  states  several  cogent  reasons  for  rejecting  the 
hypothesis.  While  some  of  my  own  objections  are  but  an  expansion  of  those  presented  by  this  eminent  geologist, 
others  are  independent  of  his,  growing  out  of  my  own  observations.  This  accordance  gives  me  additional  confi- 
dence in  the  soundness  of  the  generalisations  upon  which  they  rest. 
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Theory  of  the  Flexure  and  Elevation  of  Undulated  Strata. — The  wave-like  stiuctiire  of  the  Appalachians  and 
other  undulated  zones  has  been  attributed  by  the  Author  and  his  brother,  Prof.  W.  B.  Rogers,  in  their  connnunica- 
tions  to  the  American  Association  in  1842,  and  to  the  British  Association  in  the  same  year,  to  an  actual  undulation 
of  the  siipposed  flexible  crust  of  the  earth,  exerted  in  parallel  lines,  and  propagated  in  the  manner  of  a  horizontal 
pulsation  from  the  liquid  interior  of  the  globe.  We  suppose  the  strata  of  such  a  region  to  have  been  subjected  to 
excessive  upward  tension,  arising  from  the  expansion  of  molten  matter  and  gaseous  vapours,  the  tension  relieved 
by  linear  fissures,  tlu-ough  which  much  elastic  vapour  escaped,  the  sudden  release  of  pressure  adjacent  to  the 
lines  of  fracture  producing  violent  pulsations  on  the  surface  of  the  liquid  below.  This  oscillating  movement  in 
the  fluid  mass  beneath  would  communicate  a  series  of  temporary  flexures  to  the  overlying  crust,  and  these  flexures 
would  be  rendered  permanent  (or  keyed  into  the  forms  they  present)  by  the  intrusion  of  molten  matter.  If, 
during  this  oscillation,  we  conceive  the  whole  heaving  tract  to  have  been  shoved  (or  floated)  bodily  fonvard  in 
the  direction  of  the  advancing  waves,  the  union  of  this  tangential  with  the  vertical  wave-like  movement  will 
explain  the  peculiar  steepening  of  the  front  side  of  each  flexure,  while  a  repetition  of  similar  operations  will 
account  for  the  folding  under,  or  inversion,  visible  in  the  more  compressed  districts.  We  think  that  no  purely 
upward  or  vertical  force,  exerted  either  simultaneously  or  successively  along  parallel  lines,  could  produce  a  series 
of  symmetrical  flexures,  and  that  a  tangential  pressure,  unaccompanied  by  a  vertical  force,  would  result  only  in 
an  imperceptible  bulging  of  the  whole  region,  or  an  irregular  plication  dependent  on  local  inequalities  in  the 
amount  of  the  resistance.  The  alternate  upward  and  downward  movement  necessary  to  enable  a  tangential  force 
to  bend  the  strata  into  a  series  of  regular  parallel  subsiding  flexures  has  been,  we  conceive,  of  the  nature  of  a 
pulsation,  such  as  would  arise  from  a  succession  of  actual  waves  rolling  in  a  given  direction  beneath  the  earth's 
crust.  It  is  difficult  to  account  for  the  phenomena  by  any  hypothesis  of  a  gradual  prolonged  pressure  exerted 
either  vertically  or  horizontally.  And,  further,  the  formation  of  the  grand  yet  simple  flexures  so  frequently  met 
with  cannot  be  explained  by  a  repetition  of  feeble  tangential  movements,  since  these  could  not  successively 
accord  either  in  their  direction  or  in  their  amount ;  nor  can  it  by  a  repetition  of  merely  vertical  pressures,  for 
it  is  impossible  to  suppose  that  these  could,  without  some  undulating  action,  shift  their  positions  throirgh  a 
series  of  symmetrically-disposed  parallel  lines.  We  find  it  equally  impossible  to  understand  how,  if  feeble  and 
often  repeated,  these  vertical  pressures  should  always  return  to  the  same  lines  to  produce  the  conspicuous  flexures 
we  behold.  The  oscillations  of  the  crust  to  which  the  undulations  of  the  strata  are  attributed  have  been,  we 
conceive,  of  the  nature  of  the  earthquakes  of  the  present  day.  Earthquakes  consist,  as  we  think  we  have  demon- 
strated, of  a  true  pulsation  of  the  flexible  crust  of  the  globe,  propelled  in  j^arallel  low  waves  of  great  length  and 
amplitude  with  prodigious  velocity,  from  lines  of  fracture,  either  conspicuous  volcanic  axes,  or  half-concealed 
deep-seated  fissures,  in  the  outer  envelope  of  the  planet. 

Theory  of  Cleavage  Structure. — Concerning  the  cause  of  slaty  cleavage,  I  have  adopted  the  explanation  origin- 
ally proposed  by  Professor  Sedgwick,  that  it  is  due  to  crystalline  or  polar  forces,  acting  simultaneously  and 
somewhat  uniformly  in  given  directions  on  large  masses  having  a  homogeneous  composition.  And  following  up 
the  further  suggestion  in  extension  of  this  idea,  ingeniously  proposed  by  Sir  John  Herschel,  that  this  molecular 
force  was  of  the  nature  of  an  incipient  crystallisation,  and  has  been  developed  in  the  particles,  by  their  being 
heated  to  a  point  at  which  they  could  begin  to  move  among  themselves,  or  upon  their  own  axes,  I  have 
endeavoured  to  show,  that  whether  the  cleavage-traversed  strata  have  been  much  disturbed  or  not,  the  cleavage 
planes  invariably  approximate  to  parallelism  with  those  great  planes  in  the  crust  which  appear  to  have  been  the 
planes  of  maximum  temperature.  It  has  been  already  stated  that  the  cleavage  dip  ig  parallel  to  the  average  dip 
of  the  anticlinal  and  synclinal  axis-planes,  or  those  bisecting  the  flexures.  Now,  it  is  easy  to  prove  that  these 
axis-planes,  and  the  inverted  pai-ts  of  the  flexures,  are  just  those  portions  where  the  greatest  wrenching,  fissur- 
ing,  and  opening  of  the  strata  must  have  occurred,  and  where  the  highly-heated  pent-up  volcanic  steam  and 
gases,  and  liquid  mineral  matter,  must  have  found  their  chief  channels  upwards  to  the  surface. 

Without  attempting  at  present  to  apply  this  doctrine  in  detail,  I  will  content  myself  with  reviving  a  sug- 
gestion I  formerly  put  forth,  that  every  plicated  belt  of  strata  may  be  looked  upon  as  having,  from  the  causes  here 
adverted  to,  become  traversed,  at  the  time  of  their  folding  and  metamorphism,  by  a  series  of  alternate  hotter  and 
cooler  parallel  planes  or  zones  of  temperature,  arranged  in  oblique  dip,  coincident  approximately  with  the  axis- 
planes  of  the  flexures.  These  planes  or  surfaces  of  high  temperature  we  may  suppose  to  have  acted  to  polarise 
the  particles  in  corresponding  planes,  by  transmitting  through  the  half-softened  mass  a  succession  of  j^arallel 
waves  of  heat,  stimulating  the  molecular  crystallising  forces  which  are  ever  resident  in  mineral  matter,  and  whicli 
only  await  there  the  quickening  influence  of  such  a  temperature  to  develope  in  the  mass  special  lines  and  surfaces 
of  maximum  and  minimum  cohesion. 

This  conception,  that  the  surfaces  or  planes  of  crystalline  lamination,  including  cleavage,  which  is  but  a  lower 
grade  of  the  same  species  of  molecular  metamorphism,  are  approximately  parallel  to  the  surfeces  of  the  waves  of 
temperature  which  have  moved  through  the  strata,  is  not  a  mere  hypothetical  speculation,  but  an  induction  at 
which  I  have  arrived  from  a  comparison  of  many  observations  of  my  own  with  phenomena  well  recorded  bv  the 
ablest  geologists.    Nearly  all  observers  who  have  noted  the  influence  of  igneous  dykes  and  veins  upon  the  strata 
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adjoining  them,  both  in  mines  and  external  exposures,  have  seen  a  more  or  less  distinct  lamination  or  cleavage 
adjoining  the  walls  of  the  once  heated  mineral  matter,  and  have  been  struck  by  its  very  general  parallelism  to  the 
surface  or  the  axis  of  the  vein.    Cases  occur  in  strata  of  all  ages,  and  are  frequently  brought  to  light  in  coal-fields, 

when  nearly  A'ertical  dykes  cutting  low-dipping  or  horizontal  shales, 
susceptible  of  the  cleavage  metamorphism,  have  occasioned  in  the  latter 
a  true  cleavage  perpendicular  to  the  stratification,  or  parallel,  more 
strictly  speaking,  with  the  once  hot  surface  of  the  intrusive  rock. 

Other  instances  are  often  presented  of  masses  of  supenncumbent 
ti  ap-rock,  baking  and  altering  argillaceous  and  other  strata,  in  which  a 
like  law  of  parallelism  of  the  cleavage  to  the  heat-imparting  surface  of 
the  molten  matter  is  shown  in  the  horizontality  of  the  cleavage-planes, 
whatever  be  the  dip  of  the  strata.  Numerous  examples  can  be  cited, 
where  one  igneous  dyke  cutting  another,  or  traversing  a  mass  of  earlier 
Plutonic  rock,  produces  in  the  latter  a  crystalline  grain,  amounting  to  a  sort  of  cleavage,  adjoining  the  bounding 
surfaces  of  the  newer  injection,  and  in  planes  invariably  parallel,  or  nearly  so,  to  the  walls  of  the  fissure.  A 

similar  fact  of  the  occurrence  of  a  cleavaare 


Fig.  718. — Cleavage  in  Red  Shale,  caused  by  a 
Trap-dyke  parallel  to  its  walls,  near  New 
Hope,  Pennsylvania.* 


Fig.  719. — Cleavage  superinduced  by  a  Trap-dyke  in  Red  Argillaceous  Sandstone 
of  Jurassic  (?)  age,  W.  of  Gettysburg,  Pennsylvania. 


parallel  to  the  walls  of  highly -heated  fissures, 
may  be  seen  in  the  faults  and  great  disloca- 
tions which  traverse  some  parts  of  the  an- 
thracite coal-basins  of  Pennsylvania.  Here 
the  greatly  indurated  argillaceous  shales, 
and  even  sometimes  the  coal  itself,  cUsplay 
a  cleavage-sti-ucture  im-aiiably  parallel  to 
the  general  plane  of  the  fracture.  Such 
fissures  would  be  the  natural  channels  through 
which  heated  volcanic  steam  would  ascend 
from  the  interior,  and  the  action  of  this  upon 
the  strata  most  susceptible  of  cleavage  would  be  precisely  analogous  to  tliat  of  a  molten  dyke,  in  transmitting  a 
wave  of  heat  perpendicular  to  its  surface,  partially  softening  and  half  polarising  the  matter  as  it  passed. 
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1.  Wave-like  form  of  all  belts  of  iqjUf  ted  strata.  , 
a.  It  is  a  general  fact  that  strata  dip  in  curved  and  not  in  straight  planes.  1 
h.  Wherever  wide  areas  of  the  crust  have  been  elevated  or  depressed  from  the  level  at  which  I 

their  strata  were  deposited,  these  strata  will  be  found,  except  where  their  dip  is  disordered 

by  crust-dislocations,  to  constitute,  in  their  varying  angles  of  dip,  one  or  more  wide  regular  | 

curves.  I 

2.  Parallelism  of  crust-undulations.  \ 
a.  It  is  another  general  fact,  that  these  undulations  of  the  strata  are  in  the  form  of  long 

parallel  waves,  resembling  much  those  great  continuous  billows  called  in  d}Tiamics  "  waves  of 
translation,"  and  by  seamen  "  rollers." 

3.  Relations  of  flexures.  \ 
a.  Parallelism  of  the  waves  to  the  general  trend  of  the  part  of  the  mountain  system  to  which  | 

they  belong,  and  especially  to  its  chief  igneous  axis. 
h.  Parallelism  of  flexures  extends  not  only  to  adjacent  individual  waves,  but  to  contiguous 

groups,  and  is  as  true  of  curvilinear  as  of  straight  ones.  i 

i 

*  There  is  a  similar  instance  cited  by  Professor  Phillips,  I  think,  in  his  Geology  of  Yorkshire. 
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c.  The  waves  of  the  strata  are  generally  of  two  or  three  grades  of  magnitude,  as  respects  their 
length,  height,  and  amplitude,  and  while  those  of  the  same  grade  are  parallel,  the  different 
grades  are  not  necessarily  so. 

4.  Lcms  of  for  m  and  gradation  of  waves. 

There  are  three  characteristic  forms  of  crust- waves  :  symmetrical  flexures,  equally  steep  on  the 
two  slopes  ;  normal  flexures,  curving  more  rapidly  on  one  side  than  on  the  other  ;  and  folded 
flexures,  or  those  with  a  doubling  under  of  their  more  incurved  slopes,  and  among  which 
the  steepest  slopes  are  generally  directed  to  the  same  quarter. 

The  geometric  planes  bisecting  the  anticlinal  and  synclinal  bends  of  the  strata,  here  called 
axis-planes,  are  nearly  perpendicular  in  the  symmetrical  waves,  but  inclined  in  the  other 
two  classes,  dipping  at  the  lowest  angle  in  the  folded  flexures.  In  many  belts  the  plication 
is  such  as  to  amount  to  parallelism  of  all  the  inverted  to  the  uninverted  sides  of  the  waves. 

Some  waves  are  straight,  some  curvilinear  and  crescent-shaped,  and  many  of  them  ex- 
tremely regular,  changing  their  trend  40°  or  even  50°.  The  curvilinear  ones  convex  from 
the  disturbed  sides  of  the  zones,  are  generally  more  regular  than  those  which  are  convex 
towards  them. 

• 

5.  Gradations  in  flexures.  . 

a.  In  all  undulated  zones,  the  succession,  starting  from  the  most  disturbed  side,  is  invariably 
from  the  folded  waves  to  the  unequally  sloping  or  normal  ones,  and  from  these  to  the  equally 
sloping  or  symmetrical. 

b.  The  waves  grow  progressively  wider  apart,  or  increase  their  amplitude,  as  they  pass  from 
the  folded  to  the  equally  sloping  form. 

c.  The  waves  progressively  flatten  down  as  they  recede  from  the  folded  side  of  the  belt. 

d.  The  axis-planes  of  the  flexures  of  any  great  undulated  zone  all  incline  towards  the  same 
quarter,  that  of  maximum  disturbance,  the  angle  of  inclination  being  less  the  nearer  the 
wave  or  plication  is  to  that  side. 

6.  Fractures  or  faults. 

In  undulated  districts,  the  dislocations  are  of  two  kinds  :  (1.)  Numerous  short  ones,  transverse 
to  the  strike  of  the  axes,  and  shifting  the  strata  to  but  a  trivial  extent ;  (2.)  longitudinal 
ones,  fewer  in  number,  of  great  length,  and  producing  often  great  displacement. 

The  longitudinal  faults  very  generally  dip  towards  the  same  quarter  as  the  axis-planes  ; 
indeed,  they  are  either  ruptures  in  the  axis-planes  of  the  flexures  or  in  the  steep  or  inverted 
sides  of  the  waves. 

This  slanting  of  the  plane  of  dislocation  parallel  with  the  leaning  of  the  wave,  causes  the 
newer  or  upper  formations,  on  the  inverted  side,  to  dip  under  the  older  or  lower  on  the  un- 
inverted side  of  the  flexure  or  the  fault,  for  almost  always  the  uninverted  side  has  been 
shoved  forward  and  upward  across  the  inverted. 

Some  undulated  belts  are  single,  or  have  all  the  axis-planes  of  the  flexures  dipping  to  one 
quarter,  as  the  Appalachians  and  the  zone  of  Southern  Belgium.  Others  are  double,  or 
consist  of  two  such  zones,  both  dipping  inwards  towards  one  central  line  of  chief  igneous 
VOL.  II.  5  z 


9U 


GENERAL  RESUME. 


disturbance,  and  these  latter  present  in  this  inward  general  leaning  a  fan-like  structure,  as 
in  the  Alps. 

7.  Phenomena  of  slaty  cleavage. 

a.  The  cleavage  dip  is  indej)endent  of  the  dip  of  the  strata  ;  and  still  more  remarkably,  the 
cleavage-planes  of  a  district  are  generally  parallel  to  the  axis-planes  of  its  flexures. 

h.  Immediately  within  the  anticlinal  and  synclinal  axes,  the  cleavage-planes  depart  from  their 
parallelism  to  the  axis-planes  and  dip  inwards  towards  them  in  a  kind  of  fan-like  arrangement. 

f.  The  cleavage  is  only  present  where  the  rocks  consist  of  certain  materials,  abounding  most 
where  they  are  most  argillaceous  and  of  finest  texture,  disappearing  and  reappearing  with 
changes  in  the  composition  of  the  strata,  even  where  these  closely  alternate. 

(/.  In  such  groups  of  alternating  cleavable  and  non-cleavable  beds  the  cleavage-planes  curve 
from  the  normal  dip  they  possess,  to  approach  to  a  parallelism  with  the  planes  of  separation 
of  the  strata  as  they  near  their  surfaces. 

e.  The  cleavage  susceptibility  is  alternately  greater  and  less  in  closely-adjacent  parallel  planes. 
The  ribbon  structure  of  glaciers  is  probably  analogous  to  the  cleavage  structure  of  argilla- 
ceous rocks. 

8.  Foliation. 

In  districts  of  crystalline,  metamorphic,  or  gneissic  strata,  not  much  disturbed  or  corrugated, 
the  foliation  generally  coincides  with  the  stratification.  In  regions  much  corrugated,  the 
foliation,  on  the  contrary,  is  often  at  a  steep  angle  to  the  stratification,  and  shows  a 
tendency  to  dip,  as  cleavage  does,  parallel  to  the  axis-planes  of  the  flexures.  Generally  the 
direction  of  the  foliation  appears  to  conform  to  that  which  the  waves  of  heat  metamor- 
phosing the  rocks  would  take  in  slowly  flowing  through  them. 

9.  Theories  of  elevation. 

a.  A  common  hypothesis  of  the  cause  of  the  elevation  of  strata  is  that  of  a  wedge-like  intru- 
sion of  melted  matter.  But  this  implies  a  function  in  semifluid  or  fluid  matter  incompa- 
tible with  the  dynamic  properties  of  liquids.  Some  force  must  have  first  cracked  the 
strata  before  the  molten  rock  could  insert  itself.  Veins  and  dykes  tapering  upward  do  not 
belong  to  lines  of  anticlinal  elevation,  where  geologists  so  frequently  indicate  them,  but  to 
synclinals  or  concave  curves. 

h.  The  kindred  idea  of  the  intrusion  of  igneous  rocks  in  solid  wedges  separating  and  lifting 
the  crust  is  also  at  variance  with  sound  mechanical  laws.  To  exert  this  lifting  and  thrust- 
ing force,  the  assumed  wedges  must  have  moved  freely  through  the  fissures  they  fill ;  but 
we  see  no  proofs  of  discontinuity  between  the  igneous  and  stratified  rocks,  but  only  e\adences 
of  the  closest  cohesion. 

c.  A  modified  view  of  the  wedging  up  of  the  flexible  strata,  conceives  them  to  have  been 
simply  carried  up  by  the  lifting  of  the  igneous  nucleus.  Such  movements  have  no  doubt 
occurred,  and  have  served  to  steepen  the  strata  leaning  against  the  igneous  rocks,  but  they 
cannot  have  corrugated  the  strata,  which  would  be  rather  stretched  than  compressed  by 
the  elevation. 
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d.  The  hypothesis  of  a  simple  upward  pressure  at  points  or  lines  in  the  crust,  which  does  not 
include  an  explanation  of  the  wave  structure  of  disturbed  districts,  cannot  be  a  true  theory  ; 
it  must  show  how  the  pressures  have  shifted  to  new  and  parallel  lines,  and  lines  constantly 
receding ;  and  also  show  why,  if  the  linear  pressures  were  simultaneous,  they  should  not 
have  produced  a  wide  general  arching,  rather  than  a  series  of  contiguous  sharp  waves. 

€.  The  hypothesis  of  the  origin  of  flexures  from  a  sinking  of  the  ground  by  removal  of  vol- 
canic matter  beneath  it,  supplies  no  explanation  of  the  origin  of  zones  of  regular  undula- 
tions. The  sinking  of  any  weak  segment  of  the  earth's  crust  might  produce  a  trivial  general 
warping,  but  not  a  belt  of  waves. 

f.  The  hypothesis  of  a  simple  lateral  or  horizontal  compression,  illustrated  by  the  folding  of 
layers  of  any  flexible  material  squeezed  edgewise,  and  kept  down  by  a  weight,  is  open  to 
the  objection  that  this  mode  of  folding  ofi'ers  no  true  analogy  to  the  great  symmetrical 
parallel  flexures  met  with  in  nature.  Flexures  thus  artificially  produced,  show  neither  the 
forms  nor  the  gradations  characteristic  of  the  crust-waves.  A  purely  tangential  force  would 
cause  the  district  within  its  influence  to  bulge  slightly  upward,  but  not  to  corrugate  into 
regular  undulations,  and  it  fails  to  find  an  origin  for  a  pressure  in  the  direction  assumed. 

1 0.  Theories  of  cleavage  and  foliation. 

a.  The  prevailing  notions  of  geologists  respecting  the  origin  of  cleavage  and  foliation  are,  on 
the  one  hand,  that  they  have  been  produced  by  different  intensities  of  molecular  crystallising 
polarities,  excited  by  heat  operating  in  a  definite  direction  ;  on  the  other  hand,  that  they  have 
been  caused  by  mechanical  compression  of  the  strata  applied  perpendicularly  to  the  cleavage 
and  foliation  planes. 

h.  One  main  objection  to  the  pressure  hypothesis  is,  that  it  does  not  account  for  the  existence 
of  planes  of  alternately  stronger  and  weaker  cohesion. 

c.  Another  difficulty  is,  that  it  fails  to  explain  the  dependence  of  cleavage  upon  the  texture 
of  the  rock,  especially  its  chemical  nature,  and  particularly  where  cleavable  and  non-cleav- 
able  strata  alternate  in  close  contact. 

d.  A  third  important  objection  exists  in  tbe  dynamic  difficulty,  that  the  cleavage  is  nearly 
parallel  and  constant  in  its  dip,  despite  the  inequalities  which  a  lateral  pressure  should 
undergo  in  its  transmission  through  all  the  contortions  and  various  postures  prevailing  in 
the  strata. 

e.  A  fourth  difficulty,  analogous  to  the  last,  is  presented  by  the  constancy  in  the  amount  and 
direction  of  the  elongation  or  creep  of  the  cleavage  rocks  in  the  direction  of  their  cleavage 
dip  ;  a  constancy  not  compatible  with  the  ever- varying  tension  which  the  flexures  and 
bendings  of  the  strata  would  occasion. 

f.  An  additional  objection  presents  itself,  in  the  direction  of  the  pressure  implied  by  the 
theory,  which,  assuming  the  force  to  have  been  perpendicular  to  the  cleavage-planes,  implies 
it  to  have  come  either  from  a  source  above  the  earth's  surface,  on  the  side  towards  which 
the  cleavage-planes  are  dipping,  or  from  a  source  far  beneath  the  crust,  in  that  quarter 
where  invariably  the  cleavage  and  all  other  symptoms  of  metamorpliism  are  least  abundant, 
or  entirely  wanting. 

g.  Still  another  important  objection  arises,  in  the  contradiction  exhibited  between  the  law  of 
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gradation  in  the  steepening  of  the  cleavage  dip  demanded  by  the  theory,  or  one  form  of  it, 
and  the  actual  law  of  the  gradation  of  this  dip  witnessed  in  all  districts  of  regular  crust-plica- 
tions. The  theory  represents  the  cleavage  dip  as  growing  progressively  steeper  the  nearer 
it  is  to  the  lines  of  greatest  igneous  action  ;  the  facts  in  nature  show  that  the  cleavage,  the 
foliation,  and  the  axis-planes  of  the  flexures,  with  which  these  are  approximately  parallel, 
grow  progressively  steeper  the  farther  they  recede  from  those  lines  of  maximum  energy. 

Concluding  theoretical  views. 
The  wave-like  structure  of  undulated  belts  of  the  earth's  crust  is  attributed  to  an  actual 
pulsation  in  the  fluid  matter  beneath  the  crust,  propagated  in  the  manner  of  great  waves  of 
translation  from  enormous  ruptures  occasioned  by  the  tension  of  elastic  matter.  The  forms 
of  the  waves,  the  close  plication  of  the  strata,  and  the  permanent  bracing  of  the  flexures,  are 
ascribed  to  the  combination  of  an  undulating  and  a  tangential  movement,  accompanied  by 
an  injection  of  igneous  veins  and  dykes  into  the  rents  occasioned  by  the  bendings. 

This  oscillation  of  the  crust,  producing  an  actual  floating  forward  of  the  rocky  part,  has 
been,  it  is  conceived,  of  the  nature  of  that  pulsation  which  attends  all  great  earthquakes  at 
the  present  day. 

11.  Theory  of  Cleavage. 

The  cleavage-planes  having  been  shown  to  be  parallel  to  the  axis-planes  of  the  flexures,  and 
locally  to  the  planes  of  the  great  faults,  and  these  being  obviously  the  belts  of  maximum 
temperature  in  a  phcated  district,  it  is  suggested  that  both  cleavage  and  foliation  are  due 
to  the  parallel  transmission  of  planes  or  waves  of  heat,  awakening  the  molecular  forces,  and 
determining  their  direction. 


CLASSIFICATION  OF  THE  SEVERAL  TYPES  OF  OROGRAPHIC  STRUCTURE  VISIBLE 
IN  THE  APPALACHIANS  AND  OTHER  UNDULATED  MOUNTAIN-CHAINS. 


FEATUEES  OF  GENERAL  EEOSION. 

I.— EEOSION  OF  HORIZONTAL  STRATA. 

Various  circumstances  have  infiuenced  the  erosion  of  even  horizontal  or  approximately 
horizontal  strata,  and  consequently  the  features  of  their  denudation  are  somewhat  diversified. 
The  smaller  or  more  local  ones  will  be  considered  under  a  separate  head,  and  I  shall  here  allude 
only  to  the  wider  and  more  conspicuous  ones.  These  belong  chiefly  to  the  edges  or  level  outcrops 
of  the  strata  ;  for  where  the  deposits  of  a  region  are  very  nearly  horizontal,  no  striking  changes 
of  slope  or  scenery  on  a  large  scale  can  arise  on  the  level  plain  or  surface  of  the  formations,  but 
only  where  their  edges  are  exposed.  This  exposure  may  result  either  from  a  descent  in  the 
surface  of  the  country  intersecting  strata  absolutely  level,  or  from  a  slight  inclination  or  dip  in 
the  strata  themselves,  the  ground  remaining  at  one  general  height  above  the  sea  ;  or  it  may  arise 
from  both  combined — a  sloping  surface  and  a  gentle  dip. 

The  prominent  phenomena  of  wide  erosion  under  these  conditions  depend  on  a  diversity  in 
the  cohesion  of  the  strata,  enabling  some  of  the  beds,  when  cut  into  and  exposed,  to  resist  the 
destruction  to  which  others  readily  yield.  The  essential  structure  resulting  from  a  general  and 
deeply-penetrating  erosion,  of  an  alternating  series  of  firm  and  incohering  beds,  is  that  of  a 
succession  of  terraces,  or  of  plains  terminating  by  abrupt  slopes  or  escarpments — the  width  of  the 
terraces  and  the  height  and  contour  of  the  escarpments  being  controlled  by  the  relative  thicknesses 
of  the  strata,  by  their  departure  from  horizontality,  and  by  the  greater  or  less  general  slope  of 
the  country.  Wherever  the  stratification  is  very  nearly  level,  and  the  softer  groups  of  strata 
much  exceed  the  harder  shelf-forming  ones  in  thickness,  the  plains  are  broad  between  the 
successive  escarpments,  unless,  indeed,  a  deep  valley  or  denuded  plain  cuts  ofi"  the  whole  series, 
and  gives  it  the  external  structure  of  an  elevated  terraced  plateau.  Even  in  this  case,  the  terraces 
which  bound  the  plateau  are  comparatively  wide.  If,  on  the  contrary,  the  softer  members  are 
thin  in  proportion  to  the  harder,  and  the  other  conditions  are  the  same,  the  individual  terraces 
are  narrow;  and  if  the  entire  series  stands  out  as  a  plateau  above  a  lower  adjacent  country,  its 
general  escarpment  is  necessarily  steeper. 

I  proceed  to  illustrate  the  several  varieties  of  Terraces  and  Terraced  Plains. 

a.  Where  each  'principal  Stratum  is  Homogeneous  as  respects  its  Hardness  or  Softness. 
Not  only  is  a  certain  extent  of  contrast  in  hardness  and  softness  in  the  alternating  strata  essential  for  the 
production  of  prominent  features  of  escarpment  and  of  level  terrace,  but  a  very  considerable  degree  of  uniformity  in 
composition  throughout  each  member  is  no  less  important.  Where  these  two  conditions  prevail  in  a  high  degree, 
the  surface  of  each  terrace  or  plain  is  level  and  uniform,  and  its  edge  or  escarpment  precipitous  and  bold  ;  but  where 
the  individual  strata  are  neither  homogeneous  in  themselves  nor  much  unlike  each  other  in  degree  of  hardness  or 
cohesion  of  their  particles,  the  surface  will  be  uneven,  and  will  form  a  sloping  plain,  and  their  edges  will  produce  only 
slanting  and  more  or  less  faintly-benched  hill-sides. 
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1.  Plateaus  ivith  Simple  Escarpments. — These  occur  where  there  are  but  two  strata,  and  the  upper  oue  is  much  the 
harder.  The  greater  or  less  degree  of  precipitousness  iu  the  edge  of  the  plateau  or  terrace  will  depend,  as  we  have 
seen,  upon  both  the  relations  of  thickness  aud  of  hardness  in  the  two  masses.  But  peculiarities  of  rock-.sti-uct\ire,  such 
as  the  presence  or  absence  of  great  joints,  likewise  exert  an  important  influence  in  deciding  the  steepness  and  form  of 
the  escarpment.  We  must  also  infer  that,  all  these  elements  being  the  same,  there  will  arise  a  marked  diversity  in 
ruggedness  or  softness  of  outline,  as  the  stratum  may  have  been  cut  by  violently-moving  heavy  currents  of  water,  or 
may  have  been  more  gently  washed  and  worn  by  thin  and  feeble  ones. 

The  annexed  section  of  the  cliffs  of  the  gorge  of  the  Niagara  River  at  and  below  the  cataract  will  illustrate  the 
escarpments  of  this  class,  where  jointage  in  the  upper  rock  conspires  with  its  greatly  superior  hardness  under  erosion, 

to  impart  the  character  of  a  cliff  or 
precipice. — (Fig.  720.) 

2.  Plateaus  with  Complex  Escarp- 
ments.— This  feature  iu  the  edges  of 
plateaus  occurs  where  there  are  four 
or  more  chief  beds  alternating  in 
composition  and  hardness,  and  where 
the  lowest  of  the  softer  masses  aud  the  iippermost  of  the  hardest  are  comparatively  thick.  Under  these  conditions 
the  one  or  more  subordinate  terraces  or  shelves  on  the  face  of  the  slope  cannot  be  wide,  and  the  whole  descent  from 
the  upper  to  the  lower  plain  has  the  structure  of  two  or  three  majestic  steps  or  platforms. 

Such  are  the  features  of  the  mountain  ridge  or  terrace  south  of  Lake  Ontario  in  Western  New  York  and  Upper 
Canada,  a  profile  of  which  is  here  appended. — (Fig.  721.) 

3.  Terraced  Plains. — This  structure  of  the  surface  arises  from  that  continuation  of  nearly  horizontal  stratification, 
and  nearly  horizontal  general  denudation,  which  throws  the  outcrops  of  the  several  hard  and  soft  strata  very  wide 
apart.     The  whole  district  is  in  this  case  a  succession  of  very  broad  platfoi'ms.     Such,  in  a  general  profile,  is  the 


Fig.  720. 


-Plateau  with  simple  Escarpment, 
Shelf  of  Niagara. 


Fig.  721. — Plateau  with  complex  Escarpment, 
Mountain-ridge,  New  York. 


Fig.  722.— Terraced  Plains. 

entire  plain  of  Western  New  York  here  illustrated  (Fig.  722)  ;  and  on  a  still  grander  scale,  the  great  interior  plain 
E.  of  the  Rocky  Mountains. 

b.  Where  each  separate  Stratum  is  complex  in  Composition  and  Degree  of  Hardness. 
I  have  already  shown  that  the  want  of  homogeneousness  in  the  chief  members  of  a  series  of  strata,  and  the 
consequent  approximation  of  the  several  members  to  each  other,  is  expressed  in  the  profile  of  the  surface  by  less 
conspicuous  features,  less  precipitousness  in  the  escarpments,  less  levelness  in  the  terraces,  and  by  more  numerous  but 

fainter  benches  on  tlie  edges  of  all  the  plateaus. 

1.  Plateaus  evenly  benched  in  their  Escarpments.  — This  condition  is 
presented  wherever  there  exists  a  somewhat  frequent  and  nearly  imiform 
alternation  in  thickness  and  hardness  of  the  eroded  strata.  If  the  firmer 
rocks  are  perpendicularly  cleft  by  numerous  parallel  joints;  and  the  softer 
ones  are  extremely  soft  or  friable,  the  benches,  though  not  necessarily 
wide,  will  be  sharp  and  steep,  and  step-like ;  whereas,  if  the  hard  layers 
are  coherent  throughout,  and  the  interposed  ones  somewhat  firm,  the 
benches  will  be  rounded  and  obscure,  and  the  whole  escarpment  an  un- 
dulated inclined  plain  of  steeper  and  gentler  convex  and  concave  slopes,  like  greatly-worn  and  rounded  rocky  stairs. 
Such  iu  many  places  is  the  great  sloping  escarpment  of  the  high  table-laud  of  the  Pokono  and  Catskill  moun- 

  tains,  and  on  a  miich  smaller  scale  some  of  the  plateau-like 

hills  of  horizontal  Coal-measures  in  Western  Pennsylvania. 
The  Pokono  Mountain,  in  its  S.E.  slope,  is  here  indicated  with 
its  benches. — (Fig.  723.) 

2.  Plateaus  heiiched  only  on  their  upper  Escarpments. — In 
those  plateaus  which  are  capped  by  an  alternation  of  two  or 
three  hard  and  as  many  soft  rocks,  and  underlaid  by  a  thick 
stratum  of  less-enduring  material,  there  will  be  seen  an  upper  steep  slope  with  benches,  and  below  it  a  long,  smooth, 
gently-spreading  inclined  plane.  Such  is  the  structure  and  the  very  usual  profile  of  the  S.E.  front  of  the  main  table- 
laud  of  the  Alleghany  Mountains  in  Pennsylvania. — (Fig.  724.) 


Fig.  723. — Plateau  with  terraced  Escarpment, 
Pokono  Mountain. 


i'lG.  724. — Plateau  with  upper  Escarpment  terraced,  Alleghany 
Mountain,  Pennsylvania. 


EROSION  OF  HORIZONTAL  STRATA. 


919 


3.  Plateaus  feminatiny  in  precipitous  Escarpments  passing  downwards  into  benched  or  terraced  Slopes. — Tn  these 
instances  the  alternation  is  in  the  inferior  or  softer  group  of  beds,  and  not 
in  the  upper  harder  one,  as  in  the  previous  case  ;  and  the  capping  stratum 
must  be  massive  and  resisting.     Where  these  conditions  prevail,  we  have 

a  ten-ace,  or  it  may  be  a  mountain  plateau,  bounded  at  its  edge  by  a  bold  -^i^. 

steep  precipice,  rising  from  a  long  inclined  escarpment,  benched  more  or  /^'J. 

less  distinctly  or  obscurely,  as  the  nature  of  the  lower  alternating  series  <''^^^-T'77':^°^™-'^^^=^j»*g' 

may  determine.  , ■  ■   '" '    "     '  y'".:—  •- ' \ 

This  is  a  description  of  the  structure  of  the  external  features  of  Fiq.  725.— Plateau  with  lower  escarped  Slope 

,  1  j_  J.1       /-I  X  1  -11    It        J.  •         1  •  1    <>  ii  terraced,  Catskill  Mountain. 

the  more  escarped  n-ont  oi   the  Latskul  Mountam  which  faces  the 

Hudson,  and  is  characteristic  likewise  of  certain  portions  of  the  edge  of  the  Alleghany  Mountain  in  Pennsylvania. 
(See  Fig.  725.) 


11.— FEATUEES  OF  EEOSION  OF  MONOCLINAL  BELTS. 


The  erosion  of  tracts  of  strata  dipping  in  one  direction  has  led  to  a  great  variety  of  external  features.  Where 
the  region  denuded  embraces  crust-undulations  of  decided  flexure,  each  mouoclinal  zone,  whether  wide  or  narrow, 
exhibits,  of  course,  a  gradation  in  the  steepness  of  its  dips,  varying  in  obedience  to  the  nature  of  the  flexures.  The 
subordinate  belts  of  dissimilarly-dipping  rocks  having  presented  their  edges  to  the  abrading  waters  at  different  angles, 
and  therefore  with  unlike  degrees  of  resisting  strength,  show  unlike  external  outlines,  even  where  the  currents  have 
been  similar  in  force  and  direction,  and  where  the  relations  of  the  subordinate  strata  to  each  other,  iu  respect  to  their 
thicknesses,  texture,  and  composition,  have  been  nearly  identical.  But  these  two  other  sets  of  elements  have 
themselves  been  very  different  in  different  districts ;  the  waters  have  not  wrought  with  the  same  weight  and  velocity, 
or  in  the  same  manner  as  to  their  currents  and  eddies,  on  all  the  rocks  exposed  to  them  ;  nor  were  the  conditions  of 
the  several  rocks,  in  all  that  influenced  their  unequal  liabilities  to  erosion,  equivalent  in  the  different  zones,  or  different 
belts  of  the  same  zone. 

A  study  of  the  surface  features  of  those  districts  of  inclined  strata  which  retain,  as  many  do,  the  sculpturings  left 
by  the  waters  in  all  their  freshness,  and  undisguised  by  any  clothing  of  drift,  will  readily  indicate — with  a  little  reflection 
upon  the  modes  of  action  of  the  eroding  agent  upon  the  variously-placed  and  constituted  masses  subjected  to  its 
wearing  energies — the  special  influences  of  the  several  elements  which  have  been  here  alluded  to.  It  will  show  us  that 
a  general  movement  of  the  currents  longitudinally  with  the  outcrops  of  the  inclined  deposits,  excavated  the  softer  beds 
to  a  greater  depth  than  the  currents  directed  transversely;  and  it  willindicate  that  the  results  produced  where  the 
strata  were  very  steep,  or  merely  presented  their  edges  to  the  sheet  of  fluid  and  fragmentary  matter  which  planed 
them  down,  were  very  different  from  those  left  upon  more  gently-dipping  groups  of  hard  and  soft  beds. 

To  enter  elaborately  into  the  consideration  of  all  the  modifications  in  the  topography  of  mouoclinal  belts  of 
strata,  and  to  trace  each  to  its  causes,  would  take  me  beyond  my  present  plan,  which  is  chiefly  to  point  out  the 
existence  of  such  modifications,  and  the  general  laws  which  control  them.  The  principal  features  of  erosion  of  evenly- 
dipping  hard  and  soft  rocks  deserve,  however,  to  be  illustrated ;  and  I  proceed  to  exhibit  them  here. 

a.  Where  the  Strata  are  alternately  firmly  and  feehly  cohering,  a7id  those  of  each  Class 

are  alike  hard  and  soft. 

It  is  characteristic  of  formations  thus  composed  to  leave  a  surface  after  denudation  more  or  less  grooved  and 
ridged  along  the  outcrops,  but  approximately  level  in  its  wide  features.  The  inclination  of  the  rocks,  and  the  difference 
iu  the  hardness  of  the  two  sets,  will  determine,  of  course,  the  depth  of  the  depressions  or  degree  of  ridging  of  the 
plain. 

1.  Ridged  or  undulated  Plains  or  ivide  Valleys. — Here  both  the  hard  and  soft  rocks  possess  the  average  tenacity  of 
these  classes  over  a  wide  space.    This  feature  is  seen  in  many  parts  of  the  great  Appalachian  Valley. — (Fig.  726.) 


Fig.  72t3. — Ridged  and  grooved  Plain.  Fig.  727. — Ridged  and  grooved  Table-land. 


2.  Ridged  and  grooved  Mountain-crests. — Here  the  alternation  of  hard  and  soft  rocks  forms  a  general  belt  harder 
than  the  strata  above  and  below  them.  The  mouoclinal  mountains  enclosing  the  Shamokin  coal-basin  display  this 
structure  in  a  marked  degree. — (Fig.  727.) 
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b.  Where  there  are  several  Groups  of  Strata  differing  in  their  Degrees  of  Hardness. 
1.  Single-crested  Jlonoclinal  Ridges. — These  consist  of  three  or  more  groups,  and  the  central  group  is  much  harder 

than  the  flanking  ones  ;  and  having  been  less  cut 
away  by  the  waters,  stands  forth  as  the  higher  part 
or  crest  of  the  edge.  The  Primal  white  sandstone 
and  the  Meridian  sandstone  frequently  form  ridges 
of  this  profile. — (Fig.  728.) 

2.  Douhle-crested  Monoclinal  Ridges. — In  these 
there  are  five  or  more  groups,  two  of  them  hard  formations,  forming  the  crests ;  and  between  these  a  softer,  making  a 
high  or  crest  valley;  and  outside,  or  below  and  above  them,  are  still  softer  ones. — (Fig.  729.) 

3.  Double  Monoclinal  Ridges  with  single  Crest,  hut  hroad  high  Shoulder  or  Terrace. — These  are  modified  forms  of  the 
preceding  class,  consisting,  like  them,  of  five  or  more  sets  of  strata,  but  having  one  of  the  harder  groups  considerably 


Fig.  728. — Smgle-crested  Monoclinal  Ridge. 


Fig.  729. — Double- crested  Monoclinal  Ridge.  Fig.  730. — Double  Monoclinal  Ridge,  with  terrace  on  the  back. 

less  resisting  than  the  other.  The  most  common  and  marked  variety  is  where  the  lower  hard  rock  has  been  the  weaker 
of  the  two.  Such  is  the  very  usual  profile  of  the  monoclinal  ridges  of  the  Levant  series  surrounding  the  Auroral 
limestone  valley  of  Central  Pennsylvania — (Fig.  730).  The  other  variety  is  where  the  lower  of  the  hard  masses  has 
been  the  firmer  or  more  resisting  one — (Fig.  731). 

4.  Complex  Monoclinal  Ridges. — These  are  composed  of  central  harder  rocks,  and  softer  flanking  ones — one,  two, 
or  all  of  the  three  series  being  complex,  or  containing  an  alternation  of  harder  and  softer  beds. 

There  are  several  varieties  dependent  on  the  group  or  groups  in  which  the  marked  alternation  of  hardness  in 


Fig.  731. 


-Double  Monoclinal  Ridge,  vvith  ten-ace 
on  the  front. 


Fig.  732. — Complex  Monoclinal  Ridge, 
the  beds  resides.     Where  it  belongs  to  all  three,  the  crest  series  and  the  lateral  ones  also,  the  moimtain  is  then 
much  terraced,  being  benched  on  its  crest  and  on  its  sides. 

A  more  common  condition  is  where  the  middle  group  is  homogeneous,  and  the  upper  or  face  side  series  is  an 
alternating  one.  This  is  the  structure  of  many  of  the  monoclinal  ridges  bounding  the  anthracite  coal-basins.  A 
section  is  here  presented. — (Fig.  732). 

Another  variety  is  exhibited  where  the  middle  or  hardest  set  and  the  uppermost  or  face  side  strata  are  both  of 
them  complex  or  alternating  groups.  Ridges  of  this  composition  are  benched  or  grooved  alike  on  their  summits  and 
their  dipward  flanks.  This  structui-e  is  distinctive  of  the  more  Western  anthracite  valleys,  and  has  its  fullest 
development  in  the  crests  which  enclose  the  Great  Shamokin  Basin.    Here  is  a  simple  section. — (Fig.  733.) 


Fig.  733. — Complex  Monoclinal  Ridge, 


Fig. 


734. — MonocUnal  Ridi^e,  a  Profile  of  the  Kittatinny  Mountain, 
near  the  Susquehanna  (strata  inverted). 


In  all  of  these  forms  of  monoclinal  ridges,  the  relations  of  the  difierent  features  to  each  other,  the  crests  and 
slopes,  terraces  and  benches,  are  more  or  less  modified  by  every  marked  variation  in  the  dip  of  the  strata  ;  and  the 
deviations  from  the  average  orographic  characters  here  given  are  the  widest  where  the  dip  is  inverted,  or  the  rocks 
are  overturned.  This  will  be  seen  by  comparing  the  annexed  sketch  of  a  ridge  of  Levant  and  Surgent  strata  inverted 
in  their  dip,  as  they  sometimes  are  in  Pennsylvania.  The  sketch  (Fig.  731)  shows  the  usual  profile  of  the  same 
rocks  in  their  more  natural  or  normal  posture,  which  exhibit  a  double  monoclinal  ridge,  with  single  crest  and  broad 
high  shoulder.' 

All  the  long  narrow  monoclinal  mountains  are  termed  ridges  in  the  United  States,  and  so,  indeed,  are  all  elongated 
crests  of  whatever  structure  or  precise  shape  ;  but  in  the  Jura  chain  of  Switzerland,  the  crets  are  those  only  which 
have  this  monoclinal  structure,  and  the  anticlinal  ridges  are  by  the  Swiss  geologists  called  voUtes. 

5.  Single-trenched  Monoclinal  Valleys. — The  conditions  essential  to  valleys  of  this  structure,  which  are  extremely 
numerous  in  the  Appalachian  chain,  are  the  superior  softness  or  erosibility  of  the  central  or  valley  group  over  those 
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All  the  anthracite  basins  are  surrounded  by  val- 


Miiipic  Mouochnul  V  alley. 


Double  Monoclinal  Valley. 


which  adjoin  it,  and  the  absence  of  hard  strata  in  the  middle  of  it. 
leys  of  this  class. — (Fig.  73-5.) 

6.  Double-trenched  Monoclinal  Valleys. — In  valleys  having  this  profile  there  are  at  the  least  five  groups  or  sets 
of  strata,  the  two  external  ones  of  the  five,  superior  enough  in  hardness  to  the  rest  to  stand  forth  in  ridges,  and  the 
central  one  of  all,  less  firm  than  these,  but  harder  than  the  valley-masses  adjoining  it.  Upon  the  relative  degrees  of 
hardness  and  of  thickness  of  all  five  masses,  depend  ^'■■n 
the  minor  variations  of  feature  of  every  such  belt.  ^.^X'^'i"^,^ 

This  type  of  valley  is  very  commou  inside  of  the 
anthi-acite  basins  between  the  ridges  of  the  Levant  and 
Vespertine  rocks,  the  central  ridge  being  of  the  Meri- 
dian sandstone. — (Fig.  736.) 

7.  Complex  Monoclinal  Valleys. — These  occur  where  the  softer  sets  of  strata  are  variously  alternated  with  harder 
interposed  formations.  Where  the  alter- 
nation extends  throughout  the  whole  of 
the  softer  excavated  groups,  both  the 
general  bed  of  the  valley  and  its  slopes 
are  more  or  less  ridged  and  terraced. 

Belts  of  this  order  are  numerous  on 
a  small  scale  in  all  the  more  complex  formations,  especially  in  the  wider  monoclinal  tracts  of  moderately-inclined 
anthracite  Coal-measures.  On  a 
large  scale  they  are  perhaps  most 
frequent  in  the  Appalachians, 
along  the  S.E.  base  of  the  plateau 
of  the  Alleghany  Mountain,  the 
complex  valley  being  between 
that  ridge  and  the  parallel  crests 
of  the  Levant  sandstones.     The  section  (Fig.  737)  represents  this  belt  in  C'entre  County,  Pennsylvania. 

The  relative  prominence  of  the  ridges  and  depth  of  the  valleys  of  monoclinal  structure  is  very  closely  connected 
with  the  conditions  which  controlled  the  energy  of  the  longitudinally-acting  portions  of  the  excavating  currents,  as 
will  clearly  appear  presently,  when  we  are  considering  the  mountain-notches,  their  origin  and  effects  on  the  drainage. 

In  the  United  States,  these  long,  narrow,  monoclinal  trenches  between  the  mountains  are  called  simply  valleys,  as 
are  the  wider  anticlinal  and  synclinal  and  complexly-undulated  ones,  even  where  they  have  the  relative  width  of  plains. 
But  in  the  Jura  chain  of  Switzerland,  the  narrow  elevated  monoclinal  and  anticlinal  valleys  or  troughs  between  the 
crests  are  designated  Combes. 

III.— FEATURES  OF  EROSION  IN  ANTICLINAL  BELTS, 
a.  Where  the  lowest  Strata  exposed,  dr  those  of  the  Anticlinal  Axis  or  Summit  of  the  Wave,  are  the  hardest. 

\.  Single-crested  Anticlinal  Ridges. — The  conditions  essential  to  this  structure  are  a  lower  hard  stratum  and  an 
upper  softer  one,  bent  into  either  a  regular  or  an  unsymmetrical  anticlinal  wave,  so  eroded  on  its  summit  as  to  expose 
the  harder  mass  in  a  central  crest. 

Ridges  of  this  composition  and  form  are  numerous  in  the  Appalachians,  and  other  undulated  chains,  though  in 
their  very  simplest  type,  or  without  terraces  on  their  sides,  they  are  less  common. 

Some  of  the  anticlinals  of  the  Primal  strata  in  South-eastern  Pennsylvania  are  of  this  form.  In  the  coal  region 
they  are  always  benched.  A  section  of  Montour's  Ridge,  towards  its  N.E.  end,  displays  this  simple  form.  Some  of 
the  spurs  of  the  South  Mountains  also  show  it.  The  figure  (738)  represents  the  Primal  white  sandstone  exposed 
in  the  crest,  and  Primal  slates  on  the  flanks. 


Fig.  737. — Complex  Monoclinal  Valley. 


Fig.  738.— Single-crested  Anticlinal  Kidge.  Fig.  739.— Triple-crested  Anticlinal  Ridge. 


Every  such  interior  anticlinal  ridge  or  crest  is  in  the  language  of  the  Swiss  geologists,  as  applied  to  the  Jura 
Chain,  a  VoMe,  and  the  present  simple  type  constitutes  Thurman's  First  Order  of  anticlinal  ridges. 

2.  Triple-crested  Anticlinal  Ridges  (or  ridges  with  a  central  anticlinal  crest,  and  two  lateral  monoclinal  crests  or 
shoulders). — The  ridges  of  this  type,  of  which  there  occur  some  striking  examples  in  the  Appalachians,  have  been 
formed  by  the  erosive  action  of  the  ancient  waters  on  four  separate  sets  of  strata — two  hard  ones  and  two  soft  ones — the 
lowest  of  all,  a  hard  formation,  saddling  the  axis,  and  standing  above  or  on  a  level  with  the  two  monoclinal  crests  of 
VOL.  II.  (3  ,1 
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the  upper  hard  mass,  while  between  these  and  the  central  crest  the  lowest  soft  deposit  appears  either  in  two  high 
monocliual  valleys,  or  in  a  level  wide  terrace,  the  uppermost  of  the  four  rocks  forming  by  its  superior  softness  the  two 
external  flanks  of  the  whole  compound  elevated  belt. — (Fig.  739.) 

A  good  instance  of  this  structure  is  presented  in  Shade  Mountain  of  Juniata  and  Union  counties,  Pennsylvania, 
of  which  an  average  section  is  here  presented.  Chestnut  Ridge  and  Laurel  Hill,  of  the  bituminous  coal  region,  are 
other  instances, 

The  denuded  anticlinals  of  this  type  occurring  in  the  Jura  chain,  are  those  ranked  by  Thunnan  as  his  Second 
Order  of  upheavals. 

b.  Where  the  lowest  Strata  exposed  along  the  Anticlinal  Axis  are  softer  than  those  resting  on  them. 

1.  Simple  Valleys  of  Elevation  (or  double-crested  ridges,  with  anticlinal  valleys  or  plateaus  enclosed  between 
them).— The  anticlinal  belts  of  this  structure  are  of  two  classes — those  which  belong  to  mountain-ridges,  and  those 
which  are  central  parts  of  wider  plains  or  valleys ;  but  the  present  section  is  devoted  to  those  which  are  features  of 
ridges. 

The  essentials  to  this  form  of  anticlinal  ridge  are,  the  exposure  by  erosion  of  three  sets  of  strata,  a  lower  soft 
group,  a  middle  hard  one,  and  an  upper  soft  one  again.  The  lower  mass  saddles  the  axis,  the  denudation  not 
penetrating  through  it,  but  the  harder  middle  rock  is  longitudinally  cut  away  at  the  crest,  and  left  in  two  parallel 
crests  embracing  a  high  valley  between  them,  by  the  wearing  of  the  inferior  softer  one,  and  the  previous  removal  of 
the  overlying  soft  group. 

Such  is  a  very  frequent  feature,  on  a  small  scale,  in  the  Appalachians.  It  occurs  in  the  anthracite  coal-fields  ;  is 
seen  in  belts  of  Pre-meridian  limestone  between  ridges  of  Meridian  sandstone,  and  in  other  valley-rocks  ;  but  it  is  more 
conspicuously  displayed  on  a  larger  scale  in  the  long  regular  anticlinals  of  the  Levant  sandstones  S.W.  of  the 
Susquehanna.  The  best  example  on  the  large  scale  is  the  Blue  Ridge  of  the  Juniata,  here  presented  in  profile. — (Fig.  7iO). 

The  terminal  portions  of  many  of  the  other  Levant  sandstone  ridges  present  a  structure  identical  with  this. 

These  high  anticlinal  valleys,  no  less  than  the  elevated  monocliual  ones,  are  termed  Combes  in  the  Jm-a. 

2.  Complex  Valleys  of  Elevation.— These  are  valleys  formed  by  a  deep  denudation  in  the  back  or  summit  of  an 
anticlinal  wave,  exposing  at  least  fve  sets  of  strata,  the  lowest  bemg  soft  and  cut  into,  but  not  cut  through.  The 
second,  a  hard  formation,  longitudinally  intersected  over  the  arch,  outcrops  in  two  parallel  crests,  or  it  may  be  in 
two  shoulders  of  high  terraces  ;  the  third  a  softer  mass,  likewise  of  course  cut  through,  forms  these  terraces,  or  else 
two  high  monocliual  valleys,  by  its  outcrops  ;  while  the  fourth,  a  second  hiu-d  material,  still  fm-ther  sundered,  forms  two 


Fig.  740. — Double-crested  Anticlinal  lud^e,  ui  siiupie 

Valley  of  Elevation.  Fig.  7-tl. — Complex  Valley  of  EleTation. 

other  crests  exterior  to  the  terraces  or  high  valleys,  and  encloses  the  whole  complex  interior  excavated  tract,  which,  as 
the  case  may  be,  is  either  a  triple  valley,  the  central  one  a  high  "  simple  valley  of  elevation"  divided  by  its  two  ridges 
from  two  high  parallel  monocliual  valleys,  or  a  deep  central  anticlinal  valley  enclosed  by  two  elevated  terraces.  In 
the  Appalachian  ranges,  both  in  Pennsylvania  S.W.  of  the  Siisquehanna,  and  in  Virginia,  the  prevailing  variety  of 
this  class  of  valleys  is  the  deep  central  valley  surrounded  by  a  high  terrace  or  platform.  Such  are  the  limestone 
valleys  of  Centre,  Bedford,  and  other  counties  of  the  middle  portions  of  the  chain. 

The  annexed  section  represents  one  of  these — for  example,  Blacklog  Mountain  and  Valley. — (Fig.  741.) 

In  the  Jura  chain  of  Switzerland  both  forms  occur,  but  the  most  common  seems  to  be  that  embracing  four 
distinct  ridges.    The  present  type  is  Thurman's  Third  Order  of  upheavals. 

It  is  obvious  that  the  forms  of  eroded  anticlinal  belts  will  be  more  and  more  complex  in  proportion  to  the 
number  of  alternating  hard  and  soft  formations  lifted  and  denuded  in  the  back  or  arch  of  the  wave ;  and  that  if  seven, 
in  place  of  the  five  such  strata  above  represented,  were  embraced  in  the  belt,  there  would  be  an  interior  valley,  either 
of  five  lesser  ones,  and  of  four  ridges  separating  them,  or  else  a  deep  central  valley  of  denudation,  bordered  on  each 
side  by  a  double  terrace;  or,  in  other  words,  a  valley  of  three  platforms  of  level  in  place  of  two  between  the  high  exterior 
crests.  An  intermediate  structure,  derived  from  an  erosion  developing  six  sets  of  alternating  hard  and  soft  strata,  is 
likewise  of  frequent  occurrence.  This  is  where  the  lower  or  first  formation  is  a  hard  one,  and  has  been  denuded  but  not 
cut  through  by  the  water,  and  projects  therefore  as  a  simple  or  single-crested  monocliual  ridge  in  the  middle  of  the 
central  valley,  which,  when  it  is  prominent,  it  even  divides  into  two  monocliual  ones.  This  more  extreme  degree  of 
exposure  of  the  central  arch  is  conspicuous  in  the  Jura,  especially  in  the  chain  of  Mont -Terrible,  and  is  the  type  of 
Thurman's  upheavals  of  the  Fourth  Order.  It  there  constitutes  the  limit  to  which  the  elevation  and  denudation  of  the 
anticlinals  have  pi-oceeded.    The  most  developed  anticlinals  of  the  Appalachians  are  likewise  not  advanced  beyond  this 
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point  of  orographic  structure,  nor  do  they  indeed  present  it  in  quite  its  fullest  completeness.  Only  the  widely  and  deeply- 
denuded  anticlinal  belts  of  Nittany  Valley  and  Morrison's  Cove  display  it  in  any  very  distinct  degree,  and  there  even 
it  is  not  the  prominent  feature.  It  exists  in  those  belts  where  the  erosion  has  extended  down  to  the  relatively  harder 
Auroral  magnesian  limestone,  and  especially  where  the  base  of  this  formation,  the  Auroral  sandstone,  has  been  reached 
and  exposed.  In  this  latter  case  there  is  an  anticlinal  sandstone  ridge  in  the  middle  of  the  valley  ;  and  generally,  in 
fact,  the  whole  bed  of  the  valley  is  more  or  less  arched  through  the  superior  hardness  of  the  whole  Auroral  series  over 
that  of  the  Matinal  soft  limestone  and  slate,  outcropping  along  each  margin  of  the  plain.  In  a  fainter  degree,  therefore, 
even  the  other  narrower  limestone  valleys  of  the  same  part  of  the  chain,  which  expose  no  medial  ridge  of  the  Auroral 
sandstone,  are  instances  of  an  incipient  advance  towards  the  structure  we  are  now  considering,  of  an  anticlinal  of  six 
alternating  hard  and  soft  strata,  cut  down  by  water  to  the  exposing  of  the  lowest  in  an  unbroken  arch.  As  this 
feature  of  the  greater  anticlinals  of  Pennsylvania  is  connected  with  important  economic  interests,  no  less  than  with 


Fig.  7i2. — Complex  Valley  of  Elevation,  with  central  Anticlinal  Ridge. 


these  laws  of  orographic  structure,  I  will  here  present  a  section  of  this  type  of  denudation.  It  will  stand  for  a 
profile  of  Nittany  Valley,  and  the  enclosing  mountains  in  a  meridian  E.  of  Bellefont. — (Fig.  742.) 

The  exposm-e  of  the  lower  Auroral  rocks,  especially  of  the  sandstone  ridge,  is  invariably  attended  by  two  con- 
ditions interesting  to  the  inhabitants — gi'eat  nest-deposits  of  haematitic  iron-ore,  and  barrenness  as  to  water. 

The  above  four  or  five  varieties  of  our  anticlinal  mountains,  constitute  in  reality  but  one  series  of  the  successive 
stages  of  elevation  and  erosion  of  the  larger  anticlinal  waves.  They  owe  their  features  primarily  to  the  fact  of  an  alter- 
nation in  the  relative  hardness  and  softness  of  the  strata  uplifted  and  cut  into,  and  each  derives  its  special  character 
merely  from  the  particular  amount  of  the  vertical  elevation  at  the  arch,  and  the  extent  of  the  denudation,  or  the  stage, 
at  which  the  washing  oS"  or  excavation  paused.  Of  course,  the  depth  to  which  this  erosion  would  penetrate,  with  a 
given  energy  and  duration  in  the  removing  waters,  would  be  somewhat  influenced  by  conditions  independent  of  the 
simple  height  of  the  exposed  anticlinal  wave  ;  such,  for  example,  as  the  relative  thicknesses  of  the  hard  and  soft  alter- 
nating strata,  also  their  differences  of  hardness  and  of  softness,  and  especially  the  greater  or  less  extent  to  which  the 
outer  strata  might  be  cracked,  dislocated,  and  made  to  yawn  on  the  back  of  the  anticlinal  by  the  undulating  uplifting 
crust-movement  preceding  or  accompanying  the  lashing  of  the  waters.  These  several  phases  of  erosion  of  the 
Appalachian  anticlinals  are  to  be  seen  both  detached  and  blended  together,  in  the  district  of  the  Juniata  River,  where 
the  four  forms  above  described  are  beautifully  typed  in  the  Tuscarora,  the  Blue  Ridge,  the  Shade,  and  the  Blacklog 
mountains  ;  and  blended  together,  or  gi-aduating  into  each  other,  in  the  mountain-group  of  Union,  Centre,  and  Mifflin 
counties,  where  each  of  the  single  anticlinal  crests  of  Union,  ascending  W.,  divides  into  two  monoclinal  ridges,  with  a 
high  plateau  between  to  form  the  second  phase  of  a  simple  high  valley  of  denudation  ;  and  out  of  the  middle  of  this 
again,  at  its  W.  end,  there  rises  by-and-by  a  central  unbi'oken  anticlinal  ridge  or  knob,  to  make,  with  the  two  outer 
crests,  and  the  now  double  plateau,  the  third  or  triple-crested  form ;  while  still  farther  forward,  in  Centre  County^ 
with  the  progressive  rising  of  the  axis,  and  deepening  of  the  trench  upon  it,  the  fourth  marked  type  is  developed  in 
the  beautiful  elliptical  coves  or  oval-headed  valleys,  which  scooped  deep  in  the  Matinal  slates  and  limestones,  are 
bounded  first  by  two  inner  monoclinal  crests  or  shoulders  forking  from  the  central  knob,  and  externally  by  the  two 
crests  before  produced  by  the  similar  forking  of  the  original  single  ridge,  the  high  terraced  branches  of  the  upper 
valley  or  plateau  being  embraced  between  these  inner  and  outer  crests. 

The  attentive  student  of  our  Appalachian  geology  will  readily  perceive  that  a  still  further  amount  of  uplift  or 
flexure  in  the  anticlinals  of  Centre  County  would  have  brought  the  hard  Primal  sandstones  which  underlie  the  soft 
limestone  of  the  valleys,  and  even  the  soft  slates  beneath  those  sandstones,  equally  within  the  trenching  force  of  the 
waters,  andthat  in  this  case  there  would  have  been  produced  a  fifth  and  a  sixth  distinct  type  ;  one,  the  first  of  these, 
with  a  high  central  ridge  in  the  valley,  and  the  other  with  this  ridge  forking  into  two  escarpments,  and  enclosing  a  deep 
interior  valley,  relatively  lower  by  several  hundred  feet  than  the  beds  of  the  present  ones.  Such  more  complex 
anticlinal  valleys  of  erosion,  resulting  from  denudation  upon  six  or  seven  in  place  of  five  alternately  hard  and  soft 
strata,  do  exist,  as  we  have  seen,  in  the  Jura  Mountains,  and  even  in  a  faint  degree  in  the  valleys  of  Centre  County. 
In  the  Jura,  from  the  extreme  relative  softness  of  the  more  easily  excavated  beds,  and  the  firm,  cliff-forming,  jointed 
character  of  the  limestones,  which  are  the  harder  members,  the  scenery  of  some  of  these  deep  secluded  and  wall- 
surrounded  oval  valleys  is  wonderfully  impressive  and  picturesque. 

Though  the  Swiss  geologists,  especially  Thurman  and  Gressly,  have  classified  the  denuded  anticlinal  valleys  of 
the  Jura  chain  somewhat  as  I  have  now  been  grouping  those  of  the  Appalachians,  their  arrangement,  it  will  be  seen, 
is  not  complete,  there  being  really  five  phases  of  structure  covered  by  Thurman's  four  orders  of  upheaval.  Gressly 
has  ascribed  to  these  anticlinals,  moreover,  an  erroneous  origin.  He  assumes  them  to  have  resulted  from  a  subterranean 
explosive  volcanic  action,  exerted  at  certain  points  in  foci  along  the  anticlinals,  and  imputes  too  little  agency  to  the 
carving  force  of  waters  working  through  breaches  in  the  ridges,  and  scooping  them  at  such  enfeebled  points  into  these 
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terraced  oval  valleys  by  the  revolving  eddying  currents  of  the  tremendous  waves  which  swept  transversely  all  the 
summits  of  this  chain.  To  this  excavating  action  of  water,  propelled  in  gigantic  billows  and  rushing  sheets  across  om* 
anticlinal  ridges,  when  these  were  lifted  by  successive  but  sudden  earthquake  movements,  higher  and  higher  through 
and  above  the  ocean,  while  at  each  paroxysm  they  were  becoming  more  and  more  permanently  arched,  we  must,  I  think, 
attribute,  conjointly  with  the  differences  in  the  susceptibility  of  the  strata  to  erosion,  all  the  phenomena  of  excavation 
which  I  have  described. 

IV.— FEATURES  OF  EROSION  IX  SYNCLINAL  BELTS. 

a.  Where  the  highest  Strata  exposed,  or  those  of  the  Synclinal  Axis  or  Trough  of  the  Wave,  are  the  hardest — 

of  this  Class  there  are  several  Varieties. 

1 .  Simple  Si/nclinal  Ridges. — These  occur  where  the  highest  strata,  or  those  in  the  middle  or  axis  of  the  flexure,  are 
the  hardest.  Where  such  upper  harder  rocks  are  of  one  nearly  uniform  degree  of  resisting  strength,  they  form  smooth 
slopes,  whose  steepness  is  progressively  greater  as  we  ascend  to  the  edge  or  very  brow  of  the  plateau  which,  narrower  or 
wider,  invariably  terminates  all  ridges  thus  composed  having  synclinal  dips.  But  where  the  upper  firmer  rocks  are 
alternating  in  degree  of  hardness,  the  sides  are  benched  or  terraced,  but  the  shelves  for  the  most  part  are  less 
sloping,  and  more  ravined  than  on  the  faces  of  anticlinal  ridges.  The  narrowness  or  width  of  the  summits  of  these 
synclinal  ridges,  depends  mainly  on  the  steeper  or  gentler  degree  of  dip  of  the  strata  at  the  axis,  or  the  closer  or  more 
open  form  of  the  flexure.  Where  the  synclinal  dips  are  very  steep,  or  the  fold  much  compressed,  the  ridge  is  usually 
a  narrow,  flat-topped  crest,  or  is  cut  by  cross  denudation  into  a  chain  of  oval  ridges  or  flattish  hills  or  knobs.  Such 
are  the  features  in  which  many  of  our  more  slender  synclinal  sandstone  ridges  terminate.  Again,  where  the  dips  are 
flatter,  and  the  synclinal  curve  gentler  and  more  open,  the  summit  is  broader,  and  is  usually  a  true  table-land  or  high 
plateau,  being  sometimes  even  basin-shaped.    (See  Figs.  73G  and  737.) 

Examples. — The  longer  simpler  spurs  of  the  Broad  Mountain,  Schuylkill  County,  and  those  of  the  Lehigh  coal- 
basins,  have  this  structure ;  also  the  terminating  spiirs  of  Nittany  and  other  synclinal  mountains  of  the  Levant  lower 
sandstones. 

2.  Triple  Synclinal  Ridges,  or  a  Central  Synclinal  Ridge  or  Plateau  enclosed  hy  two  2Ionoclinal  Ridges  or 
Shoulders) . — This  second  feature  of  synclinal  topography  is  where  the  synclinal  wave  admits  within  it  three  several 
strata  or  series  of  rocks  above  those  of  the  exterior  country,  or  four  in  all — namely,  a  hard,  a  relatively  soft,  and  again 
a  hard  group.  In  this  instance  we  will  have  the  first  or  lowest  hard  mass  basining  or  sinking  from  a  high  plateau, 
and  forking  into  two  crests  or  ridges,  and  admitting  a  double  narrow  valley  within  it,  and  between  these  two  valleys 
of  softer  matter  will  rise  in  a  ridge  or  plateau  the  uppermost  hard  formation,  placed  centrally  like  a  citadel  enclosed 
by  its  moat  and  exterior  rampart. 

We  have  an  example  of  this  structure  in  the  Broad-Top  Mountain  of  the  Juniata,  where  the  hard  Vespertine 
rocks  of  the  Terrace  Mountain  and  Sideling  Hill  enclose  the  forking  valley  of  Trough  Creek,  with  its  soft  Umbral 
shales ;  and  this  embraces  between  its  branches  the  table-land  of  the  Broad-Top  Mountain,  composed  of  the  harder  infe- 
rior strata  of  the  semi-bituminous  Coal-measures.  It  is  likewise  beautifully  exhibited  in  the  ridges  which  divide  the 
branches  of  Kishacoquillas  Valley  and  those  of  Penn's  Valley,  and  indeed  in  many  others  of  our  synclinal  Levant 
mountains,  where  the  lower  Levant  sandstone  forms  a  first  plateau,  and  the  upper  a  higher  ridge  resting  upon  it. 

b.  Where  the  highest  Strata  embraced  in  the  Synclinal  flexure  are  relatively  soft — of  this  Class  likewise 

there  are  several  Varieties. 

1.  Simple  Synclinal  Valleys  and  basin-shaped  Plateaus  (synclinals  where  the  highest  strata  are  softer  than  those 
supporting  them). — Such  belts  are  invariably  trough  or  basin  shaped.  Of  this  type  are  the  coal-basins  of  the  anthra- 
cite region  of  Pennsylvania,  if  viewed  from  their  exterior  red-shale  valleys.  There  the  relatively  hard  conglomerates, 
at  the  base  of  the  Coal-measures,  rising  in  steep  narrow  monoclinal  ridges  on  each  side,  basin  under  these  softer  upper 
coal-strata  reposing  nearer  the  synclinal  axis,  and  the  harder  less  erosible  rock  is  . afooMrac?e;/-/rtw?  by  easily-denuded  stmta. 
In  these  instances  the  harder  rocks  either  form  plateaus  basining  in  their  centres,  but  lifted  above  the  exterior  plain  or 
valleys  of  the  lower  softer  group  ;  or  else  two  parallel  ridges,  with  the  upper  softer  strata  between  them,  and  the  lower 
softer  series  in  a  belt  on  the  outside  of  each.  Both  of  these  conditions  occur  in  the  great  synclinal  basins  of  the  Pennsyl- 
vania anthracite,  where  the  soft  Umbral  red  shale  surrounds  in  some  cases,  as  in  the  Lehigh  district,  high  table-land 
basins  of  the  Coal-measures  ;  and  in  other  cases  encircles  in  narrow  exterior  valleys  the  steep  narrow  ridges  of  the  harder 
strata  which  enclose  the  often  equally  depressed  interior  valley-basins  that  hold  the  Coal-measures. 

Examples. — The  tongue-shaped  valleys  or  basins  of  Umbral  red  shale,  enclosed  by  ridges  of  Vespertine  hard  sand- 
stones, like  the  Lehigh  Kettle,  Hunter's  Cove,  and  Parnell's  Mountain,  in  Franklin  County,  are  good  examples. 

2.  Complex  Synclinal  Valleys,  or  concentric  Valleys  of  Depression. — This  type  of  ridges  and  valleys  is  presented 
where  there  are  four  alternating  hard  and  soft  groups  of  strata  above  that  of  the  general  plain  of  the  country,  or  five 
in  all,  and  the  uppermost  a  soft  group.    In  this,  as  in  the  previous  case,  the  highest  soft  strata  lie  in  a  topographical 
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basin,  between  monoclinal  inward-dipping  ridges  of  the  next  inferior  hard  rocks,  which  unite  at  the  head  of  the  basin 
in  a  high  synclinal  knob  ;  and  this  inner  basin  itself  rests  within  another,  scooped  in  the  lowest  soft  group  which,  in  its 
turn,  is  similarly  enclosed  by  two  converging  ridges  of  the  lowest  of  the  hard  masses,  or  the  first  of  the  four  formations. 
Such  concentric  synclinal  troughs  bear  a  striking  resemblance  to  a  nest  of  spoons,  where  a  smaller  spoon  rests  within 
a  larger  one. 

The  form  here  illustrated  is  that  derived  from  five  groups  of  alternately  hard  and  soft  strata,  but  there  are  syn- 
clinal belts  or  basins  in  our  Appalachian  chain,  where  the  erosion  of  seven  or  even  of  nine  such  masses  at  their  outcrops 
has  produced  a  symmetrical  and  curious  topography,  consisting  of  three  or  four  concentric  basins,  each  basin  being 
composed  of  a  soft  easily-excavated  member  resting  within  an  enclosing  mountain-rim  of  hard  resisting  sandstones, 
and  each,  save  the  innermost  or  uppermost  of  the  softer  strata,  branching  into  two  narrow  parallel  valleys  from  a 
regular  terminating  spoon-shaped  cove.  While  these  narrow  lateral  valleys  thus  unite  in  pairs  in  the  terminating 
synclinal  coves,  the  ridges  which  separate  the  valleys  converge  by  the  same  law,  and  coalesce  by  pairs  at  the  ends  of  the 
basins  in  high  synclinal  plateaus  and  swelling  mountain-knobs— usually  the  loftiest  eminences  of  the  symmetrically  undu- 
lated portions  of  the  Appalachian  chain. 

Very  similar  are  the  topographical  features  of  the  synclinal  mountain-tracts  of  the  Jura  and  other  chains,  where 
the  same  essential  conditions  of  structure  and  stratification  prevail,  the  anticlinal  and  synclinal  flexures  approxi- 
mately parallel,  and  the  region  consisting  of  strata  alternately  soft  and  resisting  to  the  action  of  the  waters  which 
eroded  their  outcrops.  Indeed,  it  is  impossible  to  imagine  how,  with  identical  combinations  of  the  physical  circum- 
stances, there  should  not  have  been  produced  an  identical  topographical  structure,  and  a  close  resemblance  in  all  the 
phases  of  scenery  which  result  from  the  forms  of  the  ridges,  hills,  and  valleys.  Through  the  agency  of  the  same  few 
simple  controlling  conditions  of  undulation  in  the  crust,  and  of  composition  in  its  materials,  arises  that  wonderful  and 
impressive  likeness  in  scenery  and  aspect  which  so  frequently  exists  between  distantly  remote  tracts  of  the  earth's 
surface — not  merely  narrow  local  spots,  but  whole  mountain-zones.  Hence  it  is  that  an  American,  familiar  with  the 
Appalachian  ridges  and  deep  trough-like  valleys,  and  the  wild  gorges  and  defiles  which  connect  these,  is  impressed,  on 
traversing  the  Jura  chain,  everywhere  with  a  something  in  its  yet  more  picturesque  passes  and  perspectives  which, 
with  the  freshness  of  another  land  in  the  mere  outward  accessories  of  sky  and  verdure,  and  the  garb  of  a  peculiar  life, 
has  yet  the  deeper  charm  of  a  profound  and  pervading  likeness  to  the  scenery  of  his  home  in  all  its  bolder  features. 
These  two  mountain  systems  are  creations  upon  one  and  the  same  essential  plan,  modelled  both  upon  one  arche- 
type idea,  through  the  secondary  agency  of  one  class  and  combination  of  forces.  The  same  gigantic  billowy  undu- 
lations have  ridged  the  crust  in  both  regions,  and  similar  stupendous  currents  of  repeatedly-uplifted  waters  have  cut 
down  the  crests  of  the  great  crust-waves  in  exactly  the  same  manner,  ploughed  lengthwise  the  softer  strata  into  similar 
groups  of  narrow  valleys,  and  breached  crosswise  the  newly-made  ridges  into  the  same  deep  notches  and  winding  cliff"- 
confined  gaps  and  rocky  passes.  No  marvel,  then,  that  Nature  should  wear  the  same  face  to  her  beholder  in  lands  so 
similarly  created  ;  for  her  features,  in  all  such  instances,  in  their  strongest  and  their  softest  and  most  subtle  lines,  are 
but  the  external  expressions  of  the  same  class  of  forces  or  pressures  with  which  her  great  pulse  has  throbbed  in  her 
moods  of  highest  energy  or  of  gentlest  life.  The  tone  of  the  landscape  is  the  same,  however  unlike  its  outward  inci- 
dentals, and  it  is  the  same  by  reason  of  the  identity  in  the  movements  and  actions  which  the  now  sleeping  upheaved 
strata  indicate  or  express. 

Returning  from  this  digression  to  descriptive  topics  connected  with  features  of  structure  in  the  undulated  and 
eroded  region  of  the  Appalachians,  and  of  other  similarly-formed  mountain-chains,  I  may  remark,  as  a  generalisation 
upon  the  details  thus  far  submitted,  that  all  the  conditions  of  orographic*  structure  here  illustrated,  all  the  physiog- 
nomy of  the  surface  produced  by  the  denudation  of  anticlinals  and  synclinals  composed  of  alternating  hard  and  soft 
strata,  and  by  that  of  their  combinations  which  give  rise  to  the  beautiful  reflexed  or  zigzag  windings  of  certain  mountain- 
crests  and  their  included  valleys,  and  to  the  meandering  outcrops  which  so  perplex  and  disappoint  the  miners  of  our 
Appalachian  anthracite  coal-seams,  and,  in  fine,  all  the  possible  modes  in  which  the  strata  are  presented  at  the  surface, 
are  referable  to  simple  geometrical  laws,  and  are  deducible  from  the  few  conditions  of  the  intersection  of  the  approxi- 
mately level,  yet  everywhere  unevenly  acting  and  locally-irregular  knife  edge  of  the  cutting  waters,  with  the  im- 
equally  exposed  strata  in  the  variously-presented  anticlinal  and  synclinal  waves  of  the  crust. 

In  the  forms  of  those  solid  crust-undulations,  their  symmetrical  and  unsymmetrical  arching  and  troughing,  in 
their  various  dislocations,  in  their  parallelism,  and  in  their  want  of  it,  their  rising  and  expanding  singly  and  in  groups, 
and  their  sinking,  contracting,  and  expiring,  and  in  their  modes  of  coalescing  and  of  fading  out  one  into  another,  reside 
the  conditions  under  which  the  strata  they  contain  have  been  exposed  to  or  protected  from  the  great  planing  mechan- 
ism of  the  horizontally-working  waters. 

But  the  horizontally-moving  waters  have  by  no  means  acted  on  the  corrugated  and  dislocated  surflices  over  which 
they  have  so  often  rushed  in  broad  diffused  sheets,  or  in  contracted  and  grooving  currents,  with  an  absolute  horizontality. 
The  waved  and  ridged  floor  which  they  washed,  at  times  transiently,  at  times  with  a  somewhat  prolonged  presence, 

*  OrOifJ'aiJ/iic,  appertaining  to  mouutaiu-chaius. 
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must,  even  if  we  can  assume  it  to  have  been  itself  in  repose,  which  the  very  hypothesis  of  the  upheaval  of  the  crust- 
undulations  prohibits,  have  deflected  the  waters  into  many  local  eddies  and  internal  streams,  variously  oblique  to 
the  general  plane  of  their  motion,  as  up  the  slopes  of  the  newly-born  moimtain-waves,  through  the  freshly-opened  breaches 
in  their  cracking  summits,  and  down  their  opposite  flanks  with  an  accelerating  speed,  that  has  ploughed  them  every- 
where with  ravines,  or  gashed  them  with  deep  and  yawning  gulfs.  Thus,  while  the  internal  crust-motions  exposed  the 
strata  unequally  to  the  erosive  power  of  the  displaced  waters,  the  waters  in  their  tm-n,  worked  unequally  on  the  strata 
upturned  to  meet  their  fury,  and  therefore  all  the  resulting  conditions  of  the  two  combined  agencies  concmriug  to 
beautiful  and  harmonious  results,  while  so  apparently  antagonistic,  are  only  to  be  understood  when  we  can  consider  and 
analyse  the  direct  and  reflected  operations  of  both  the  influence  of  the  moving  inundation,  to  cut  down  and  modify  in 
shape  the  baniers  lifted  to  oppose  it,  and  the  influence  of  the  thus  newly-created  local  features  to  modify  and  divert  the 
localised  cuirents  of  the  retreating  sea,  for  the  production  of  those  last-impressed  finer  and  gentler  features  with  which 
the  waters,  working  with  more  than  a  sculptor's  power  and  delicacy  of  touch,  have  shaped  the  face  of  the  lands  they 
have  chiselled,  softened,  and  adorned. 

The  annexed  sections  represent  the  general  structure  of  the  simple  sijnclinal  ridges  and  spurs,  the  first  (Fig.  743) 
where  the  fold  is  compressed,  as  in  Egg  Hill,  in  Centre  County,  and  the  second  (Fig.  744)  where  it  is  more  open, 


Fig.  745. — Synclinal  Ridge  in  Synclinal  Valley,  or  Triple  Synclinal  Ridge. 


Fig.  7i3. — Simple  Syncliiuil  Kidge,  flexure  cluse.  FiG.  744. — Simple  Syneliuul  Kid-e,  flexure  open. 

as  in  the  W.  part  of  the  Nittany  Mountain.  The  anthracite  coal-basins  end  in  spurs  of  both  of  these  forms  dependent 
on  the  closeness  of  the  flexure. 

The  sections  (Figs.  745  and  746)  here  attached  display  two  very  usual  forms  of  the  triple  synclinal  ridges  ;  the  first 
being  that  of  a  synclinal  ridge  or  knob  enclosed  between  two  monoclinal  ridges,  the  veiy  usual  structure  of  the  belts  en- 
closing the  terminal  spurs  of  the  anthra- 
cite basins  j  the  second,  the  prevailing 
condition  in  the  synclinal  Levant  ridges  in 
their  fullest  development  as  they  occur 
S.W.  of  the  Susquehanna,  but  visible  on 
a  lesser  scale  in  various  other  formations. 

Perhaps  the  most  common  form  of  the 
simple  synclinal  basins  is  that  which  is  here 
annexed  (Fig.  747.)  It  will  represent  such 
slender  trough-shaped  ridges  as  Parnell's,  where  the  Levant  series  presents,  as  it  does  in  its  extreme  S.E.  outcrop, 

but  one  crest-foiiniiig  sandstone  ;  or  it  gives  us  the 
general  structm-e  very  fairly  of  the  more  slender  and 
tapering  anthracite  coal-basins,  such  as  the  Dauphin, 
Wiconisco,  and  Shamokin  basins  in  their  W.  parts, 
if  we  overlook  the  absence  of  the  lesser  benches 
marking  the  outcrops  of  the  coal-beds.  Of  course, 
these  synclinals  are  of  various  features,  the  dip  and 
hardness  of  the  strata  modifying  these  greatly. 

A  very  usual  fi_)rm  of  the  complex  synclinal  valleys 
This  topography  is  characteristic  of  the  belts  which  contain  the  anthra- 
cite Coal-measures,  viewing  the  basins  from 
the  valleys  or  plains  external  to  their  outside 
ridges.  The  double  mountain-btuTier  due  to 
the  superior  hardness  of  the  Vespertine  con- 
glomerate and  sandstone  and  Serai  conglo- 
merate at  the  base  of  the  Coal-measures,  and 
relative  feeble  cohesion  (^f  the  Umbral  red  shale  between  them,  is  an  interesting  fcatm^e  not  common  in  other  coal- 
formations.  Of  course,  the  lesser  geological  and  terraced  features  of  structure  and  composition — namely,  undulations  of 
the  softer  coal-beds — are  all  omitted. 

A  modification  of  this  structure  (Fig.  7  48)  distinguishes  all  the  synclinal  basins  of  the  Levant  sandstones  of  the  counties 
S.W.  of  the  Susquehanna,  where  these  synclinals  are  wide  and  deep  enough  to  receive  in  the  middle  of  the  trough  a  portion 
of  the  lower  soft  slates  of  the  Surgent  series.  As  in  the  case  of  the  two  forms  of  our  triple  synclinal  ridges,  we  have, 
in  the  comparison  of  the  two  varieties  of  tiiis  more  complex  type  of  our  synclinals,  essential  difi'ercuces,  dependent  on 


Fig.  746. — Triple  Synclinal  Ridge  or  Terrace, 
is  shown  in  the  accompanying  cut  (Fig.  749). 


Fig.  747. — Simple  Synclinal  Valley  or  Basin. 
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the  relations  of  hardness  of  the  two  sets  of  strata  involved  in  them 
ridges,  and  simple  and  complex  basins  or 
valleys,  have,  where  the  materials  of  the 
ridges  are  the  Levant  sandstones,  very  differ- 
ent orographic  features  from  those  which  the 
same  types  exhibit  where  the  mountain-rocks 
are  the  carboniferous  conglomerates.  And 


Indeed,  all  the  synclinals,  simple  and  complex 


Fig.  748. — Complex  Synclinal  Mountain. 


the  main  reason  of  this  contrast  is  the  very  marked  dissimilarity  in  thickness  and  relative  softness  of  the  interposed 
less  cohering  argillaceous  stratum  in  each  case.  In  the  Levant  series,  the  middle  red  sandstone,  though  softer  than  the 
over  and  imder  lying  silicious  grey  sandstones,  is  yet  of  too  firm  a  texture  to  be  deeply  eroded ;  and  from  this  cause, 


Fig.  749. — Complex  Synclinal  Valley. 


and  its  being  only  a  few  hundred  feet  in  thickness,  it  forms  high  monoclinal  shoulders,  and  not  deep  monoclinal  valleys 
like  those  in  the  softer  and  far  thicker  carboniferous  red  shales  of  the  coal-basins. 

FEATURES  OF  LOCAL  EROSION. 

Having  now  treated  of  the  various  general  phases  of  mountain  structure  arising  from  the  erosion  of  monoclinal, 
anticlinal,  and  synclinal  belts  of  alternately  resisting  and  yielding  strata,  without  regard  to  any  features  but  those 
due  to  the  action  of  diffused  horizontally-moving  waters,  it  is  needful  to  consider,  in  the  next  place,  those  lesser  and 
more  local  modifications  of  these  broader  elements  of  the  scenery  which  have  resulted  from  the  reaction  upon  the 
waters  by  particular  forms  of  the  surface  previously  established,  such  as  deflecting  barriers,  steep  mountain-slopes,  high 
terraces  pouring  off  the  floods,  and  deep  transverse  gorges  dividing  the  broad  flowing  sheets  into  special  and  more 
sharply-trenching  currents,  which  have  worked  in  unusual  directions,  and  at  levels  oftentimes  different  from  those  of 
the  larger-moving  tide,  which  in  its  earlier  stages  shaped  the  mountain-summits  and  their  higher  valleys.  These  minor 
aspects  of  erosion,  insignificant  though  they  are  for  the  most  part  in  the  crests,  and  on  the  flanks  of  the  ridges  in  the 
general  scale  of  the  landscape,  are,  however,  of  prominent  interest  to  the  geological  observer,  and  of  the  highest  local 
importance  to  the  mining  engineer  and  the  practical  explorer  of  the  outcrops  of  the  denuded  strata. 

They  include  nearly  all  the  cases  of  local  deflections  of  outcrops  from  their  more  prevailing  or  normal  directions, 
as  produced  by  horizontal  denudation  ;  and  therefore  it  is  proper  in  this,  which  is  intended  as  both  a  scientific  and 
a  practical  chapter  on  the  extei'ual  physical  structure  of  the  Appalachian  chain,  to  elucidate  the  various  modes  in 
which  the  lines  of  the  strata  at  the  surface  are  caused  to  curve,  elbow,  and  wind,  and  to  ascend  and  descend  the  hill- 
slopes  in  obedience  to  simple  general  geometric  laws  of  the  intersection  of  surfaces. 

These  features  of  local  erosion  may  be  gi-ouped  under  the  following  forms  :— 

Local  Erosion  of  Horizontal  Strata,    I     Local  Erosion  of  Anticlinal  Strata. 
„       „       of  Monoclinal  Strata.    |        „       „       of  Synclinal  Strata. 


v.— LOCAL  EROSION  OF  HOEIZONTAL  STEATA. 

a.  Where  the  Strata  have  the  same  general  degree  of  Hardness. 

1 .  Confluent  Ravines  intersecting  a  level  Plain. — This  feature,  the  result  of  a  diffused  erosion  of  a  nearly  horizontal 
plain  or  plateau,  is  variously  modified  by  special  conditions  in  the  floor  which  the  waters  washed,  and  by  the  manner 
of  movement  of  the  fluid, — influences  to  be  considered  in  a  future  page.  But  the  essential  character  in  every  case  is 
that  of  a  confluence  of  narrow  and  shallow  channels  of  drainage  to  constitute  larger  ones,  and  the  union  of  these  again 
to  form  others  still  wider  and  deeper.  As  the  channels  or  valleys  deepen  in  the  direction  of  the  currents  which  passed 
through  them,  we  find  that  their  borders  are  more  and  more  intersected  by  short  lateral  and  relatively  steep  ravines, 
and  that  each  large  valley  receives  other  streams  of  compound  drainage  like  itself,  longer  and  larger,  as  this  is  farther 
from  its  own  sources.  The  whole  is  like  a  flattened  plant,  built  up  of  continually  subdividing  branches;  and  as  in  the 
instance  of  the  plant,  each  tribe  exhibits  a  different  species  of  symmetry  in  its  plan  of  ramification,  each  eroded  district 
has  its  own  law  of  convergence  of  its  channels,  and  its  distinctive  resulting  topography  dependent  on  a  delicate  yet 
positive  equilibrium  in  every  case  between  the  excavating  fluid  and  its  resisting  bed.  This  ramified  erosion  is  of 
course  most  symmetrical  where  the  surface  is  almost  absolutely  level,  and  the  strata  are  very  homogeneous  ;  but  as 
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these  conditions  rarely  prevail  over  great  areas,  it  is  chiefly  on  the  small  scale  that  we  meet  with  it  in  its  highest 
degrees  of  regularity.  No  tract  of  Pennsylvania  has  the  structure  essential  to  it  on  an  extended  scale,  for  nowhere  are 
both  the  general  surface  and  the  stratification  siifSciently  horizontal  to  have  allowed  the  denuding  waters  to  produce 
it.  No  mere  section  of  a  surface  thus  eroded  can  convey  a  true  conception  of  its  complicated  features  ;  but  in  the  next 
chapter,  where  allusion  will  be  made  to  the  modes  of  origin  of  the  various  types  of  scenery,  a  sketch  of  this  variety 
will  be  presented. 

2.  Rounded  conical  Hills,  and  insulated  Saucer-shaped  Hollows. — This  structure  of  the  surface  occurs  in  its  fullest 
perfection  where  the  general  surface  of  the  country  is  level,  and  the  superficial  deposit  in  which  these  features  reside 
is  imperfectly  stratified,  or  composed  of  very  incoherent  materials,  as  is  the  case  with  the  great  f?ri-/i;-deposit  which  covers 
all  the  Northern  temperate  and  arctic  latitudes  of  both  the  Asiatic-European,  and  North  American  continents.  I  do  not 
know  that  this  type  of  surface  is  indeed  anywhere  to  be  met  with  exterior  to  the  limits  of  the  drift- formation,  of  the 
mode  of  origin  of  which  it  is  eminently  expressive.  It  seems  to  have  resulted  from  an  excessive  turbulence  in  the 
waters  which  transported  the  drift,  and  to  be  connected  more  immediately  with  whirling  and  eddying  currents.  These 
have  scooped  the  stratum  of  loose  fragmentary  material  which  the  general  sheet  of  moving  water  strewed  along  its 
floor  into  the  dish-like  depressions  which  are  so  common,  and  have  in  other  places  piled  the  pebbly  mass  into  the 
conical  mounds  so  characteristic  of  it.  Elsewhere,  again,  the  currents  have  left  mounds  of  various  shapes  outstanding 
from  the  plain  they  belong  to,  by  their  gyratory  and  deflected  erosion.  In  proof  of  this  view  of  the  origin  of  the  features 
described,  we  invariably  find  them  most  to  abound  in  the  seaboard  belts  of  the  drift  where  the  general  continental 
inundation,  after  just  depositing  the  drift  below  the  then  existing  sea-level,  was  thrown  into  the  wildest  eddyings  by 
surging  to  and  fro  above  it.  Hence  the  prevalence  of  the  phenomena  on  the  S.  coasts  of  Long  Island  and  of  Massa- 
chusetts. The  same  feature  of  conical  hills  and  hollows  is  met  with  very  abundantly  in  the  plains  among  the  moun- 
tains of  New  England  under  precisely  those  conditions  of  the  topography  which  admit  of  the  same  explanation, 
that  of  conflicting  waters  thrown  into  strong  whirling  and  eddying  currents. 

It  is  only  in  Northern  Pennsylvania  that  the  drift  stratum  exists  at  all  within  the  State,  and  even  there  it  is  so 

near  its  extreme  S.  margin,  and  is  consequently  so 


thinly  spread  over  the  upland  tracts,  that  the  fea- 
tures referred  to  are  by  no  means  as  marked  as  they 
are  in  New  England  and  New  York.  Wherever  the 
deposit  possesses  an  ample  thickness,  as  in  the  river- 
valleys  and  the  plains  enclosed  by  the  S.  barriers 
which  arrested  the  drift,  it  exhibits  these  phenomena;  but  the  features  which  especially  characterise  it  are  the 
so-called  river  terraces,  a  description  of  which  has  been  already  given. 


Fig.  750. — Mouuds  and  Hollows  in  the  Drift. 


b.  Where  the  Strata  alternate  in  Hardness. 

Of  course,  the  contours  impressed  on  any  tract  of  the  surface  by  the  erosion  of  an  approximately  horizontal  set 
of  strata  of  various  degrees  of  hardness  and  softness,  will  vary  with  every  variation  in  these  relationships  of  firmness 
in  the  rocks.  Where  the  contrasts  are  great  in  this  respect,  the  convex  contours  or  projecting  outcrops  of  the  harder 
beds  will  be  prominent  and  steep,  and  the  concave  slopes  of  the  softer  masses  very  gentle  and  retreating  ;  where,  on 
the  other  hand,  these  differences  in  cohesiveness  are  small,  the  convex  and  concave  lines  of  the  ground  are  much  less 
distinct.  An  extreme  disparity  in  the  texture  of  the  beds  produces  an  alternation  of  precipitous  escarpments  and 
horizontal  terraces,  whereas  a  trivial  inequality  shows  itself  in  no  more  than  a  slightly-undulated  continuous  slope. 

1.  Terraced  Hills,  or  CamiJ-Ulce  Eminences  on  Surfaces  of  the  Plateaus  and  Plains. — This  feature  occui-s  perhaps 
most  conspicuously  in  the  bituminous  coal-fields,  where  the  coal-beds  and  their  attendant  shales  and  marls  are  very 
soft,  and  in  strong  contrast,  as  respects  erosibility,  with  the  harder  sandstones  and  grits.  AVhere  the  terraces  or  gentle 
slopes  are  easily  traceable  through  a  district,  they  constitute  a  very  admirable  guide  to  the  outcrops  of  the  various 
coal-beds  and  layers  of  soft  fire-clays  ;  in  ftxct,  in  a  country  which  has  its  geology  thus  defined  in  its  topography— and 
this  is  the  case  with  all  the  United  States  coal-fields  not  buried  under  drift— the  position  and  range  of  all  the  members 
of  tlie  formation  may  be  learned  and  recorded  by  the  geological  explorer,  if  aided  by  minute  and  accm-ate  maps,  and 
by  suflicient  time,  with  the  greatest  facility. 

If  the  strata  are  almost  perfectly  horizontal,  the  benches  on  the  hills  curve  in  and  out  with  each  recess  and  projec- 
tion, precisely  like  so  many  water-lines  at  different  levels,  as  if  the  sea  had  subsided  successively  from  one  station  of 
erosion  to  another.  They  will  follow  pretty  accurately  the  contour-lines  of  a  map  of  the  district.  Where  the  hills  are 
insulated,  and  either  conical  or  irregular  in  shape,  these  terraces  pass  entirely  round  their  upper  insulated  portions. 

If  the  strata,  on  the  other  hand,  are  not  absolutely  horizontal,  the  benches  marking  the  margins  of  the  coals  and 
other  soft  layers  will  enclose  the  upper  parts  of  the  hills,  not  symmetrically,  but  somewhat  obliquely.  Where  there 
is  more  than  a  trivial  inclination,  we  have  the  conditions  of  local  erosion  of  monoclinal  belts,  to  be  considered  in 
another  section. 
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The  annexed  cut  shows  a  body  of  nearly  horizontal  coal  strata  thus  benched  in  the  slopes  and  hills.— (Fig.  751.) 

2.  Terraced  Bavines  and  conflumt  Valleys. — Where  a  plain  or  plateau  composed  of  alternately  harder  and  softer 
strata  is  cut  off  by  terminating  escarp- 
ments, or  intersected  by  long  and  deep 

valleys,  these  escarpments,  and  the  bor-  T7i;.7r^7^^«w.r-Tn— .-inmB^i^^HwV^^rvrnr,^^ 


Fig.  752.— Terraced  Hill-sides. 


ders  of  these  valleys,  are  trenched  by  steep 
ravines,  or  by  steep  branching  or  conflu-  Fig.  751.— Benched  Outcrop  of  Coal  Strata, 

ent  shorter  valleys,  which  are  more  or  less  terraced.  If  the  strata  are  quite  level,  these  terraces  maintain  the  same 
levels  on  the  opposite  sides  of  the  raviues,  otherwise  they  change  their  heights  on  the  hill-sides  just  in  proportion  to 
the  space  of  the  ravines  and  the  degree  of  inclina-   _  _  v  _        _  ^  , 

tion  in  the  strata.  A  careful  measurement  of  their 
elements,  and  a  little  calculation,  will  enable  the 
explorer  at  all  times  to  discover  the  position  of  any 
stratum  across  a  ravine  or  valley,  and  he  will 
usually  be  much  assisted  in  the  identification,  by 
recognising  in  their  new  positions  the  corresponding  slopes  and  benches  of  the  previously  familiar  beds.  It  is  thus 
that  he  traces  the  coal-seams  from  hill  to  hill  across  the  ravines  and  wider  river-valleys  which  they  skip. — (Fig. 
752.) 

VI.— LOCAL  EEOSION  OF  MONOCLINAL  STRATA, 
a.  Transverse  Ravines. 

These  are  of  various  forms,  and  variously  deflect  the  outcrops  of  the  strata  obediently  to  their  forms,  and  to  the 
parts  of  the  monoclinal  belts  which  they  intersect.  They  may  cross  the  strata  either  perpendicularly  or  obliquely, 
and  they  may  be  either  level  ravines  or  sloping  ones  ;  and  again,  they  may  slope  with  the  dip,  or  against  it.  Further- 
more, the  strata  intersected  may  outcrop  to  form  a  plain,  a  ridge,  or  a  valley.  The  more  important  varieties  of 
these  transverse  trenches  seem  to  be  the  following  : — 

1.  Level  Ravines  perpttidicular  to  the  Btrike. — The  ravines  or  trenches  of  this  class  are  apt  to  have  the  slopes  of 
their  two  sides  alike,  and  when  this  is  the  case,  they  cause  precisely  the  same  amount  of  deflection  in  the  outcrops  of 
the  dipping  strata.  This  deflection,  of  course,  is  greatest,  or  it  amoimts  to  a  right  angle  in  the  dipward  direction 
when  the  borders  of  the  ravine  are  perpendicular  ;  or,  in  other  words,  when  it  is  a  precipitous  gorge.  And  it  is  less 
and  less  just  in  proportion  as  the  slopes  are  more  and  more  gentle.  By  deflection  is  here  meant  the  angular  change 
of  direction  from  the  iMrizontal  line  of  outcrop  of  a  stratum.  The  rapidity,  then,  with  which  oblique  lines  of  outcrop 
will  descend  along  the  sloping  side  of  a  ravine  or  valley  will  depend  on  these  two  elements — the  inclination  of  the 
stratum  itself,  and  the  inclination  of  the  hill-side  which  intersects  it ;  and  the  angle  of  descent  along  this  hill-side  can 
be  readily  calculated  for  every  case  by  the  methods  of  descriptive  geometry  which  define  the  laws  of  the  intersections 
of  planes. 

To  render  this  efi"ect  of  deflection  of  the  line  of  horizontal  outcrop  clearer  by  an  example,  let  us  imagine  a 
stratum — a  bed  of  coal,  if  we  choose — to  dip,  say  to  the  S.,  at  an  angle  of  45^ ;  and  let  us  suppose  that  the  ravine 
crossing  it,  and  running  N.  and  S.,  has  its  E.  bank  sloping  W.,  also  at  45°  to  the  horizon  ;  then  the  line  of  intersection 
of  these  two  planes,  or  that  which  marks  the  deflected  course  of  the  outcrop  descending  to  the  bed  of  the  valley,  will 
dip  exactly  towards  the  S.W.  If,  again,  the  sloping  side  of  the  valley  be  not  of  one  constant  declivity,  but  a  curvi- 
linear surface,  then  the  line  of  outcrop  will  itself  become  a  curve  by  the  intersection  of  this  curved  surface  with  the 
plane  one  of  the  stratum.  But  further  still,  it  frequently  arises  in  nature  that  both  the  dip  plane  of  the  stratum  and 
the  sloping  side  of  the  ravine  are  curving  planes,  either  both  concave  surfaces  or  both  convex,  or  the  stratum  convex  and 
the  surface  concave  ;  or,  fourthly,  the  surface  convex,  and  the  stratum  concave.  From  all  of  which  it  will  be  seen  that 
the  actual  lines  of  sloping  outcrop  in  these,  the  simplest  of  ravines,  being  tlie  intersections  of  such  variously-related 
surfaces,  are  by  no  means  easily  traced,  or  even  theoretically  calculated.  The  best  practical  sagacity  of  the  mining  engineer 
and  geologist  is  constantly  put  in  requisition  to  trace  the  outcrops  of  the  coal-seams,  and  other  strata  of  our  anthracite 

basins,  tui'ned  from  their  normal  courses  into  the  most  subtle  curves  by  this  

intersection  of  curving  planes  of  erosion  with  curving  planes  of  dip.  '  > 

I  here  append  (Fig.  753)  a  simple  topographical  sketch — a  bird's-eye  view 
— of  this  variety  of  ravine,  showing  the  deflections  it  produces. 

2.  Level  Ravines  oblique  to  the  Strike. — In  these  ravines  and  valleys  the  two   ^,  ^^..^  .  \\\v^^^^\;(^^^  illjij  ij  i 

opposite  sides  have  seldom  the  same  inclination  to  the  horizon  ;  and  the  reason  •"''ii!!I!1mii|!J),i);>^V  ">">''^  '^4i!M]\m^^ 
for  this  is  obvious.  In  those  which  intersect  the  strata  at  right  angles,  the  Fig.  753.— Level  Ravine  in  Monoclinal  Ridge 
\Yaters  have  pressed  with  nearly  equal  force  on  both  borders  of  the  excavated  '"iewed  hom  above,  perpcndiculai  to  Stnke. 
trench  ;  but  in  those  which  cut  the  beds  obliquely,  the  erosive  impulse  has  been  strongest  on  that  side  towards  which 

VOL.  II.  G  B 


930 


FEATURES  OF  LOCAL  EROSION. 


■•iiiiliiinn' 

fi.'Uti'ii',!'. 


Fig. 


754.— Level  Eavine  in  Monoclinal  Ridge, 
oblique  to  Strike. 


line  between  this  and  that  of  the  strike. 


Ravine,  descending 
in  the  direction  of  the  di})  more  rapidly 
than  the  strata  do,  towards  the  ob- 
server. 


the  ravine  lias  been  deflected,  leading  to  more  under-cutting,  and  therefore  to  a  greater  steepness  than  on  the  opposite 

border.  Of  course,  the  amount  of  deflection  of  the  strata  from  their  lines 
of  horizontal  outcrop  is  greatest  on  that  side  of  the  ravine  which  adjoins 
the  acute  angle  formed  between  the  general  course  of  the  ravine  in  the 
dipward  direction  and  the  line  of  strike  ;  and  from  two  causes — the  acute- 
ucss  of  this  angle,  and  the  superior  steepness  of  this  side  of  the  valley. 

A  simple  topographical  sketch  (Fig.  754)  will  sufiiciently  explain  this 
obvious  feature,  which  the  unpractised  explorer  of  strata  may,  nevertheless, 
easily  overlook. 

3.  Sloping  Bavines  descending  in  the  Direction  of  the  Dip. — These  are 
either  perpendicular  in  direction  to  the  strike,  or  more  or  less  oblique 
-that  is  to  say,  they  either  coincide  with  the  line  of  dip,  or  with  some 
Those  which  intersect  the  sides  of  monoclinal  ridges  are  very  generally 
perpendicular  to  the  strike ;  this  being  the  natural  course  of  the  waters  breaking  over  the  crests  of  such  ridges,  and 
dashing  down  their  flanks.    It  will  sufiice  to  consider  this  class. 

These  ravines  on  the  dipward  or  face  side  of  monoclinal  belts  are  of  two  varieties — very  different  in  their  effects 
in  deflecting  the  outcrops  of  the  strata  which  they  cut — according  as  they  have  a  steeper  or  a  gentler  inclination  than 

the  strata  themselves. 

\st  Variety. — Where  the  ravines  descend  more  rapidl)/  in  the  direction  of  the 
dip  than  the  strata  do. 

In  monoclinal  belts  cut  by  such  ravines  there  are  necessarily  two  outcrops,  a 
lower  and  an  ujjper,  of  the  strata  intersected,  and  the  lower  outcrops  are  deflected 
up-hill — the  steepness  of  the  sides  of  the  ravine  and  the  degree  of  inclination  of  the 
rocks  controlling  the  extent  or  degree  of  the  deflection.  In  such  deflections  along 
the  sides  of  the  ravine,  the  edges  of  the  beds  converge  as  they  ascend  the  ravine 
and  unite  in  succession  at  different  heights  in  its  sloping  bed  to  form  V-shaped 
outcrops,  the  points  of  the  V  being  directed  upwards.  This  effect  of  sloping  ravines 
on  sloping  strata  has  been  neatly  illustrated  by  Sopwith  in  his  models  of  some  of  the 
simpler  conditions  of  the  deuudation  of  imbedded  rocks. 

Instances  of  it  are  very  numerous  on  both  a  large  and  a  small  scale  in  the  deeply-channelled  districts  of  our 
Western  bituminous  coal-fields,  where  the  rocks  have  a  low  degree  of  dip. 
The  feature  is  here  indicated  in  a  topographical  sketch  (Fig.  TSo.) 

2d  Variety. — Where  the  ravines  descend  more  gently  in  the  direction  of  the  dip  than  the  strata  do.  This  con- 
dition of  things  is  connected  with  but  one  outcrop  to  each  stratum  —  a  natural  consequence  of  the  greater 

steepness  of  the  dip  over  that  of  the  intersecting  valleys.  The  ravines 
not  cutting  through  the  upper  beds  as  in  the  other  case,  but  only 
trenching  their  higher  outcrojjping  margins,  these  edges  are  deflected 
in  this  instance  down-hill,  precisely  in  the  manner  in  which  they  are 
along  the  sides  of  level  ravines  intersecting  similar  monoclinal  belts. 
The  V's  therefore  point  with  the  dip.  The  degree  of  the  deflection  of  the 
horizontal  outcrop  of  each  stratum  will  depend  on  the  steepness  of  the 
sides  of  the  trench,  and  its  more  or  less  trumpet-like  expansion  ;  and 
the  extent  of  the  deflection,  or  the  length  of  the  V  to  its  point  at  its 
water-level  in  the  bed  of  the  ravine,  will  mainly  depend  on  the  less  or 
greater  difl'ercnce  between  the  slope  of  the  raviue  and  the  dip  of  the 
stratum  ;  the  less  this  difference,  the  more  tapering  and  longer,  of  coiu'se, 
the  convergence  of  the  two  edges  of  each  intersected  bed. 

A  sketch  of  this  very  common  variety  of  ravine  with  its  outcrops 
is  here  given  (Fig.  756.)    It  is  the  form  characteristic  of  the  ridges  and 
hill-sides  of  all  the  anthracite  basins  where  the  angle  of  dip  is  considerable. 

3.  Sloping  liavines  cutting  Terraces  on  the  elipnvard  side  of  a  Ridge. — Wherever  a  ravine  or  trench  descending  a 
ridge  on  either  its  dipward  or  cropward  side,  crosses  longitudinal  terraces,  these  terraces  are  eroded  more  or  less  in 
their  longitudinal  direction,  and  are  deflected  downward  into  the  ravine  ;  and  so  likewise  are  the  outcrops  of  the 
harder  strata  which  divide  the  terraces  or  support  them.  Each  such  ravine  is  therefore  composed  of  a  maiu  stem 
and  lateral  curving  branches,  and  may  in  many  cases  be  likened  to  a  great  expanded  plant  lying  on  the  slope  of 
the  hill.  Upon  the  relative  breadth  of  the  terraces  denuded,  and  on  other  elements,  such  as  the  dip,  will  depend  the 
magnitude,  and  indeed  the  shape,  of  these  side-ravines,  swinging  in  graceful  sweeps  from  the  benches  in  which  they 
originate,  down  into  the  beds  of  the  main  transverse  trenches.    Where  the  mountain-side  chances  to  include  strata 
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Fig.  756.— Sloping  Ravine  descending  in  the  direction 
of  the  dip,  more  gently  than  the  Strata  do,  towards 
the  observer. 
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of  very  unequal  hardness  in  few  alternations,  and  the  soft  ones  are  thick,  and  susceptible  of  deep  erosion,  and  the 
whole  erosion  is  on  a  great  scale,  the  ravines  being  sharp  and  profound, 
become  great  oval  valleys.  Usually  the  ravine  originates  or  has  its  head 
in  a  terrace  in  one  of  these  dish-like  slanting  excavations  in  the  flank  of 
the  ridge.  The  sloping,  shallow,  oval  valley  gathering  the  drainage  from 
a  wide  circumference  on  the  mountain  platform,  pours  it  inward  and  for- 
ward, and  finally  through  a  contraction  of  the  ravine,  or,  it  may  be,  a 
mere  narrow  notch  in  the  hard  formation  which  forms  the  lower  front 
edge  of  the  terrace.  Such  are  the  cirques  of  the  Alps,  the  great  feeders 
of  the  upper  glaciers.  A  topographical  sketch  (Fig.  7j7)  is  here  an- 
nexed of  this  chai-acter  of  mountain  ravine  or  valley. 

4.  Sloping  Bavines  descending  against  the  Dip,  or  on  the  back  or  out- 
crop sides  of  mouoclinal  ridges  : — 

1st  Variety :  descending  Ridges  but  little  <errotcr  cZ.— Ravines  in  this 
l^osition,  widening,  of  course,  as  they  descend,  in  a  direction  opposite  to 
that  of  the  dip  of  the  strata  trenched,  deflect  their  outcropping  edges  in 
V-shaped  descending  lines  in  the  direction  of  the  dip,  or  from  the  mouth 
of  the  ravine.  The  lowest  strata  exposed  endwise  in  the  sides  of  such  a  ravine  are  those  nearest  its  mouth,  while 
the  lowest  thus  accessible  from  the  bed  of  a  trench  on  the  face  side  of  a  mouoclinal  ridge,  where  the  dij)  exceeds  the 
angle  of  descent  of  the  channel,  are  those  farthest  in  from  the  mouth. 

The  ravines  of  the  class  now  considered  are  extremely  numerous  on  the  external  sides  of  the  mouoclinal  mountain 
ridges  which  enclose  the  anthracite  coal-basins  of  Pennsylvania,  and  indeed  belong,  as  an  invariable  feature,  to  all 
our  mouoclinal  ridges  composed  of  a  hard  crest-rock,  and  of  some  softer  underlying  formation. 

2d  Variety :  descending  from  Terraces  on  tlie  Outcrop  Side  of  a  Ridge  or  Plateau. — This  is  an  interesting  species 
of  the  ravine  descending  the  cropward  side  of  a  raised  mouoclinal  belt  of  strata.  If  the  terrace  which  it  crosses  is 
wider,  and  supported  by  a  very  hard  resisting  stratum,  we  are  sure  to  find  the  terrace  itself  denuded  longitudinally 
on  each  side  of  the  ravine  in  a  long  descending  tributary  trench  or  valley. 
Where  only  one  such  wide  terrace  occurs  on  the  side  of  the  ridge,  the  ravine 
usually  has  its  source  or  head  in  a  wide  oval  expansion,  embracing  these 
side-ravines  as  wings.  These  are  common  on  the  cropward  slopes  of  the 
ridges  of  the  Levant  sandstones,  the  ravines  breaching  the  lower  or  Levant 
grey  sandstone,  and  commencing  in  the  terraces  of  the  softer  Levant  red 
sandstone  above  it.  They  present  themselves  on  a  grand  scale  in  the  Alps, 
where  they  terminate  upward  in  one  variety  of  the  cirques  or  oval  dish-like 
hollows  high  on  the  slopes  of  those  mountains  at  the  sources  of  their  glaciers. 
Other  cirques,  it  has  been  shown,  are  similar  expansions  of  the  upper  parts 
of  the  class  of  ravines  belonging  to  the  dipward  flanks  of  those  mountains. 

A  topogi-aphical  diagram  (Fig.  758)  is  here  offered  of  the  usual  form  of 
the  ravines  of  this  species  in  our  Levant  sandstone  ridges. 

5.  Gaps  or  Ravines  intersecting  Monoclinal  Ridges. — A  ravine  of  this  class,  in  its  fullest  development,  is  a  deep 
sloping  notch  or  cleft  cutting  the  ridge  to  a  low  level,  often  to  its  base. 

In  many  instances  the  breach  is  confined  to  the  narrow  crest  or  summit  of  the  ridge,  and  prolongs  itself  down 
each  flank  in  a  sloping  valley.  Such  are  many  of  our  mountain-passes  in  the  Appalachians.  Where  it  is  a  thorough 
cut,  penetrating  to  the  mountain's  base,  and  giving  passage,  as  it  then  so  usually  does,  to  some  bold  stream  or  river, 
it  is  called  in  Pennsylvania  a  Water  Gap  and  when  it  indents  only  the  iipper  part  of  the  ridge,  it  is  termed  a 
Wind  Gap. 

These  gaps  present  sundry  minor  characteristics,  dependent  chiefly  on  the  special  conditions  of  hardness  and 
softness  in  the  strata,  on  their  relative  dimensions  and  their  steepness  of  dip,  and  on  the  direction  of  the  ravine 
through  the  ridge,  whether  perpendicularly  or  obliquely  transverse. 

Where  the  strata  of  the  mountain  possess  a  very  steep  dip,  the  point  of  greatest  contraction  in  the  bed  of  the  gap 
is  only  a  small  distance  from  the  centre  toward  the  dipward  side ;  where,  on  the  other  hand,  their  inclination  is 
comparatively  gentle,  the  narrowest  spot  is  much  nearer  the  end  in  the  same  direction.  This  arises  simply  from  the 
descent  to  that  side  of  the  hard  resisting  rocky  rib  which  forms  the  crest.  From  this  point  of  least  width,  where  the 
hard  middle  rock  reaches  the  water-level,  the  bed  of  the  pass  usually  expands  trumpet-like  in  both  directions. 
Upward,  the  notch  dilates,  sometimes  by  steep  straight  slopes,  sometimes  by  concave  ones,  and  not  unfrequently  its 
profile,  on  one  or  both  sides,  is  a  convex  curve. 

Many  of  these  gaps  in  the  Appalachian  chain  are  much  encumbered  on  their  slopes  with  fallen  blocks  dislodged 
from  the  edges  of  the  harder  rocks  ascending  towards  the  summits.    Some  of  these  great  slanting  floors  of  angular 


these  lateral  enlai-gements  at  each  terrace 
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Fig.  757. — Sloping  Ravines  cutting  Ten-aces  on  the 
dii)ward  side  of  a  Ridge. 


Fig.  758. — Sloping  Ravine  descending  against 
tlie  Dip. 
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fragments  of  sandstone — familiarly  termed  by  the  people  Stone  Slides — extend  from  the  bottoms  of  the  gaps  midway, 
or  even  mvicli  higher,  towards  the  crests. 

The  two  most  obviously  distinct  varieties  of  the  monoclinal  notches  are — 

\st  Variety :  Simple  Monoclinal  Gaps  in  single-crested  ridges,  where  the  slopes  into  the  ravine  are  approximately 
straight  and  regular,  but  steeper  or  flatter,  as  the  case  may  be.  The  essentials  to  this  structure  are  merely  a  middle 
hard  stratum,  and  softer  overlying  and  underlying  masses.  The  most  contracted  part  of  the  pass  is  where  the  hard 
stratum  comes  down  to  the  water-level,  or  bed  of  the  notch  (Fig.  759). 

2d  Variety.  — Complex  or  curved  monoclinal  gaps  of  steeper  or  gentler  slopes,  intersecting  ridges  composed  of 
five  or  more  alternately  hard  and  soft  strata,  two  at  least  of  which  are  hard,  and  form  two  or  more  crests.  The 
ravines  of  this  class  are  oftentimes  not  straight,  but  wind  with  a  double  or  even  still  more  complex  flexure  through 
their  ridges.  If  one  of  the  hard  formations  has  exceeded  the  other  considerably  in  resisting  strength,  it  very 
frequently  throws  itself  nearly  across  the  opening  of  the  pass  in  a  low  ridge  or  spur  breached  at  one  end  to  the  water- 
level  of  the  other  parts  of  the  notch.  Such  is  the  feature  of  the  gap  in  the  Mahoning  Mountain  at  Mauch  Chunk,  and 
from  like  causes  that  of  the  notch  in  the  Little  Shamokin  Mountain,  at  the  passage  of  the  Shamokin  Creek.  At 
page  29  of  Volume  I.  a  pictorial  view  of  the  first  of  these  scenes  is  presented. 

Of  course,  all  the  conditions  of  deflection  of  the  outcrops  of  the  strata  of  the  ridge  will  exhibit  themselves  in  one 
of  these  deep  thorough  gaps,  which  we  encounter  in  any  other  level  transverse  ravine ;  every  outcrop  will  be  turned 


Fig.  759.— Gap  in  a  Simple  Jlonoclinal  Ridge. 

from  its  level  line,  both  on  the  back  and  on  the  dipward  side  of  the  ridge,  and  carried  down  at  a  more  or  less  abrupt 
plunge  as  the  dip  of  the  bed  and  the  slope  of  the  ravines  may  affect  it  until  it  reaches  the  bed  or  water-level  of  the 
notch ;  there  it  will  cross  on  a  level,  in  a  line  parallel  to  its  position  on  the  mountain-side,  and  reascend  the  opposite 
side  of  the  gap  in  a  corresponding  sweep,  until  it  resumes  its  first  position  on  the  ridge. 

It  seems  unnecessary  to  dwell  further  on  the  special  features  of  the  ravines  of  this  class,  as  these  have  all  been 
considered  under  previous  heads.  It  remains  simply  to  present  a  topographical  picture  (Fig.  760)  of  one  of  these 
gaps. 

b.  Longitudinal  Ravines  in  Monoclinal  Belts. 

Local  longitudinal  ravines  or  trenches  in  monoclinal  strata  occur  wherever  the  eroded  tract  is  elevated  above  the 
general  plain  of  the  country,  or  intersected  by  deep  transverse  channels  of  drainage. 

Thus  they  abound  in  the  ends  of  ridges,  but  especially  in  the  vicinity  of  the  thorough  gaps  which  cleave  the 
monoclinal  mountains.  Their  magnitude  and  depth  will  be  found  to  depend  mainly  on  the  relative  width  and  softness 
of  the  less  cohering  beds  in  which  they  lie,  and  on  the  height  of  the  outcrops  which  they  trench  above  the  beds  of  the 
valleys  and  notches  into  which  they  descend.  They  are  straightest  and  sharpest,  and  most  nearly  in  the  line  of  the 
strike,  wliere  the  raised  belt  of  alternately  hard  and  soft  strata  has  a  perpendicular  or  very  steep  dip.  Such  is  the 
posture  of  the  rocks  in  some  of  the  monoclinal  ridges  of  the  Levant  sandstones  between  the  Susquehanna  and  the 
Potomac  on  the  N.  sides  of  the  great  anticlinal  limestone  valleys — for  example,  in  the  Muncy  or  Bald  Eagle  Moun- 
tain ;  and  there  these  longitudinal  ravines  in  the  softer  Levant  middle  red  argillaceous  sandstone  and  shale  are 
very  conspicuous  features  in  the  orography.  Where,  on  the  other  hand,  the  inclination  of  the  beds  is  less,  the  ravines 
do  not  descend  in  the  line  of  the  strike,  nor  are  they  straight,  but  they  follow  the  dip,  as  we  have  already  seen,  and 
usually  with  more  or  less  of  curvature.  In  both  cases  they  are  but  prolongations  of  the  horizontal  terraces  or  benches 
which  are  deflected  partially,  but  not  exactly,  in  the  direction  of  the  dip,  from  the  circumstance  that  while  the  erosion 
has  followed  in  great  part  the  softer  strata,  the  eroding  descending  currents  have  at  the  same  time  been  rushing  some- 
what more  directly  down  the  hill-side  in  obedience  to  their  gmvity.  In  the  instances  where  the  inequality  in  the 
firmness  of  the  materials  is  at  all  excessive,  and  where  both  kinds  are  comparatively  thick,  conditions  which  pi-evail  in 
the  lower  Coal-measures,  or  Serai  conglomerate  group,  around  the  margin  of  the  Shamokin  coal-basin,  these  obliquely- 
descending  ravined  benches  are  separated  by  more  or  less  boldly-jutting  craggy  ribs  or  ledges  of  the  alternating  harder 
rocks,  which  in  the  gaps  of  the  Shamokin  basin  are  massive,  tightly  cemented,  coarse  silicious  conglomerates  and 
sandstones,  the  interposed  softer  measures  being  coal  shales  and  thick  beds  of  friable  anthracite. 

It  is  not  needful  to  dwell  longer  on  the  features  of  local  longitudinal  erosion,  since  all  the  essential  phenomena 


EROSION  OF  ANTICLINAL  EJDGES. 


933 


have  been  described  either  iu  this  paragraph,  or  in  preceding  ones  treating  of  the  modifications  of  the  "  transverse 
ravines." 

I  pass  nest  to  the  various  kinds  of  local  denudations  incident  to  anticlinal  belts,  especially  to  anticlinal  ridges. 

VII.-ANTICLINAL  RIDGES. 

a.  Local  Erosion  of  Anticlinal  Ridges. 
The  first  case  is  that  of  erosion  upon  the  descending  ends  of  anticlinal  ridges,  curving  the  denuded  outcrops  of 
the  strata  in  a  convex  sweep  round  the  subsiding  spur,  from  one  flank  to  the  opposite  across  the  axis,  and  presenting 
the  terminating  inflected  lesser  crests  and  terraces  in  sharper  relief  than  where  these  are  prolonged  on  the  sides  of  the 
ridges.  In  the  phraseology  of  the  anthracite  region,  such  outcrops,  or  the  gangways  below  them,  are  said  to  "  wind 
round  the  ends  of  the  saddles." 

b.  Gaps  or  Notches  in  A  nticlinal  Ridges. 
The  features  of  these  gaps  are  variously  modified  by  the  nature  of  the  strata  transversely  breached  and  eroded. 

1.  One  variety  is  where  the  whole  of  the  interior  rocks  of  the  anticlinal,  from  the  axis  at  the  water-level  to  the 
crest  of  the  ridge,  are  hard  and  cohering,  and  the  flanking  strata  comparatively  soft.  In  this  case  the  gap  is  usually 
a  simple  trough-like  cut  (Fig.  761),  with  more  or  less  steep  plane-slopes,  and  is  narrowest  in  the  middle  of  the  gorge, 
widening  in  trumpet-shape  towards  either  base  of  the  ridge  or  mountain. 

2.  Another  variety  is  where  there  are  three  sets  of  rocks  in  the  ridge,  the  arching  crest  ones  hard,  and  the 
inner  lower  set  at  the  axis  soft  for  some  height  above  the  water-level,  or  bed  of  the  notch.  In  such  case  the  form  of 
the  gap  is  more  complex,  being  dilated  and  circular  or  oval  iu  the  centre,  and  contracted  towards  either  outlet  by 
the  obliquely-descending  converging  ribs  of  the  hard  formation.  Where  the  hard  rocks  span,  as  they  often  do,  the 
whole  anticlinal,  in  one  unbroken  majestic  arch  of  craggy  precipices  receding  in  a  semicircular  sweep  at  the  crown  of 
the  curve,  and  approaching  closely  as  they  plunge  on  either  flank  to  the  level  of  the  pass,  we  have  the  simplest,  but 
perhaps  the  most  picturesque,  of  all  the  forms  of  oval  anticlinal  valleys.  These  are  the  cluses  of  the  Jura  chain  of 
Switzerland,  where,  composed  of  massively-bedded  limestones,  the  finest  of  cliff-forming  strata,  and  being  of  grand 
height  and  span,  they  constitute  some  of  the  most  impressively  wild  and  beautiful  natural  amphitheatres  which  water 
has  anywhere  carved  out  of  rocks.  In  some  instances  the  great  rocky  arches  on  each  side  of  the  pass  are  nearly  a  mile 
in  span,  their  precipitous  walls  are  many  hundred,  or  even  a  thousand,  feet  in  vertical  height ;  and  from  the  base  of 
their  beetling  crags  descends  on  each  side  a  very  long  and  concave  mountain-slope  or  talus  of  huge  fallen  fragments  of 
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Fig.  761. — Gap  in  an  Anticlinal  Ridge  of 
liard  strata. 


Fig.  7Ij2.— Gap  or  Oval  Pass  in  an  Anticlinal  Ridge, 
the  lower  sti'atum  beinnf  soft. 


the  cliffs,  bringing  down  the  ruggedness  of  the  upper  scene  to  the  very  margin  of  a  smooth  verdant  meadow  or 
oval  plain.  This  sti-etches  the  length  of  the  notch,  is  watered  by  a  sparkling  river,  enlivened  by  a  furnace  or  a  mill, 
and  is  shut  entirely  in  from  the  outer  country  by  the  jaws  of  a  contracted  rocky  gorge  or  mere  gateway,  leading  into 
and  out  of  it  between  towering,  jagged,  perpendicular  crags,  which,  in  several  cases  in  the  Jura,  are  crowned  by  the 
fitly-placed  ruins  of  some  old  baronial  castle,  or  "  feudal  robber's  nest." 

In  the  anticlinal  passes  of  the  Appalachiaiis,  this  species  of  mountain-gap,  in  virtue  of  the  greater  hardness  of  all 
the  strata,  and  the  absence  of  limestones  as  the  mouutain-rocks,  is  decidedly  more  tame  in  its  sceneiy,  but  its  con- 
stituent features  are  essentially  the  same  as  those  I  have  here  described  as  characterising  the  passes  of  the  Jura 
Mountains. 

The  accompanying  cut  (Fig.  762)  is  an  illustration  of  one  of  these  oval  passes. 

A  modification  of  this  form  of  notch  in  an  anticlinal  ridge,  somewhat  freqvient  in  the  Appalachian  chain,  espe- 
cially between  the  Susquehanna  and  the  Potomac,  is  where  the  breach  is  not  entirely  through  the  mountain,  but  is 
confined  to  one  side  of  it ;  or,  what  is  the  same  thing,  to  one  abutment  only  of  the  arch.  The  oval  valley  called  Mosquito 
Cove,  in  Bald  Eagle  Mountain,  and  even  the  longer  and  more  open  elliptical  Nippeuose  Valley  in  the  same  ridge, 
may  be  cited  as  cases  of  this  sort.    They  are  deep  oval  hollows  scooped  in  a  broad  flattish  anticlinal  mountain  by 
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whirliug  waters,  which  cut  for  each  but  a  single  outlet  through  the  N.  or  steepest,  thinnest,  and  most  shattered  abut- 
ment of  the  arch.  Many  others  of  this  type  occur  as  high  oval  valleys  on  the  backs  of  the  anticlinals,  not  only  in 
both  the  Appalachian  aud  the  Jura,  but  in  other  uudulated  chains.  One  instance  is  the  small  mountain-valley  mid- 
way along  the  crest,  in  the  highest  part  of  Tuscarora  Mountain,  on  the  line  of  Perry  and  Juniata  counties,  Pennsyl- 
vania. A  lateral  gap  of  this  sort,  breaching  only  one  of  the  monoclinal  barriers  or  wings  of  an  oval  valley  of  denuda- 
tions, is  called  in  Switzerland  a  ruz,  in  contradistinction  to  a  c/use,  which  is  a  double  gap  cutting  the  whole  arch.  Between 
these  anticlinal  gaps  and  the  elongated  oval  anticlinal  denuded  valleys,  there  occur  examples  of  every  intermediate  form, 
from  such  as  are  mere  narrow  transverse  notches  at  their  bases,  through  the  transverse  oval,  and  the  nearly  circular 
kettles,  to  the  longitudinally  oval  valleys  in  all  proportions  ;  and  it  will  be  found,  on  generalising  om-  survey  of  them 
aud  their  attendant  features,  that  they  are  all  the  offspi'ings  of  the  same  conditions  of  structure  and  the  same  physical 
forces — namely,  a  transverse  rupturing  by  one  or  several  cracks  of  the  most  distended  parts  of  the  anticlinals,  and  the 
passage  of  tremendous  sheets  of  water  across  the  ridges,  and  through  the  weakened  and  ruptured  lines  where  the 
currents  were  necessarily  deflected  into  irresistible  vast  excavating  whirlpools  by  the  obliquity  of  the  barriers  encoun- 
tered or  produced. 

Thus  it  has  come  to  pass  that  so  many  of  the  more  largely  excavated  oval  anticlinal  valleys  in  the  Appalachian 
chain  between  the  Susquehanna  and  the  Potomac,  both  the  naiTow  high  ones  of  the  anticlinal  ridges  and  the  deeper 
wider  ones  exposing  the  soft  Matinal  and  Auroral  rocks,  are  provided  with  more  than  one  pass  through  or  into  them. 
In  fact,  the  number  of  the  notches  which  give  access  to  them  is  very  various,  from  a  single  gap  or  depression  confined 
to  one,  and  that  always  the  weaker  side,  to  a  thorough-cut  or  gap  in  both  barriers — the  normal  type  of  these  mountain- 
passes — or  to  even  several  monoclinal  openings,  sometimes  all  of  them  in  one,  sometimes  in  both  barriers.  An  inspec- 
tion of  the  topography  of  the  mountain-chain  S.W.  of  the  Susquehanna  will  show  these  notches,  both  in  the  anti- 
clinal ridges  and  in  their  monoclinal  branches,  in  a  great  variety  of  combinations  and  situations. 

It  will  be  seen  how  very  frequently  a  notch  occurs — especially  the  single  ones,  or  those  in  the  monoclinal  ridges — 
near  the  ends  of  the  longer  class  of  denixded  anticlinal  valleys.  The  causes  of  this  prevalence  of  position,  and  of  the 
still  more  marked  excess  in  the  niuuber  of  these  openings  in  the  Northern  over  those  in  the  Southern  monoclinal 
barriers  of  the  valleys,  will  appear  distinctly  in  a  future  chapter,  where  an  attempt  will  be  made  to  discuss  fully  the 
mode  of  action  of  the  forces  which  undulated  the  strata,  and  which,  in  arching  the  anticlinals,  rifted  them  transversely, 
and  most  frequently  and  severely,  towards  their  subsiding  ends. 

3.  Another  and  distinct  variety  among  the  passes  or  gaps  in  anticlinal  ridges  occurs  where  there  are  four  or 
more  separate  sets  of  alternately  soft  and  hard  cohering  strata,  the  lowest  rising  at  the  axis  above  the  bed  of  the 
notch  or  valley  in  an  interior  arch,  while  the  third  rock,  or  upper  hard  one,  still  spans  the  breadth  and  height  of  the 
ridge,  only  covered  low  on  its  flanks  by  the  softer  and  uppermost  of  the  series.  In  this  case,  when  the  denudation  is 
regular,  as  it  is  apt  to  be  where  the  anticlinal  wave  is  broad  aud  of  gentle  curvature  at  the  summit,  we  have  an  oval 
or  circular  deep  cavity  in  the  mountain,  with  a  uarrow  outlet  at  one  or  both  sides,  just  as  in  the  variety  previously 
described  ;  but  .some  of  the  internal  features  of  the  gorge  are  essentially  different.  The  same  semicircular  steep  cliffs  or 
concave  slopes  sweep  round  each  side  of  the  amphitheatre,  ascending  and  receding  from  each  other  with  the  climbing 
of  the  arch,  and  redesceuding  and  approaching  again  with  its  curving  downward  to  its  opposite  abutment ;  but  the  talus, 
or  long  concave  inclined  plane  of  blocks  and  fragmentary  rubbish  dislodged  from  this  steep  upper  encircling  wall  or 
slope,  and  covering  the  underlying  softer  stratum  on  each  side  of  the  notch,  does  not  here  descend  to  the  bed  of  the 
valley,  but  only  to  the  top  of  the  second  or  interior  arch  formed  by  the  hardness  of  the  lower  rocks,  exposed  in  all  the  gaps 
of  this  class,  in  the  centre  or  axis  of  the  anticlinal.  In  mountain-passes  of  this  form,  the  grand  enlarged  amphitheatre 
of  the  higher  harder  rocks  is  lifted,  as  it  were,  on  the  back  of  an  inner  and  lower  anticlinal  ridge,  which  is  itself  tmns- 
versely  breached  or  notched  to  the  water-level  in  the  centre.  This  inuer  anticlinal  arch  repeats,  often  on  a  scale  almost 
as  large,  the  shape  of  the  variety  of  anticlinal  pass  first  specified  (Var.  b.  1),  which  is  that  of  a  simple  trough-like  cut, 
narrowest  in  the  very  middle  of  the  pass,  and  expanding  trumpet-like  towards  either  side  ;  but  exterior  to  it,  yet  still 
within  the  mountain,  is  the  great  encircling  oval  or  circular  valley,  with  its  talus  on  each  side,  aud  its  double  semi- 
circle of  cliffs  or  high  craggy  slopes  lifted  on  the  back  of  this  interior  saddle,  and  filling  the  span  of  the  mountain. 
The  ground-plan  of  the  bed  of  an  anticlinal  pass  of  this  description— where  the  denudation  is  synclinal,  as  in  some  cases 
it  is,  especially  in  the  Jura— bears  no  remote  resemblance  to  two  lancets  united  at  their  shanks,  or  to  the  double-leaved 
paddle  of  an  Esquimaux's  canoe.  Expanding  from  the  middle  of  the  hard  inuer  arch  in  both  directions,  and  widest 
at  each  side  of  it,  where  the  easily-denuded  softer  strata  descend  both  ways  to  the  level  of  the  gorge,  the  two  ends 
are  pinched  again  by  the  descent  and  convergence  of  the  great  outer  upper  arch  of  hard  material,  until,  in  some 
examples,  they  become  merely  the  narrowest  defiles,  allowing  space  for  only  a  stream  aud  a  roadway  before  they 
dilate  into  the  open  plains  outside. 

Instances  of  this  class  of  notches  in  anticlinal  ridges  are  not  unfrequent  iu  the  Appalachian  chain.  On  a  relatively 
reduced  scale  they  are  even  common  in  the  anthracite  coal-fields  of  the  Schuylkill  and  Shamokin  basins ;  but  for  the 
best-defined,  most  symmetrical,  and  most  picturesque  examples  of  this  class,  we  must  again  turn  to  the  limestone  ridges 
of  the  Jura  (Fig.  7  G3). 
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4.  There  yet  remains  to  be  described  a  fourth  modification  of  the  anticlinal  pass,  or  oval  moimtain-notch ;  it  is 
where  the  anticlinal  ridge  or  mountain  embraces  five  sets  of  strata  of  different  susceptibility  to  erosion — the  first  or 
lowest,  the  third,  and  the  fifth  being  shales,  or  slates,  or  other  soft  rocks ;  and  the  second  and  fourth,  sandstones  or  other 
firmly-cemented  and  resisting  formations  (Fig.  7G4).  A  gap  or  valley  of  this  description  differs  from  those  of  the  type 
last  defined  only  in  its  innermost  or  centi-al  features,  which  in  that  variety  were  those  of  a  simple  trough-like  cut  or 
notch  in  a  central  anticlinal  arch  of  hard  materials,  but  which  in  this  are  the  features  of  the  second  type  of  anticlinal 
gaps  or  simple  cluses  repeated  over  again,  but  enclosed  within  a  larger  higher  cluse  or  amphitheatre,  saddling  and 
embracing  the  inner  and  lower  one  as  a  larger  conical  oval  funnel  with  a  vertical  upper  rim  would  embrace  and  rest 
above  a  smaller  similar  funnel  inserted  in  its  truncated  conical  apex. 

It  is  a  circular  or  oval  pot,  opening  upwards  into  a  wider  and  higher  circular  or  oval  pot,  whose  bottom  and  uppei" 
lip  or  rim  are  neither  of  them  flat  or  in  a  horizontal  plane,  but  saddle-shaped  or  arching.  Of  course  this  form,  where 
it  is  on  a  large  and  perfect  scale,  presents  all  the  elements  of  scenery  of  the  preceding  or  third  variety  of  anticlinal 
pass  in  the  upper  and  enclosing  amphitheati'e,  with  all  the  features  characteristic  of  the  second,  in  its  lower  interior 
or  central  cluse  or  valley  ;  for  this  latter,  when  fully  developed,  as  it  is  in  one  or  two  very  striking  instances  in  the  Jura 
chain,  has  on  either  hand  the  encircling  arching  precipice,  the  long  steep  concave  talus,  or  rugged  "  stone  slide,"  and 
the  smooth  more  or  less  dilated  oval  plain  between  in  the  bed  of  the  notch.  In  the  Appalachian  anticlinals,  between 
the  Susquehanna  and  Potomac,  and  in  Virginia,  nearly  all  the  examples  of  this  concentric  or  double  denudation,  on  the 
large  scale,  are  cases  of  elongated  anticlinal  valleys  of  erosion  of  the  type  described  (page  933)  as  of  the  grouj^  b,  second 
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Fig.  763.— Gap  in  an  Anticlinal  Eidge.    Complex  variety  produced  by  three  soft  and  two  hard  strata, 

arising  from  two  hard  and  two  soft  strata. 

variety,  so  common  where  the  erosion  has  reached  the  Matinal  and  Auroral  rocks.  Even  where  these  valleys  have  a 
gap  at  each  side  in  their  monocliual  baniers,  as  in  the  instance  of  Friend's  Cove,  in  Bedford  County,  Pennsylvania, 
their  great  length  in  the  direction  of  the  anticlinal  axis  removes  them  from  the  class  of  mountain  notches  or  passes,  or  that 
even  of  expanded  cluses,  though  in  reality  they  retain  all  the  features  of  these  at  their  two  withdrawn  extremities,  and  are 
to  be  viewed  in  a  structural  light  as  but  extreme  extensions  of  the  same  elements,  and  the  products  of  the  combined 
action  of  the  same  whirling  erosive  currents  and  crust-undulations— differing  in  degree,  but  not  in  kind — in  the 
extent  of  the  denudation  along  the  anticlinals,  and  not  differing  in  the  nature  of  the  actions,  or  the  relations  of  the 
strata  acted  on. 

The  features  of  the  four  several  varieties  of  anticlinal  notches  or  circular  gaps,  above  described,  are  much 
modified  in  their  pictorial  characters,  first  by  the  qualities  of  the  strata  eroded,  and,  secondly,  by  the  style  of  the  anti- 
clinal curve.  Their  impressiveness  or  their  tameness,  as  the  case  may  be,  will  be  found  to  be  mainly  connected  with 
the  greater  or  less  difference  of  liability  in  the  strata  to  erosion  or  degradation  by  water  ;  but  the  degree  of  such  suscep- 
tibility, let  it  be  observed,  is  not  dependent  solely  on  differences  of  cohesion  between  the  particles,  or  on  mere  hardness 
or  softness,  but  is  materially  influenced  by  other  conditions  also,  especially  the  absence  or  presence  of  joints  and  cleavage 
fissures,  affording  a  grasp  to  the  waters,  and  by  the  less  or  greater  destructibility  of  the  fragments  torn  away  from  the  out- 
cropping beds.  Each  region,  therefore,  however  similar  to  others  it  may  be  in  its  undulated  structure — in  the  form 
that  is,  of  its  anticlinal  and  synclinal  flexures — will  yet  possess  some  distinctive  characters  in  its  scenery,  some  peculiar 
tone  in  its  landscapes,  even  where  these  contain  the  elements  of  construction,  traceable  on  examination  to  one  or  more 
of  those  circumstances  that  control  the  cutting  and  removing  power  of  the  waters  in  their  action  on  the  rocks.  And 
these  minor  features  of  expression,  so  apt,  from  their  very  uniquetness,  to  lead  away  the  attention  of  the  student  of 
nature  from  the  generic  identity  of  the  scenes  with  others  of  their  class,  are  especially  distinctive  in  the  gorges  and 
passes  of  mountains,  where  whatever  is  individual  to  the  region,  in  the  composition  of  its  rocky  framework,  will,  from 
the  stronger  conflict  there  of  the  eroding  and  resisting  agents,  be  all  the  more  conspicuously  developed.  Therefore 
it  is  that  the  points  of  dissimilarity  in  the  rocky  constitution  of  the  Ajjpalachian  and  the  Jura  chains,  so  analogous  in 
their  general  dynamic  structure,  or  features  of  undulation  and  rupture,  are  most  obvious  precisely  in  these  mountain 
gaps  and  clefts, whose  construction,  class  for  class,  is  so  identical  in  the  two  mountain-regions.    In  the  Appalachians 
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the  different  features  melt  more  into  each  other,  and  the  whole  scenery  is  tamer  than  in  the  Jura,  because,  in  the  former, 
the  sandstones  and  slates  of  the  ridges,  and  limestones  and  shales  of  the  valleys,  are  less  conti'asted  with  each  other  in 
facility  of  erosion,  than  are  the  massive  limestones  of  the  latter  chain,  witli  its  soft  marls  and  clays.  Besides,  all  the 
rocks  of  the  Swiss  cliain  are  softer,  and  far  more  easily  trenched  and  denuded,  than  the  corresponding  ones  of  the 
American  range.  Indeed,  the  valley-rocks  of  the  Appalachians  are  altogether  as  difiBcult  of  erosion  as  are  the  mountain 
or  harder  masses  of  the  Jura  ;  they  ai-e,  in  fact,  of  the  same  chemical  nature — limestones  chiefly  in  both  instances.  If 
any  difference  does  prevail,  it  is  a  superior  cohesion  on  the  side  of  these  Appalachian  softest  formations  over  those 
Jurassic  hardest  ones,  the  one  group  being  tough  sub-crystalline  limestones  and  indurated  sandy  slates  of  the  Palaeozoic 
age,  the  other  compact  and  earthy  limestones  of  the  Oolitic  period.  This  difference  of  resisting  strength  in  the  strata 
has  evidently  beeu  of  itself  a  most  influential  source  of  the  sharper  and  deeper  excavation  of  the  .Jura  anticlinals,  and 
of  the  consequently  higher  picturesqueness  of  its  scenery.  But  it  has  been  stated  above  that  the  topographical  features 
of  a  denuded  mountain-zone  depend  no  less  on  tlie  character  or  style  of  its  anticlinal  or  synclinal  flexures,  than  upon 
any  or  all  of  these  relations  of  the  strata  to  each  other  affecting  their  relative  vulnerability  to  erosion.  To  a  brief 
review  of  the  influence  of  this  element  of  form  in  the  crust-imdulations  I  will  now  proceed. 

It  is  obvious  that  the  shape  or  style  of  the  anticlinal  curve  or  sweep  of  the  arch  which  the  strata  span,  must  of 
necessity  modify  more  or  less  the  form  and  structure  of  the  notches  and  oval  valleys  carved  in  the  ridges  by  the  waters. 
These  convex  flexures  possess,  as  we  have  seen,  very  various  styles  of  curvature,  some  of  them  being  nearly  symmetrical 
waves,  while  others  are  of  unequal  incurvation  on  their  opposite  sides,  having,  like  the  billows  which  roll  in  over  a  con- 
stantly-shoaling bottom,  a  steep  and  a  gentle  slope.  They  have,  moreover,  further  differences,  in  the  comparative 
flatness  of  the  summits  of  some  waves,  and  the  more  angular  turn  of  others  at  the  crest  or  axis  ;  and  these  important 
variations  belong  to  both  the  symmetrical  and  the  unsymmetrical  groups.  Now  it  needs  very  little  reflection  upon  the 
forms  which  must  result  from  the  intersections  of  differently-curved  solids,  to  show  us  that  each  series  of  circular  and 
oval  excavations  in  these  dissimilar  kinds  of  anticlinals,  will  necessarily  receive  from  the  special  characters  of  their 
curves  special  subordinate  modifications  of  their  distinctive  structural  features.  Thus,  where  the  wave  is  both  symme- 
trical and  gently  rounded  on  its  back  or  crest,  the  hollow  scooped  within  it  will  approximate  to  a  regular  oval  or  a 
circle ;  and  th^  rim  of  the  pot-like  valley,  and  those  of  all  the  terraces  within  it,  if  it  be  excavated  in  an  alternating 
group  of  soft  and  hard  strata,  will  be  approximately  horizontal.  While  if,  on  the  other  hand,  the  wave  is  sharply 
crested,  the  denudation  will  result,  not  in  two  evenly-curved  semicircular  or  half-oval  valleys,  one  on  either  side  of  the 
transverse  notch,  but  in  two  ascending  and  sharply-pointed  valleys,  making  together  a  rhombic  or  diamond-shaped 
hollow,  longest  generally  in  the  direction  of  the  ridge's  crest.  And  again,  where,  with  either  of  these  conditions  of  flat- 
ness or  sharpness  of  simimit,  the  anticlinal  wave  is  unsymmetrical,  or  bends  more  or  less  steeply  down  on  one  side  than 
on  the  other,  there  is  a  proportionate  departure  in  the  gorge  or  valley  from  either  the  regular  circular,  the  oval  or  the 
rhombic  figure,  the  side  carved  out  of  the  more  inclined  flank  of  the  wave  being  invariably  and  necessarily  straighter 
and  lower  than  the  opposite.  Such  is  the  very  general  character  of  the  hollows,  whether  mere  notches  or  long  denuded 
valleys  in  the  anticlinals  of  the  Appalachians ;  and  such,  indeed,  will  be  found  to  be  the  very  prevailing  type  of  the 
pot-like  gaps  and  valleys  eroded  in  anticlinal  ridges  in  all  mountain-chains. 

We  have  in  the  deep  water-gap  of  the  Juniata  River,  at  its  passage  through  Jack's  Mountain,  in  Huntingdon 
County,  Pennsylvania,  a  very  good  example  of  extensive  denudation  on  the  crest  of  a  rather  sharp  and  unsymmetrical 
anticlinal  mountain-ridge.  Here  the  S.E.  flank  of  the  wave  is  gentle,  dipping  about  30°,  while  the  N.W.  is  at  its 
abutment  almost  perpendicular.  The  crest  is,  moreover,  abriiptly  turned.  The  denuding  waters  working  upon  this 
form,  through  the  four  successive  great  strata  which  build  up  the  mountain,  two  great  liard  and  massive  sandstones,  and 
two  softer  argillaceous  strata,  a  hard  one  at  the  summit,  and  a  soft  one  at  the  base  in  the  axis  of  tlie  ridge,  have  carved 
a  great  anticlinal  hollow  or  rude  cluse  of  the  double  ti/pe,  in  which  each  lateral  recess  or  cove  is  pointed  or  angular  in  the 
direction  of  the  crest,  rather  than  rounded  or  oval,  as  it  would  have  been  had  the  curvature  of  the  top  of  the  wave  been 
more  flat  or  gently  rounded.  Being  of  the  fourth  variety  of  anticlinal  notches  described  by  me,  where  there  are  two 
hard  formations,  each  to  send  down  its  two  projecting  spurs  to  the  water-level,  to  make,  when  perfect,  an  outer  and  an 
inner  amphitheatre,  and  in  this  case  the  arch  being  deeply  cut  to  its  abutments,  and  the  inclinations  of  its  sides  being 
steep,  there  stand  out  four  separate  ridges,  coming  down  from  either  mountain  end  toward  the  middle  of  the  pass  at 
the  river. 

VIII.— FEATURES  OF  LOCAL  EROSION  OF  SYNCLINAL  BELTS. 

a.  Erosion  of  the  Ends  of  Synclinal  Ridges. 

The  extremities  of  elevated  synclinal  belts,  both  ridges  and  narrow  plateaus,  are  very  genei-ally  much  denuded, 
especially  where  the  materials  forming  the  base  of  the  ridge  are  comparatively  soft,  as  in  that  case  tlieir  deeper  exci^- 
vation,  by  causing  a  superior  steepness  in  the  sides  and  ends  of  the  ridges,  has  given  to  the  final  local  currents  a  greater 
perpendicular  pressure  in  rushing  down  the  slopes. 

Two  features  of  erosion  of  the  ends  of  such  ridges  are  worthy  of  attention. 
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L  Truncations  o  f  the  Ends  o  f  Si/nclinal  Riclges. — A  very  common  mode  of  ending  of  the  ridges  of  synclinal  structure, 
is  by  an  abrupt  cutting-off  or  truncation  of  their  tapering  points.  Where  the  denudation  of  the  mountainous  zone  has 
been  very  equable  or  chiefly  longitudinal,  the  raised  synclinal  belts  taper  gradually  off,  both  in  width  and  height  ;  but 
wherever  strong  transverse  currents  have  swept  across  the  terminations  of  such  ridges,  these  are  sure  to  be  thus  abruptly, 
and  more  or  less  squarely,  cut  away.  In  these  cases  the  synclinal  ridge,  usually  forming  the  ending  of  a  mountain 
trough  or  basin  by  the  coalescing  of  two  monoclinal  barriers,  rises  above  the  general  level  of  the  monoclinal  crests 
into  a  high  terminal  knob,  the  crest-line  of  which  suddenly  gives  place  to  a  steep  transverse  slope,  cutting  the  mountain 
from  this  high  point  to  its  base.  Such  is  the  feature  in  which  the  Terrace  Mountain,  near  Huntingdon,  ends  against 
the  valley  of  the  Juniata  ;  and  very  similar  is  the  termination  of  the  JMahanoy  j\Iouutain,  on  the  Susquehanna.  Many 
other  examples  could  be  adduced  from  the  Appalachian  chain  in  Pennsylvania  and  Vii'ginia. 

This  abrupt  arrest  of  the  synclinal  ridges  is  in  striking  contrast  with  the  beautifully  gentle  and  gradual  tapering 
and  curving  down  of  the  expiring  anticlinal  crests  ;  and  the  erosive  conditions  productive  of  the  two  phases  were  not 
less  dissimilar.  In  the  instance  of  the  synclinal  belts,  the  waters  were  enabled,  by  the  rising  out  above  the  general 
water-level  of  the  country  of  the  lower  softer  strata,  to  exert  against  them,  just  where  least  protected  by  the  overlying 
firmer  rocks,  their  fullest  amoimt  of  excavating  power,  resulting  in  a  tendency  to  steep  cutting,  or  even,  in  certain  cases, 
to  absolute  under-cutting,  from  the  everywhere  inward  dip  of  the  strata.  But  in  the  opposite  case  of  the  anticlinal 
belts,  the  harder  crest-rocks  of  the  ridges  buried  and  sheltei-ed  the  softer  subjacent  beds,  and  the  more  effectually  the  nearer 
the  terminations  of  the  crests,  thereby  giving  the  form  of  the  anticlinal  wave  itself  a  constantly -increasing  influence, 
and  the  erosive  force  of  the  water  a  diminishing  one,  to  the  end  of  the  axis.  It  is  only  necessary  to  compare  the  profiles 
or  ci-est-curves  of  the  synclinal  and  anticlinal  mountains  exhibited  in  the  illustrations  in  this  work,  to  perceive  at  a 
glance  the  remarkable  and  characteristic  differences  of  outline  left  by  the  waters  on  the  cuds  of  the  two  kinds  of  waves. 

2.  Loncfitudinal  Erosion  of  the  Eiids  of  Synclinal  Ridges. — In  many  instances  the  ends  of  synclinal  ridges,  and 
narrow  synclinal  table-lands,  are  much  gashed  by  sharp  sloping  ravines.  Where  the  crest  is  narrow,  and  formed  by 
steeply-dipping  hard  strata,  these  trenches,  scooped  in  the  ends  and  flanks  of  such  ridges,  often  radiate  downward 
quite  regularly  in  a  sort  of  fan-like  arrangement  from  the  terminating  knob.  A  feature  of  this  kind  presents  itself  in 
the  terminal  spur  of  the  Shamokin  coal-basin,  seen  from  the  W.,  from  near  the  mouth  of  Zerbe's  Run.  It  belongs 
likewise  to  the  similar  spur  prolonged  from  the  Wiconisco  Coal-basin,  and  is  more  or  less  characteristic,  indeed,  of  the 
synclinal  spurs  of  the  anthracite  coal-basins  generally.  Where,  on  the  contrary,  the  ridge  is  not  a  mere  narrow  crest, 
but  a  slender  table-land,  truncated,  as  such  generally  are,  at  its  extremity,  these  ravines  are  confined  more  strictly  to 
the  end,  and  are  more  truly  longitudinal  in  their  direction.  The  narrow  plateaus  composed  of  the  lower  Levant 
sandstone,  supporting  the  Levant  red  shale,  which  form  so  striking  a  feature  in  the  great  anticlinal  limestone  valleys 
of  Centre  and  Mifiiin  counties,  especially  those  in  Kishacoquillas  Valley,  present  us  with  fine  instances  of  this  terminal 
ravining,  showing  most  unequivocally  how  the  last  localised  currents  of  the  retreating  waters  rushed  lengthwise  down 
the  newly-truncated  ends  of  these  picturesque  terraces.  A  glance  at  the  picture  of  the  Kishacoquillas  ridges 
(Vol.  I.,  page  476),  looking  E.,  will  make  this  feature  understood. 

b.  Erosion  of  the  Ends  of  Synclinal  Valleys. 

The  chai-acteristic  or  usual  form  of  the  head  or  end  of  a  synclinal  trough — such  as  the  termination  of  one  of  our  wider 
coal-basins,  the  Shamokin,  for  example — is  that  of  a  symmetrically  spoon-shaped  valley,  ascending  at  its  very  extremity  to 
the  level  of  the  bounding  converging  crests.  But  this  regular  structure  is  departed  from  in  many  instances,  by  the 
presence  of  features  of  local  erosion,  which  it  is  proper  here  to  advert  to.  These,  as  in  the  denudations  of  synclinal 
ridges,  are  both  transverse  and  longitudinal. 

1.  Transverse  Denudation  of  the  Ends  of  Basins. — A  not  unfrequent  termination  of  a  synclinal  valley,  bounded  by 
naiTow  ridges  of  steeply- dipping  rocks,  is  by  an  open  longitudinal  pass,  caused  by  the  entire  obliteration  of  the 
synclinal  ridge  or  knob  which  ordinarily  forms  the  end  of  the  basin.  The  destruction  of  the  prow  of  the  boat,  and 
the  scooping  out  of  its  contents  at  the  broken  end,  must  be  imputed,  in  most  instances,  primarily  to  some  great 
transverse  fault  or  fissure  weakening  what  is  usually,  from  the  close  convergence  or  imion  of  the  monoclinal  bounding 
ridges,  the  most  massive  and  strongest  portion  of  its  rim.  The  cutting  away  of  the  dislocated  end  by  a  powerful 
transverse  current  would  be  necessarily  followed  or  accompanied  by  the  sweeping  of  a  lesser  longitudinally  deflected 
lower  current  through  the  jaws  of  the  newly-opened  gap.  Thus  it  has  arisen  that  such  truncated  ends  of  basins  are 
often  deeply  eroded,  and  their  contained  softer  rocks — a  body  of  coal-measures,  perhaps — are  almost  completely  washed 
away  from  the  bed  of  the  trough.  There  are  several  cases  of  this  kind  on  a  small  scale  in  the  anthracite  region,  and 
some  approximations  to  it  among  the  larger  basins.  The  extremity  of  a  synclinal  valley,  so  nipped  off  and  scoured 
out,  resembles  much  in  form  as,  at  the  time  of  its  final  shaping,  it  did  in  actual  function,  a  great  spout,  like  that  of  a 
pitcher.    The  W.  end  of  the  Wyoming  Basin  at  Shickshinny  is  an  example  of  both  transverse  and  longitudinal  erosion. 

2.  Longitudinal  Erosion  of  the  Ends  of  Basins. — It  has  just  been  shown  that  a  longitudinal  erosion,  or  scooping  out 
of  the  end  of  a  basin,  accompanies  generally  its  truncation  ;  but  it  also  occurs  in  cases  where  the  termination  is  not 
abruptly  nipped  off",  but  only  extensively  worn  down,  as  happens  when  the  protecting  harder  rocks  have  been  of 
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insufficieut  firnmess  to  ■withstand  the  longitudhial  currents  through  the  valley.  This  feature  prevails  usually  where 
the  syuclinal  dips  are  rather  gentle. 

3.  Features  of  diffused  Erosion  of  the  Ends  of  Synclinal  Valleys  or  Basins. — The  precise  form  in  which  a  basin  com- 
posed of  hard  strata,  supporting  and  embracing  softer  ones,  usually  terminates,  depends  mainly,  of  course,  on  the  two 
elements  of  the  dip  of  the  beds,  and  their  relative  degrees  of  resistance  to  erosion.  In  the  simplest  case  of  three 
formations — a-middle-hard  one,  forming  the  rim  of  the  synclinal  valley,  and  a  soft  lower,  and  another  soft  upper, 
deposit — all  carved  into  a  mountain-trough  standing  above  the  general  level  of  the  outer  country,  the  more  gentle  the 
dip,  and  broader  the  synclinal  wave,  the  rounder  or  blunter  will  be  the  outline  of  the  spoon-shaped  end  of  the  basin  ; 
and  the  steeper  the  dip,  the  more  slender.  The  anthracite  fields  of  Pennsylvania  present  numerous  examples  of  both 
of  these  types,  and  display  this  connection  perfectly.  Where  the  strata  are  synclinal  at  a  moderate  angle,  and  their 
dips  on  the  two  sides  of  the  axis  nearly  equal,  and  where  the  synclinal  line  or  keel  of  the  boat  rises  perceptibly  or 
considerably,  we  will  find,  if  there  exist  no  terminal  nor  lateral  gap,  the  nearest  approach  to  perfect  symmetry  in  the 
beautiful  concave  oval  sloping  valley.  While  such  is  the  contour  of  the  interior  of  the  basin  carved  out  of  the  soft 
upper  sti-ata,  that  of  its  rim  or  barrier  is  a  curve-line  sui-face  of  not  less  grace.  The  converging  monoclinal  bounding 
ridges,  gradually  expanding  and  rising  in  their  crests  as  they  swing  into  each  other  to  enclose  the  head  of  the  trough, 
form,  where  they  blend  together  to  fill  the  synclinal  space,  a  most  noble  and  peculiar  style  of  mountain  swell ;  an 
elevated,  ample,  egg-shaped  knob  or  summit,  higher  considerably  than  the  monoclinal  crests,  keeping  high  watch  over 
the  comely  valley  which  it  terminates,  and  a  still  loftier  outlook  over  the  external  country.  Gracefully  and  largely 
convex  in  all  its  upper  lines,  this  terminal  synclinal  hill,  when  regular,  invariably  sends  downward  into  the  exterior 
plain  or  valley  in  which  it  rests,  a  series  of  concave  flattening  and  dilating  slopes,  which  are  no  less  marked  for  their 
ampleuess  of  sweep  than  the  exquisite  delicacy  of  their  flowing  curvature.  The  highest  and  widest  point  of  one  of 
these  knobs  is  generally  not  in  the  centre  of  its  length,  but  nearer  the  basin  which  it  closes  up — precisely  as  the 
broadest  and  highest  point  of  an  egg  resting  on  its  side  is  between  its  centre  and  its  blunt  end.  Summits  of  this 
description,  of  course,  send  off  a  de- 
clining spur,  more  or  less  pointed,  in 
the  direction  of  the  syuclinal  line,  and 
branch  into  the  two  other  directions 
of  the  monoclinal  crests,  out  of  the 
imion  of  which  they  arise. 


The  profile  or  longitudinal  con-  ,.,  Mo,u,cu„,ui:n,i.  i,.Lm^.,/s,.r/a„ato»!,s^,>c:maiA^. 

.        1-       ,  i   ]  /-I"     Tc-N  Fig.  765. — Profile  of  a  SyncHnal  Knob, 

tour-lme  here  presented  (rig.  njo),  ■' 

will  serve  to  aid  the  conceptions  of  the  reader,  not  fixmiliar  by  close  observation  with  the  structure  of  the  Appa- 
lachian chain.    It  is  a  perpendicular  section  of  the  end  of  a  basin  along  the  synclinal  axis. 

c.  Local  Erosion  of  Synclinal  Belts,  connected  with  transverse  Gaps  or  Notches. 

Just  as  in  the  instances  of  the  breaching  of  anticlinal  ridges  by  transverse  notclies,  give  rise,  under  diflfereut 
phases  of  uplift  of  the  anticlinal  v.-ave,  to  difierent  forms  in  the  gaps,  so  in  the  several  types  of  synclinal  ridges  and 
raised  basins  we  meet  with  special  modifications  in  the  notches  by  which  they  likewise  are  cleft.  As  the  gorges  of 
this  class  are,  however,  of  more  rare  occurrence  than  the  anticlinal  ones,  except  perhaps  the  simplest  varieties,  and  as 
there  is  less  that  is  remarkable  in  their  structure  demanding  detailed  description,  it  will  suffice  merely  to  indicate 
their  several  features,  and  the  conditions  under  which  they  have  been  produced. 

1.  Simple  Gaps  iu  Synclinal  Ridges  or  narrow  Plateaus,  composed  of  a  harder  Series  of  Strata  repo.micf  on  a  softer. — 
Though  all  of  the  notches  of  this  simplest  and  most  common  class  have  a  generic  form  and  one  definite  character,  the 
proportions  and  scenery  of  their  parts  are  modified  by  the  special  circumstances  of  the  dip  of  the  rocks,  and  their 
relative  thickness  and  degrees  of  cohesion.  The  essential  features  of  such  gaps  are  these.  The  opposing  ends  of  the 
ridge,  which  form  the  slopes  or  jaws  of  the  notch,  approach  nearest  in  the  middle  of  the  gap,  and  round  rapidly  oflf  at 
their  sides  botli  outward  and  upivard — the  converse  of  the  converging  arching  of  the  harder  belts  in  the  cliises  or  oval 
gaps  of  simple  anticlinal  ridges.  This  style  of  pass  is  to  be  met  with  occasionally  in  the  narrow  plateau  basins  of  the 
anthracite  country  of  Pennsylvania  ;  that  of  Eattling  Run  in  Broad  Mountain,  opposite  Asliland,  is  nearly  of  this 
structure.    No  sketchis  needed  to  assist  the  conception  of  this  simple  structure. 

2.  Complex  Gaps  in  Syuclinal  Ridyes  or  narrow  F I atea us. —These  exist  in  their  most  completely  developed 
character  where  the  ridge  or  plateau  in  which  the  notcli  occurs,  consists  of  at  least  four  alternately  hard  and  soit 
groups  of  strata.  If  the  dips  or  basining  be  considerable,  and  the  cleft,  from  the  easy  erosion  of  the  softer  strata,  be 
sharp  and  steep,  this  form  of  gorge  which  imder  these  conditions  is  invested  with  its  boldest  and  most  distinctive 
outlines,  displays  often  a  scenery  of  much  picturesqueness.  The  extent  of  its  pictorial  beauty  and  impressiveness  will 
depend  largely,  however,  on  the  character  of  the  liarder  strata  intersected  in  the  pass,  as  on  their  being  vertically  jointed 
and  craggy,  like  many  varieties  of  limestone.  If  they  are  susceptible  only  of  roiuided  surfoces  of  erosion,  like  many  of 
our  tough,  cohering,  silicious  conglomerates  and  sandstones,  the  defile  will  be  deficient  in  wild  grandeur. 

The  complex  notches  here  referred  to,  cutting  several  alternating  hard  and  soft  strata,  are  a  species  of  terraced 
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gaps,  in  which  all  the  formations  exposed  endwise  by  the  denndation  display  inverted  arches  or  trough-like  cuiTes,  the 
hard  ones  in  precipitous  walls  or  steep  slopes,  as  the  nature  of  the  materials  determines  ;  the  softer  "beds,  in  gentler, 
talus-covered,  slanting  platforms  of  various  inclinations.  Conversely  to  the  receding  rising  sweep  of  the  upright 
arches  of  harder  strata  in  the  anticlinal  gaps,  the  same  harder  beds,  in  these  inverted  arches,  approach,  descendinij, 
towards  the  centres  of  the  synclinal  notches.  Hence,  a  structure  of  cliff's  and  slopes,  or  of  steep  slopes  and  teri'aces, 
ascending  and  retreating  outward  in  both  directions  from  the  middle  of  the  pass,  until  they  curve  round  and  upward 
into  the  flanks  of  the  ridge  or  plateau. 

A  configuration  of  this  sort  is  not  at  all  rare,  on  a  small  scale,  in  the  ravines  which  cross  the  narrow  subordinate 
basins  in  the  Great  Pottsville  and  Shamokiu  coal-fields.  In  our  Pennsylvanian  mountain-ridges  and  plateaus  it  is  of 
less  frequent  occurrence. 

This  structm-al  feature  is  to  be  seen,  but  not  in  the  conditions  of  proximity,  to  constitute  a  mountain  pass  or 
gap  in  the  relations  of  the  two  opposing  terraced  spurs  of  the  N.  side  of  Kishacoquillas  Valley,  as  the  map  and  the 
sketches  in  this  work  will  show.  A  clear  conception  of  the  essential  features  of  these  complex  synclinal  gorges  will  be 
found  to  be  serviceable  in  tracing  coal-beds  and  other  strata  from  the  flanks  of  synclinal  ridges  into  and  out  of  the 
gaps  which  intersect  them. 

d.  Lateral  Gaps  and  Breaches  in  Synclinal  Basins. 

It  has  been  already  shown  that  the  Anticlinal  Valleys  of  the  Appalachian  and  other  mountain  chains,  and  the 
anticlinal  notches  likewise,  both  frequently  exhibit  gaps  on  one  side  only,  or  in  but  one  abutment  of  the  ai'ch.  Such 
of  these  gaps  as  appertain  to  the  larger  valleys  have  been  described  as  monocliual  notches,  while  those  connected  with 
the  shorter  transverse  excavations  have  been  alluded  to  under  their  Swiss  name  of  Ruzes.  Among  the  local  erosions 
of  anticlinals,  corresponding  monoclinal  notches  and  ruzes  occur  in  the  barriers  of  the  synclinal  valleys,  and  in  some 
of  the  more  local  erosions  in  synclinal  cirques.  No  further  special  allusion  need  here  be  made  to  the  more  ordinary 
variety  in  the  central  portions  of  the  monocliual  rims  of  the  mountain-basins,  for  they  are  but  one  series  of  the 
common  monoclinal  gaps ;  but  a  more  distinct  mention  is  demanded  of  the  class  of  these  breaches  situated  very  near 
the  ends  of  the  synclinal  valleys,  high  on  one  or  other  of  the  bows  of  the  boat.  To  these  latter,  and  to  the  lateral 
notches  in  the  oval  synclinal  cirques,  we  shall  therefoi'e  now  give  our  atten^on,  and  to  those  of  the  cirques  first. 

1.  Latered  Gaps  in  small  oval  Synclinal  Valleys. — From  the  prevalence  of  a  very  elongated  form  in  the  crust- 
undulations  of  the  Appalachian  chain,  the  instances  of  short  oval  synclinal  valleys  or  kettles  wholly  enclosed,  or 
breached  only  on  one  side,  are  comparatively  rare.  The  chief  part  of  those  met  with  are  cirques,  denuded  in  an  upper 
series  of  soft  rocks  by  virtue  of  a  local  whirling  and  scooping  action  of  waters,  deriving  their  power  from  a  crack  or  breach 
in  one  rim  or  barrier  of  a  long  narrow  mountain-trough,  and  not  in  a  short  one.  Yet  a  few,  under  the  latter  circum- 
stances, do  occur,  and  these  are  the  equivalents,  under  a  converse  structure,  of  the  anticlinal  single-notched  cluses,  or 
monoclinal  gaps  entering  anticlinal  cirques.  Their  essential  conditions  are,  a  short  oval  basin  or  synclinal  mountain- 
valley,  composed  necessarily  of  three  sets  of  strata — a  soft  external  lower  series  ;  a  hard  middle  one,  forming  the  oval 
mountain-lip  of  the  basin ;  and  a  soft  upper  series  enclosed  within  the  valley,  denuded  through  the  opening  in  one 
side  of  the  rim.  A  considerable  degree  of  synclinal  dip  on  one  side  at  least  of  the  axis  is  indispensable  to  the  existence 
of  this  structure. 

Of  examples,  we  may  mention  M'^Cauley's  Mountain,  a  small  insulated  elevated  coal-basin  near  the  Catawissa 
Valley.  It  is  a  short  mountain-trough  of  shallow  anthracite  Coal-measures,  girt  by  a  rim  of  the  hard  Serai  con- 
glomerate, breached  by  a  steep  ravine  or  crest-gap  on  the  S.  side,  where  the  dip  is  steep,  and  the  barrier  was  con- 
sequently comparatively  weak  against  the  general  rush  of  waters  from  the  N.W. — (See  the  Geological  Map  of  the 
Anthracite  Region.) 

Another  instance  which  may  be  cited  as  belonging,  perhaps,  most  appropriately  to  this  class,  is  that  of  Scrub 
Ridge  in  Bedford  County,  a  somewhat  elongated  mountain-basin  of  the  soft  Umhral  red  shcdes,  supported  within  an 
oval  barrier  of  hard  Vespertine  sandstones.  Here  likewise,  in  accordance  with  the  jjrevailiug  law  of  the  Appalachian 
flexures,  the  S.E.  barrier  of  the  synclinal  trough  is  steeply  dipping,  and  is  therefore  the  side  which  has  been  breached  ; 
the  breach  in  this  case  being  not  in  the  middle,  but  near  the  S.  end. — (See  the  General  Geological  ]Map.) 

2.  Lateral  Gaps  or  Breaches  at  the  Ends  of  Basins. — These  have  been  already  alluded  to  as  occurring  high  on  the 
bow  of  the  boat.  Their  very  general  position  in  the  Appalachian  chain,  as  seen  extensively  in  the  anthracite  basins, 
is  on  the  S.E.  or  S.  side ;  and  this  from  an  obvious  cause,  before  adverted  to — the  superior  steepness,  and  consequent 
slenderness,  of  the  outcropping  strata  of  that  margin.  Frequently  these  outlets  in  the  lower  more  denuded  S.E.  wall 
of  the  basin  are  not  narrow  deep  gaps  or  gorges,  but  rather  long  and  ragged  breaches,  such  as  that  in  the  E.  end  of 
the  Pottsville  basin  in  Sharp  Mountain  above  Maucli  Chunk,  and  that  in  the  S.W.  end  of  the  Shamokin  basin,  three 
miles  from  Trevorton.  Such  breaches  are  usually  worn  down  to  the  high  level  of  the  bed  of  the  valley  within  ;  but  as 
the  enclosing  mountain-rim  is  under  this  proximity  to  the  head  of  the  basin,  invariably  of  small  altitude  above  this 
bed,  the  notch-like  depth  and  form  do  not  exist.  On  the  exterior  of  the  mountain,  the  breach  prolongs  itself  down 
the  flank  in  a  wide  and  more  or  less  deep  ravine  or  great  galley,  the  channel  through  which  the  currents  making  the 
break  in  the  barrier  above  carved  their  course  to  the  plains  outside,  carrying  with  them  the  wreck  of  much  of  the 
coal  strata  of  the  head  of  the  basin,  and  that  of  all  the  other  rocks  that  lay  across  their  track. 
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lu  other  instances,  confiued  mountain-notches  do  occur,  near  the  extreme  ends  of  the  basins,  especially  in  the 
anthracite  region  ;  but  these,  as  in  the  examples  of  the  Bear  Gap  of  the  Wiconisco  Basin,  the  W.  gap  of  the  Mahanoy 
basin,  and  others,  exist  only  where  the  monoclinal  barrier  breached  is  strong  and  massive  ffom  the  moderate  degi-ee  of 
dip  of  its  hard  strata.  In  all  such  cases  there  is  likewise  an  external  gulley  or  great  trench,  prolonged  from  the 
bottom  of  the  gap  down  the  slope  of  the  mountain,  and  even  in  these  instances  of  deeper  notching,  the  height  of  this 
ravine,  or  difference  of  level  between  the  coal-basin  above  and  the  outside  valley  of  Umbral  red  shale  below,  amounts 
to  several  hundred  feet. 

There  is  yet  another  modification  of  this  lateral  outlet  at  the  ends  of  synclinal  valleys,  examples  of  which  are  to 
be  recognised  in  the  anthracite  country.  It  is  where  there  is  no  positive  notch  or  even  shallow  breach  in  the  barrier 
of  the  basin  ;  but  a  rising  up  of  the  bed  of  the  spoon-shaped  trough  to  the  very  level  of  the  mountain-rim,  or  a  general 
cutting-down  of  this  to  meet  the  high  point  of  the  basin,  and  on  the  outside  of  the  mountain  a  trench  or  ravine 
thi'ough  the  hard  barrier-rocks,  and  its  lower  softer  strata  down  to  the  external  plain.  Such  is  the  E.  termination 
of  the  South  Mahanoy  Coal-basin,  where  the  ravine  of  Pine  Creek  is  exterior  to  the  rim  of  conglomerate,  and  does 
not  notch  it  ;  and  such  very  nearly  at  least  is  the  outlet  at  the  extreme  Western  end  of  the  Mahanoy  basin,  where 
the  old  Minersville  Road  passes  across  the  tip  of  the  basin,  and  over,  but  not  through,  the  S.  boundary  of  conglomerate, 
and  down  the  exterior  mountain-side  through  f  long  ravine,  to  a  lower  level  of  several  hundred  feet. 

e.  Modifications  of  the  Phenomena  of  General  and  Local  Erosion  dependent  on  wide  Deviations  from 
Symmetri/  of  Structure  in  the  Anticlinals  and  Synclinals. 

In  the  preceding  sections  of  this  chapter  on  the  General  and  Local  Features  of  Erosion,  those  phenomena  chiefly 
were  considered  which  have  resulted  from  the  erosion  of  symmetrical  anticlinal  and  synclinal  belts,  or  such  as  possess 
approximately  equal  degrees  of  incurvation,  or  of  dip  on  both  sides  of  the  axes.  It  was  felt  that  it  might  complicate 
too  much  the  description  of  structures  not  very  easily  made  intelligible  in  words,  even  with  the  most  methodical  treat- 
ment, to  give  the  abnormal  or  deviating  forms  dependent  on  imsymmetrical  flexures,  under  the  same  heads  with  the 
regular  ones,  and  that  the  reader's  conceptions  would  be  clearer  if  they  M-ere  reviewed  in  a  group  by  themselves. 

A  strictly  exact  symmetry  in  the  external  features  of  the  ridges  and  valleys,  and  their  gaps,  can  of  course 
nowhere  prevail  even  under  the  most  equable  conditions  of  the  erosive  action  ;  for,  as  already  shown,  the  imdulations  of 
the  sti'ata,  which  determine  the  whole  character  of  the  orography,  are  very  seldom,  if  ever,  themselves  equilateral — 
that  is,  symmetrical  on  both  sides  of  their  axes,  oi*  highest  and  lowest  points.  But  a  moderate  amount  of  inequality  in 
the  two  slopes  of  the  waves  is  not  usually  productive  of  any  very  striking  topographical  irregularities  ;  and  as  such 
moderate  inequality  is  really  the  normal  condition  of  the  flexures  of  the  crust,  the  features  arising  therefrom  have  been 
viewed  as  regular.  Only  the  wider  departures,  therefore,  from  this  merely  approximate  equilateral  symmetry-  of  the 
denuded  anticlinals  and  synclinals,  connected  with  the  more  extreme  aberrations  from  an  equal  balancing  of  the  dips, 
will  be  here  submitted  to  review.  For  the  sake  of  greater  precision,  the  normal  or  only  moderately  inequilateral 
flexures  may  be  here  defined  as  those  in  which  the  average  difference  in  the  two  sets  of  dips  does  not  exceed  25"^  or  30', 
as  when  the  one  side  dips  30°  or  40°,  and  the  other  GO"  or  70°,  and  all  waves  of  more  unequal  slopes  than  this  are  to 
be  viewed  as  inequilateral,  and  productive  of  unsymmetry  in  the  topography.  These  may  be  classed  and  described  as 
follows,  restricting  our  attention  to  the  more  characteristic  only  of  the  abnormal  forms  immediately  connected  with 
anticlinal  and  synclinal  belts  and  their  accidents.  After  the  foregoing  fidl  account  given  of  the  various  regular  forms 
of  external  structure,  these  less  symmetrical  ones  need  not  detain  us  long. 

IX.— DENUDATION  OF  UNSYMMETEICAL  ANTICLINAL  BELTS. 

The  anticlinal  tracts,  in  which  there  prevails  a  marked  inequalitj'  between  the  dips  of  the  opposite  slopes  of  the 
waves,  may,  as  respects  their  features  of  denudation,  be  conveuicntly  divided  into  such  as  are  simple  ridges,  and  such 
as  are  elevated  belts,  denuded  along  their  axes  into  valleys. 

a.  Erosion  of  Unsymmetrical  Anticlinal  Ridges. 
All  anticlinal  ridges,  whether  curving  or  straight,  will  be  seen,  where  there  is  a  very  obvious  excess  of  steepness 
in  the  dips  of  one  flank  over  those  of  the  other,  to  have  the  anticlinal  line  or  axis  not  in  the  orographic  crest,  but 
more  or  less  down  on  the  steep  slope  of  the  side  of  greatest  dip,  and  therefore  often  not  far  in  horizontal  distance 
from  that  base.  And  they  may  be  observed,  furthermore,  in  their  declining  ends,  still  carrying  the  axis  more  to  one 
side  than  to  the  other,  to  taper  down  much  more  sharply  on  the  steep  than  on  the  gentle  side,  and  to  end  somewhat  like 
the  point  of  a  well-shaped  quill,  where  the  plumelets  on  one  border  of  the  shaft,  being  long,  come  bluntly  round  to  the 
tip,  while  the  shorter  opposite  ones  prolong  their  curving  margin  more  acutely  out.  In  a  horizontal  section,  therefore, 
of  such  a  ridge,  or  the  rudely  horizontal  one  made  by  denuding  waters,  the  curve  of  the  outcrops,  winding  round  the 
end  from  one  side  to  the  opposite,  resembles  much  in  its  difference  of  rapidity  of  flexure  on  the  two  sides  of  the  axis 
the  curve  of  the  dip  itself,  or  the  form  of  the  wave  as  cut  by  a  vertical  section.    A  nice  estimation  of  the  form  or  style 
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of  this  curve  of  outcrop  iu  its  two  wings  or  branches  is  of  essential  importance  to  the  field -geologist  iu  tracing  strata 
round  the  ends  of  anticlinals. 

Where  the  dip  on  the  steeper  side  of  the  axis  is  perpendicular  or  inverted,  the  abruptness  of  the  turn  in  the  out- 
crops at  the  axis  is  extreme — so  rapid,  indeed,  as  frequently  to  elude  attention,  the  more  especially  as  it  very  often 
happens  in  such  cases,  that  the  axis  where  this  turn  occurs  below  the  crest  of  the  hill  is  covered  and  concealed  by  a 
load  of  fallen  fragments  from  above.  It  is  not  an  uncnmmon  occurrence  in  the  Appalachians,  where  the  strata  on  one 
side  of  the  axis  are  much  inverted,  to  find  this  saddle-liae  at  the  actual  foot,  or  very  low  on  the  flank  of  the  mountain, 
the  whole  of  the  upper  rocks  of  the  inverted  set  being  in  these  cases  crushed  and  cut  away  by  denudation  to  the  level 
of  the  adjoining  valley. 

"b.  Erosion  of  Unsymmetrical  Anticlinal  Valleys. 
As  in  the  instance  of  many  anticlinal  ridges,  the  axis  or  line  of  sharpest  bend  in  many  anticlinals  denuded 
centrally  into  valleys  is  not  a  medial  line,  but  lies  near  to  one  side.  This  condition  prevails  where  one  leg  of  the  crust- 
wave  is  very  steep  compared  with  the  other,  or  the  whole  flexure  approaches  to  a  fold  with  inversion.  In  all  such 
cases  where  the  strata  of  the  steep-dippiug  side  are  perpendicular  or  overtm-ned,  the  harder  rocks  of  this  border  of  the 
valley  are  greatly  more  eroded  or  cut  down  than  the  flatter-dipping  ones  of  the  other  flank  of  the  wave.  So  much  is 
this  the  condition,  indeed,  in  many  of  the  larger  Appalachian  anticlinals,  that  while  one  of  the  monoclinal  bounding 
ridges  is  a  bold  and  massive  mountain,  the  other,  with  the  vertically-dipping  beds,  is  often  a  low,  narrow,  and  broken 
crest,  or  a  mere  line  of  ragged  hills.  Where  such  is  the  structure,  the  anticlinal  valley  is  of  course  not  a  regular  oval 
one,  but  it  is  straightest  on  the  side  of  the  steep  dips  ;  and  the  bed  of  the  valley  slopes,  moreover,  laterally  towards  that 
margin,  from  its  being  the  side  of  easiest  and  deepest  erosion.  It  also  generally  happens  that  the  barrier  on  this  side, 
even  where  it  is  not  greatly  broken  down,  is  pierced  by  one  or  several  gaps,  while  that  of  the  opposite  flank,  massive 
and  resisting,  from  the  wide  breasts  of  hai'd  strata  above  the  general  valley-level  in  consequence  of  gentler  dips,  is 
entire,  or  without  a  notch.  This  state  of  matters  exists  in  Milliken's  Cove,  an  anticlinal  valley  of  Will's  Mountain,  near 
Bedford.— (See  Plate  at  p.  368,  Vol.  I.) 


Tiie  annexed  Sketch,  accidentally  omitted  at  page  774  of  this  volume,  wliere  it  appropriately  belongs,  repre- 
sents a  naked  surface  of  Umbral  Red  Sandstone,  smoothed  and  striated  by  the  passage  of  the  boulder-drift.  The  localitj- 
is  the  Wilkesbarre  and  Easton  turnpike  road,  nearly  S.  of  the  "  Prospect  Rock,"  on  the  S.  side  of  the  Wyoming  Valley. 
It  exhibits  a  condition  of  the  abraded  rocky  floor  of  the  drift,  abundantly  met  with  throughout  this  mountain-slope,  and 
which  is  very  instructive.  The  rocky  snrfices  dip  from  .30"  to  4.5°  towards  the  N.AV.,  or  into  the  Wyoming  Valley,  and 
the  boulder- scratches  point  obliquely  np  the  mountain-slope  towards  the  S.W.,  as  indicated  iu  the  cut,  as  if  produced 
by  fragmentary  debris  violently  propelled  against  the  sloping  mountain-wall  of  the  valley  from  the  N.,  and  deflected  up 
and  along  the  inclined  plane  out  of  the  normal  course  of  the  unimpeded  drift,  which,  except  where  thus  obstructed  and 
tui'ned  aside,  observes  a  somewhat  constant  direction  of  S.S.E.  The  extensive  prevalence  throughout  Northern  Pennsyl- 
vania, and  many  other  districts,  of  this  ascending  striation,  effectually  refutes,  I  conceive,  the  Glacial  Theory  of  Drift, 
as  far,  at  least,  as  it  essays  to  explain  the  phenomena  in  North  America.  The  strife  if  caused  by  Glaciers  should 
(hscmd  this  moimtain,  which  is  as  high  as  any  within  a  wide  space  around  it. 


Fig.  7fiG.  —Diluvial  Scratches  deflected  up  aud  along  the  South 
Mountain  barriei-  of  the  Wyoming  Valley. 
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Having  presented  iu  Books  VIII.  and  IX.  as  accurate  and  complete  a  description  of  the  Coal- 
fields of  Pennsylvania  as  the  information  derived  from  the  Geological  Survey  of  the  State  admits, 
I  propose,  before  quitting  the  subject  of  Coal,  to  furnish  the  reader  with  a  general  account  of 
all  the  other  great  Coal-fields  of  the  United  States  and  the  British  Provinces,  that  the  relative 
wealth  and  industrial  capacity  of  our  own  favoured  region  may  be  correctly  estimated  in  com- 
parison with  those  of  other  districts  of  North  America. 

With  a  similar  view  of  comparing  or  contrasting  the  resources  iu  Fossil  Fuel  of  Pennsyl- 
vania, and  other  parts  of  the  United  States,  with  those  of  other  countries,  I  shall  in  a  later  divi- 
sion of  this  work  introduce  a  somewhat  analogous  synoptic  sketch  of  the  chief  Coal-Basins  of 
Europe. 

The  reader  will  derive  much  assistance  in  the  perusal  of  the  following  descriptions,  from  a 
frequent  inspection  of  the  Author's  Geological  Maj)  of  the  United  States,  upon  Avhich  he  will  find 
all  the  Coal-fields  of  the  country  carefully  delineated,  and  their  relations  shown  to  the  other  for- 
mations. 


CHAPTER  I. 

DESCRIPTION  OF  THE  COAL-FIELDS  OF  THE  PROVINCES  OF  BRITISH  AMERICA. 

The  Coal-formation  of  that  portion  of  the  British  Provinces  which  encircles  the  Gulf  of 
St  Lawrence  occupies  numerous  detached  areas.  According  to  Professor  J.  W.  Dawson,  to 
whose  interesting  description  of  the  geology  of  Nova  Scotia  and  neighbouring  provinces,  entitled 
Acadian  Geology,  we  are  indebted  for  the  chief  facts  embodied  in  the  following  statement,  the 
formation  consists  of  two  groups  of  strata,  the  upper  composed  of  greyish  and  reddish  sandstones 
and  shales,  with  beds  of  conglomerate,  and  thin  beds  of  limestone  and  coal,  the  latter  not  econo- 
mically important — in  all  more  than  3000  feet  thick  ;  the  lower  of  dark-grey  sandstones  and 
shales,  with  occasional  reddish  and  brown  beds  of  bituminous  limestone,  and  valuable  seams  of 
coal  and  ironstone,  all  possessing  a  thickness  of  more  than  4000  feet. 

These  Coal-measures  are  underlaid  by  a  lower  carboniferous  group  called  the  Gypsiferous 
Formation  :  this  is  composed  of  reddish  and  grey  sandstones  and  shales  chiefly  in  the  upper  part, 
conglomerate  in  the  lower  part,  and  thick  beds  of  limestone,  with  marine  shells  and  beds  of 
gypsum — the  whole  group  being  more  than  6000  feet  thick. 
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The  Upper  Coal-measures  contain  the  usual  vegetable  remains  of  the  coal-formation  in  its  more 
terrestrial  type,  the  fossils  being  ferns,  calamites,  coniferous  wood,  &c.  The  Lower  Coal-measures 
exhibit,  on  the  other  hand,  mingled  with  this  characteristic  vegetation,  the  remains  of  shell-fish, 
ganoid  fishes,  and  of  three  species  of  reptiles.  The  Lower  Carboniferous,  or  Gypsiferous  forma- 
tion, displays  a  blending  of  the  fossil  vegetation  distinctive  of  the  coal  strata,  with  numerous 
shells,  corals,  and  other  relics  of  a  decidedly  marine  type. 

The  general  area  occupied  by  the  Carboniferous  rocks  of  Nova  Scotia  is  subdivided,  by 
belts  of  the  more  ancient  rocks,  into  eight  separate  coal-fields  : — 

1.  The  Cumberland  coal  district,  bounded  S.  by  the  Cobequid  Hills,  and  united  on  tlie  N.W.  with  the  great 
coal-field  of  New  Brunswick. 

2.  The  Hants  and  Colchester  district,  including  a  long  strip  S.  of  the  Cobequids,  and  another  in  the  valley 
of  the  Musquodoboit  River. 

3.  The  Pictou  district,  uniting  W.  with  both  of  the  preceding. 

4.  The  Sydney  district,  bounded  by  metamorphic  rocks. 

5.  A  belt  of  carboniferous  rocks,  probably  without  Coal-measures,  extending  from  the  Straits  of  Canseau, 
West  through  the  County  of  Guysborough. 

6.  The  Richmond  and  South  Inverness  district. 

7.  The  Inverness  and  Victoria  district. 

S.  The  Carboniferous  district  of  Cape  Breton  County. 

The  reader  will  observe  that  the  above  is  rather  a  classification  of  the  geographical  distribu- 
tion of  the  carboniferous  formation  generally  than  of  the  upper  half  of  it,  the  lower  group  of 
which  alone  contains  any  valuable  coal-seams.  Condensing  the  descriptions  of  the  author  of 
the  Acadian  Geology,  I  shall  proceed  to  sketch  the  principal  geological  features  of  these  carboni- 
ferous basins  in  the  order  here  presented. 

The  Cumberland  carboniferous  area  is  a  somewhat  regular  synclinal  trough  ;  its  S.  side 
exhibits  the  lower  carboniferous  rocks  stretching  along  the  base  of  the  Cobequids,  and  dipping 
N.  towards  the  middle  of  the  basin,  and  upon  these  rest  the  strata  of  the  Lower  or  productive 
Coal  group,  observing  the  same  dip.  In  the  centre  of  the  trough,  the  ITpper  or  unproductive 
Coal-measures  are  seen  to  basin,  inclining  first  to  the  N.  at  a  gradually-subsiding  angle,  and 
then  dipping  S.  The  N.  side  of  the  basin  displays  the  older  Coal-measures,  and  the  Lower  Car- 
boniferous group  elevated  in  a  bold  anticlinal  flexure,  and  finally  dipping  N.  again  into  the  broad 
coal-field  of  New  Brunswick.  One  of  the  finest  natural  sections  of  the  carboniferous  series  to 
be  met  with  on  the  Continent  is  that  which  is  presented  by  the  truncated  Western  end  of  the 
Cumberland  trough,  in  the  cliffs  facing  Chiegnecto  Bay.  According  to  Sir  William  Logan, — the 
first  to  give  a  detailed  description  of  this  locality, — the  part  of  the  section  called  the  South 
Joggins  exposes  nearly  the  N.  side  of  the  basin,  showing  the  strata  for  about  10  miles  under  dips 
varying  from  1 9°  to  2.5°.  It  has  Ijeen  computed  that  the  strata  here  exposed  possess  a  vertical 
thickness  of  at  least  14,000  feet,  measuring  from  the  top  of  the  coal  strata  to  the  marine  lime- 
stones of  the  lower  carboniferous  group  ;  and  it  is  said  that  seventy  separate  seams  of  coal  are 
to  be  counted,  each  with  its  roof-slate  and  under-clay. 

The  oldest  beds  of  the  Lower  Carboniferous  series,  better  studied  near  Amherst,  consist  of 
sandstones  and  marly  clays,  imbedding  thick  layers  of  marine  fossiliferous  limestone  and  gypsum. 
The  limestone  group  is  overlaid  by  a  succession  of  sandstones  and  shales  ;  among  these  beds, 
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some  of  which  are  reddish,  occur  layers  of  gypsum  and  sandy  limestone,  and  some  of  the  grey 
sandstones  contain  fragments  of  fossil  trees  in  a  coaly  state. 

The  next  group,  estimated  to  be  3240  feet  thick,  contains  nine  thin  seams  of  coal,  in  all  only 
1 0  inches  thick  ;  also  several  layers  of  hard  bituminous  black  limestone,  distinguished  by  small 
enamel-like  shining  scales  of  ganoid  fishes  ;  the  grey  sandstones  are  full  of  fossil  plants.  It  is 
from  some  of  these  layers  that  the  United  States  derive  their  chief  supply  of  the  well-known 
Nova  Scotia  grindstones,  in  such  extensive  use  throughout  the  country. 

Overlying  the  group  last  described  occurs  a  group  of  strata  2082  feet  thick,  containing  no 
coal-beds  or  bituminous  limestone,  and  but  little  fossil  vegetation,  but  abounding  in  reddish 
shales,  and  reddish  and  grey  sandstones.  The  top  of  this  group  brings  us  to  the  base  of  the  true 
Coal-measures,  the  estimated  level  of  which  is  7636  feet  above  that  of  the  base  of  the  lower 
carboniferous  rocks.  These  Coal-measures  have  been  divided  by  Professor  Dawson  into  twenty- 
nine  groups,  estimated  by  him  to  possess  an  aggregate  vertical  thickness  of  2819  feet.  The  total 
number  of  coal-seams  of  all  dimensions  in  this  division  of  the  formation  is  forty-seven  ;  of  these 
there  are  forty  of  all  sizes,  from  a  thickness  of  half  an  inch  to  one  of  14  inches.  Of  the  remaining 
seven  beds,  the  thinnest  is  1 8  inches  thick,  and  the  thickest  5  feet ;  their  aggregate  gross  bulk  is 
2S^  feet,  but  only  five  of  them  are  of  a  size  adapted  to  economical  mining  :  their  aggregate  thick- 
ness is  about  20  feet,  and  the  nett  quantity  of  coal,  rejecting  the  slaty  partings,  is  probably  about 
16  feet. 

Some  of  the  groups  or  subdivisions  of  the  productive  Coal-measures  are  unusually  interest- 
ing for  their  organic  remains  ;  not  a  few  of  them  contain  sandstone-casts-  of  the  stumps  and 
stems  of  the  tree-like  plants  of  the  coal  period,  standing  athwart  the  strata,  or  in  an  upright 
attitude  in  relation  to  the  originally  horizontal  bedding  of  the  deposits.  In  one  thick  series  of 
beds,  Group  XTIL,  there  are  not  fewer  than  thirteen  distinct  forest  surfaces  marked  by  erect 
trees,  or  the  under-clays  of  the  coals,  deemed  to  be  the  soils  of  as  many  swamps  or  jungles  ;  and 
alternating  with  these  are  five  layers,  imbedding  marine  fossil  shells,  aU  implying  as  many  periods 
of  submersion  beneath  the  sea.  Some  of  the  limestone-beds  contain  numerous  remains  ofModiola, 
a  delicate  shell  ;  Cypris,  a  small  crustacean  animal ;  the  scales  of  fishes ;  and  even  coprolites, 
the  fossilised  dung  of  probably  some  aquatic  reptile.  One  group,  No.  XV.,  is  especially  interest- 
ing, as  containing  the  bones  of  a  curious  reptile,  the  Dendrerpeton  Acadianum,  and  the  shell  of 
a  snail  or  land-shell,  all  found  in  the  interior  of  an  upright  stump  of  a  tree  mixed  with  sand, 
decayed  wood,  and  fragments  of  plants,  which  seem  to  have  fallen  into  the  tree  after  it  became 
hollow.  These  curious  evidences  of  an  ancient  dry-land,  discovered  in  1852  by  Sir  Charles 
LyeU  and  Professor  Dawson,  were  incased  in  a  bed  of  argillaceous  sandstone  9  feet  thick,  imbed- 
ding numerous  other  erect  plants. 

Sir  William  Logan  conceives  that  the  physical  conditions  attending  the  production  of  the 
coal  strata  exposed  at  the  Joggins,  were  "  gradual  and  long-continued  subsidence,  with  occasional 
elevatory  movements  going  on  in  an  extensive  alluvial  tract  teeming  with  vegetable  life,  and 
receiving  large  supplies  of  fine  detrital  matter.  On  the  one  hand,  subsidence  tended  to  restore 
the  original  dominion  of  the  water  ;  on  the  other,  elevation  silted  up,  and  vegetable  and 
animal  growth  built  u]d,  successive  surfaces  with  dry  land.  For  a  very  long  period  these  oppos- 
ing forces  were  alternately  victorious,  without  effecting  any  very  decided  or  permanent  conquest  ; 
and  it  is  very  probable  that  the  locality  of  our  section  was,  during  this  period,  near  the  margin  of 


COAL-FIELD  OF  NEW  BRUNSWICK 


945 


the  alluvial  tract  in  question,  where  the  various  changes  of  the  conflict  were  more  sensibly  felt 
and  more  easily  recorded  than  nearer  the  open  sea  or  farther  inland." 

The  whole  series  of  carboniferous  strata  exposed  at  the  Joggins  has  been  subdivided  by  Sir 
William  Logan  into  the  eight  following  groups  : — 

Nos.  I.  and  II. — Grey  and  yellowish  Sandstones  and  Conglomerates,  and  dark-red,  chocolate-coloured,  and 
grey  argillaceous  and  sandy  Shales.  Remain  of  drifted  and  some  erect  coal-plants.  Thickness  2267  feet. 
Professor  Dawson  regards  these  groups  as  identical  with  the  upper  coal-formation  at  Pictou. 

No.  III. — Grey  and  reddish  Sandstones  and  Shales,  carbonaceous  shales,  under-clays,  and  22  seams  of  coal ; 
erect  plants  at  two  levels.    Thickness,  2134  feet. 

No.  IV. — Grey  and  reddish  Sandstones,  and  grey,  reddish,  and  chocolate-coloured  Shales — the  grey  most 
abundant.  Carbonaceous  shales,  bituminous  limestones,  under-clays,  and  45  seams  of  coal ;  erect  plants  at 
18  levels.    Modiola  and  fish-scales.    Thickness,  2539  feet. 

No.  V. — Reddish  and  grey  Sandstones,  and  red  and  green  Shales,  red  beds  predominating.  Calcareous  con- 
cretions ;  remains  of  carbonised  plants.    Thickness,  2082  feet. 

No.  VI. — Grey,  drab,  and  reddish  Sandstones  two-thirds  of  the  mass,  grey  and  reddish  Shales,  under-clays 
and  Bituminous  Limestones  ;  9  seams  of  coal,  drifted  plants  abundant,  and  upright  stems  at  one  level.  M odiola 
and  fish-scales.  Thickness,  3241  feet.  (Groups  Nos.  Ill,  IV.,  V.,  VI.  are  regarded  by  Sir  William  Logan  as 
representing  the  productive  Coal-measures  of  Pictou  and  Sydney,  and  some  of  the  underlying  sandstones.) 

Nos.  VII.  and  VIII. — Reddish  and  grey  Sandstone,  red  Conglomerate,  red  and  chocolate-coloured  Shales, 
concretionary  Limestone,  and  two  beds  of  Gypsum  ;  plants.    Thickness,  2308  feet. 

These  rocks,  together  with  a  thick  underlying  bed  of  limestone,  represent  the  lower  carboni- 
ferous or  gypsiferous  series  of  Winsor,  Pictou,  and  other  localities. 

The  whole  coal-series,  measuring,  according  to  Sir  William  Logan,  14,570  feet  vertical 
thickness,  embraces  76  beds  of  coal,  all,  with  two  exceptions,  resting  on  Stigmaria  under-clays. 
There  are,  besides,  16  similar  under-clays  without  coals  above  them  ;  erect  plants  occur  at  22 
horizons  ;  and  there  are  24  bituminous  limestones,  of  which  17  are  closely  associated  with  seains 
of  coal. 

Clay  ironstone,  in  balls  and  irregular  bands,  occurs  among  the  strata  at  the  Joggins,  but  not 
in  sufficient  abundance  to  be  valuable.  Grindstones,  a  useful  product  of  these  strata,  are  quar- 
ried on  a  large  scale,  36,712  tons  having  been  exported  from  Cumberland  in  1851.  Limestone 
and  gypsum  abound  in  the  belt  of  country  stretching  from  Minudie  to  Pugwash.  Some  of  the 
beds  of  black  bituminous  limestone  abound  in  scales  and  bones  of  fishes,  and  contain  therefore  a 
sufficient  quantity  of  phosphate  of  lime  to  constitute  the  material  a  valuable  manure. 


COAL-FIELD  OF  NEW  BRUNSWICK. 

The  extensive  coal-field  of  New  Brunswick  is  divided  from  that  of  Cumberland,  just 
described,  by  an  anticlinal  belt  of  the  older  Carboniferous  rocks,  the  axis  of  which  passes  through 
Chiegnecto  Bay.  North  of  this  axis,  the  coal-rocks  occupy  a  rather  slender  basin,  bounded  on 
its  N.  by  a  range  of  metamorphic  strata  culminating  in  Shepody  Mountain,  the  synclinal  centre 
of  the  trough  crossing  Shepody  Bay.  This  basin  heads  towards  the  W.S.W.,  and  expands 
between  the  Petitcodiac  and  the  sea-coast  at  Northumberland  Strait.  North  of  the  zone  of 
older  rocks  of  the  Shepody  Mountain  spreads  the  main  carboniferous  area  of  the  province,  North- 
ward as  far  as  the  Bay  of  Chaleurs,  and  Westward  as  far  as  Oromucto  Lake.    This  is  a  broad 
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triaugiilar  tract,  150  miles  long  from  S.  to  N.,  and  100  miles  wide  from  the  sea-coast  Westward. 
We  may  infer  from  its  wide  extent,  and  from  the  undulated  outline  of  its  Western  border,  that 
it  is  not  one  simple  basin,  but  a  succession  of  broad  and  shallow  troughs,  and  intervenino- 
anticlinal  flexures. 

It  would  appear,  from  the  researches  of  the  Canadian  geologists,  that  the  basin  of  Shepody 
Bay  is  wanting  in  the  middle  and  upper  Coal-measures,  its  highest  strata  appertaining  to  the 
lower  Coal-measures  and  the  lower  carboniferous  series.  Professor  Dawson  alleges  that  such, 
indeed,  is  the  character  of  the  entire  coal  area  of  New  Brunswick,  where  lower  carboniferous 
rocks,  closely  resembling  those  of  Nova  Scotia,  seem  to  underlie  a  large  portion  of  the  basin, 
usually  coloured  in  the  geological  maps  as  one  continuous  coal-field.  The  productive  Coal-mea- 
sures are  evidently  developed  on  a  comparatively  limited  scale  in  this  province  ;  no  actually 
valuable  bed  of  coal  has  yet  been  brought  to  light,  though  beds  of  cannel  coal,  resembling 
bituminous  shales,  and  thin  seams  of  ordinary  coal,  do  occur.  The  most  important,  certainly  the 
most  curious,  mass  of  fuel  in  this  district  is  the  bed  or  vein  of  the  Albert  Mine  near  Hills- 
borough. This  substance,  the  chemical  nature  and  geological  relations  of  which  have  occasioned 
much  discussion  in  connection  with  a  legal  definition,  does  not  wear  the  aspect  of  an  ordinary 
coal,  but  is  a  much  more  fusible  substance  of  a  splendent  resinous  lustre,  and  a  perfect  conchoidal 
fracture.  It  is  destitute  of  the  lamination  of  coal,  but  has  the  structure  of  a  pasty  substance, 
which  has  been  stirred  while  in  a  jilastic  state  before  consolidation.  Its  powder  and  streak  are 
black,  and  it  is  very  brittle  ;  its  specific  gravity,  about  1.10,  is  less  than  that  of  the  lightest 
varieties  of  common  coal ;  it  emits  a  bituminous  odour,  pufis  when  exposed  to  flame,  evolves 
a  copious  volume  of  gas,  and  melts  in  a  close  vessel,  but  not  in  the  open  air.  In  these  properties 
it  resembles  jet  or  pitch  coal.  As  this  substance  contains  the  unusual  proportion  of  57  per  cent 
of  volatile  inflammable  matter,  it  is  admirably  adapted  for  the  economical  production  of  illumi- 
nating gas,  for  which  it  has  been  successfully  employed. 

As  exposed  in  and  near  the  Albert  Mine,  this  material  would  seem  not  so  much  to  consti- 
tute a  true  bed  or  layer  conformably  imbedded  between  the  strata,  as  to  fiU  an  irregular  fissure 
or  fissures  connected  with  a  dislocation  of  the  strata.  Professor  Dawson  supposes  it  to  have 
been  a  bed  of  true  coal  disturbed  and  contorted  while  soft,  and  with  the  enclosing  rock  bent 
into  a  sharp  arch,  the  arch  to  have  been  dislocated  and  denuded  in  its  upper  part,  making  the 
strata  on  the  one  side  of  the  coal  to  abut  against  it,  and  to  squeeze  it  while  in  a  plastic  state 
into  the  adjoining  fissures  :  if  so,  the  carbonaceous  mass  must  eventually  resolve  itself  in  the 
progress  of  mining  into  a  regular  coal-seam,  with  conforming  floor  and  roof.  The  question  here 
arises,  will  it  then  possess  the  abnormal  chemical  and  physical  properties  which  it  at  present 
exhibits  ?  It  is  difficult  to  conceive  how  these  can  have  arisen  from  mere  mechanical  pressure, 
however  energetic,  upon  a  bed  of  ordinary  coal,  even  though  softened  and  rendered  plastic  by 
heat ;  and  this  objection  becomes  stronger  when  we  reflect  that  hitherto  no  instances  of  a  change 
in  the  nature  of  a  coal  have  ever  been  found  to  accompany  the  faults  and  squeezes  so  common 
in  nearly  all  coal-fields.  It  is  barely  possible  that  this  bed  of  carbonaceous  matter,  originally 
very  hydrogenous,  and  easily  softened  or  rendered  plastic  by  heat  under  an  excessive  squeeze 
exerted  at  a  line  of  flexure  or  fault,  may  have  extruded  its  more  fused  or  liquid  portion  from  out 
of  the  more  solid  part  of  the  bed  into  the  vacant  fissure,  very  much  after  the  manner  in  which  the 
fluid  oils  separate  from  the  solid  fatty  bodies  with  which  they  are  associated  in  animal  structures. 
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But  this  modified  form  of  the  hypothesis  lacks  support  upon  the  ground  already  mentioned, 
that  the  history  of  mining  has  hitherto  failed  to  exhibit  any  io  stances  of  such  exudation  of  the 
bituminous  portions  of  coal-seams,  or  indeed  any  change  of  chemical  composition  from  mere  com- 
pression. ^\Tiile,  therefore,  we  cannot  doubt  that  the  material  exposed  within  and  around  the 
Albert  Mine  was  in  a  pasty  state  at  the  time  it  assumed  its  present  position  between  the  rocks, 
we  can  hardly  assume  it  to  be  either  a  metamorpbosed  condition  of  true  coal,  or  a  derivative 
part  of  a  genuine  coal-seam,  but  itself  an  original  product  or  formation  ;  in  other  words,  a 
genuine  coal  elaborated  by  chemical  action  from  vegetable  matter,  and  thrown  while  soft,  or  after 
it  had  been  rendered  plastic,  into  its  present  posture  by  forcible  disturbance  of  the  strata.  To 
account  for  its  peculiarities  of  composition,  we  must  look  rather  to  conditions  under  which  the 
deposit  was  originally  collected  and  elaborated,  than  to  any  subsequent  changes  attributable  to 
geological  forces.  Regarded  from  a  geological  point  of  view,  this  much-discussed  hydro-carbon 
must  rank  therefore  as  a  genuine  coal,  using  this  word  to  designate  not  a  specific  mineral  or 
chemical  compound,  but  a  genus  of  substances  having  a  common  or  similar  geological  history, 
possessing  carbon  for  their  base  or  principal  constituent,  traceable  to  a  similar  origin  in  vege- 
table matter,  and  applicable  to  similar  uses  in  the  arts. 


CAEBONIFEROUS  DISTEICT  OF  COLCHESTEE  AND  HANTS. 

There  is  an  extensive  irregular  basin  of  carboniferous  rocks  on  the  S.  side  of  the  Cobequid 
Hills,  which  possesses  as  large  an  area  as  the  basin  of  Cumberland ;  its  general  Southern  boundary 
is  the  Northern  base  of  the  Horton  and  Ardoise  Hills,  against  the  ancient  rocks  of  which  the 
lower  carboniferous  beds  lean  at  a  high  angle.  This  tract  appears  to  have  the  structure  of  an 
undulating  trough,  the  main  synclinal  axis  of  which  ranges  E.  and  W.  through  the  basin  of 
Minas,  passing  South  of  the  Pictou  coal-field  ;  it  contains  but  a  very  limited  tract  of  productive 
Coal-measures,  by  far  the  largest  portion  of  the  district  consisting  of  only  the  lower  carbonifer- 
ous series,  which  are  to  be  found  here  as  well  exposed,  and  under  as  full  development,  as  the 
Coal-measures  are  at  the  Joggins. 

These  lower  carboniferous  rocks  consist  for  the  most  part  of  grey  sandstones  and  dark  shales, 
some  of  the  former  containing  well-preserved  coal-plants.  At  Horton  Bluff"  there  occur  also 
many  layers  of  coarse  limestone  among  grey  and  red  sandstones  and  marls.  The  enamelled 
scales  and  pointed  conical  teeth  of  PalcBoniscus  and  other  ganoid  fishes  are  abundant  in  some 
of  the  shales  in  this  locality,  while  other  beds  contain  the  trunks,  branches,  and  leaves  of  Lepi- 
dodendron  and  other  coal-plants.  The  Horton  shales  are  regarded  as  the  geological  equivalents 
of  the  strata  of  Hillborough,  but  they  have  not  disclosed  any  seam  of  the  remarkable  bituminous 
matter  exposed  at  the  Albert  Mine.  One  stratum  exhibits  stems  of  Lepidodendron  rooted  in 
an  erect  position  across  the  strata ;  older  relics  of  a  fossil  forest  are  nowhere  known.  In  the 
same  group  of  strata  it  is  not  uncommon  to  find  the  Coprolites,  or  fossilised  excrements  of 
fishes  ;  and  even  the  footprints  of  a  small  reptile  have  been  noticed.  No  seam  of  coal  has  been 
met  with  in  these  lower  strata.  Many  of  the  strata  of  this  basin  are  of  a  strictly  marine  type, 
being  flaggy  limestones,  imbedding  numerous  fossil-shells  belonging  to  species  of  Productus, 
Spirifer,  and  Terehy-atula,  which  are  indicative  of  a  marine  origin,  and  characteristic  of  the  early 
carboniferous  ages.    Associated  with  the  marls  and  limestones  of  this  group  is  much  white 
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crystalline  gypsum,  whicli  makes  a  conspicuous  display  from  its  whiteness.  This  valuable  mate- 
rial is  developed  on  a  large  scale  at  Windsor,  where  there  are  great  quarries  of  it.  A  very 
striking  natural  exposure  of  the  gypsum  occurs  on  the  St  Croix  Eiver,  where  the  material 
stands  forward  in  glittering  whiteness  from  the  face  of  a  long  range  of  cliffs. 

The  Coal-measures  of  this  broad  basin  occur  chiefly  in  the  neighbourhood  of  the  Folly  Eiver, 
across  which  they  stretch  from  near  Cape  Chiegnecto  to  the  upper  part  of  the  Salmon  River. 
These  coal-rocks  repose  on  the  oldest  grits  of  the  lower  carboniferous  series,  without  being 
underlaid  by  any  intervening  marine  limestones.  The  group  consists  of  grey  sandstones  and  dark 
shales,  imbedding  a  few  thin  layers  of  coal.  On  the  Salmon  River  they  contain  a  bed  of  coal 
about  2  feet  thick,  accompanied  by  shale  imbedding  characteristic  coal-fossils. 

The  carboniferous  district  of  Colchester  divides  into  three  sub-basins  E.  of  the  Shubenacadie, 
by  the  intrusion  of  narrow  belts  of  metamorphic  strata.  The  most  Northern  follows  the  valley 
of  Salmon  River  into  the  Pictou  district ;  the  other  two  sub-basins  do  not  contain  the  coal- 
formation  in  their  extension  E. 

It  is  stated  that  nearly  80,000  tons  of  gypsum  were  quarried  and  exported  in  1851  from 
Windsor,  Shubenacadie,  and  other  localities  of  the  gypsum-bearing  strata  accessible  to  shipping. 

Iron  ore,  but  not  in  quantities  sufl&cient  for  smelting  operations,  is  to  be  met  with  near  the 
entrance  to  the  Shubenacadie,  among  the  lower  carboniferous  strata. 

Coal,  but  in  thin  seams,  none  of  them  exceeding  18  inches  in  diameter,  occurs,  according  to 
Professor  Dawson,  at  Salmon  River,  North  River,  Chiganois  River,  De  Bert  River,  Folly  River, 
and  Great  Village  River,  and  appears  at  intervals  as  far  W.  as  Cape  Chiegnecto. 

CARBONIFEEOUS  DISTEICT  OF  PICTOU. 

The  carboniferous  basin  of  Pictou,  bounded  on  the  S.  by  the  older  schistose  rocks  of  the  N. 
slopes  of  the  Blue  Mountain  and  the  Cobequid  Mountain,  contains  a  full  development  of  both 
the  lower  carboniferous  series  and  the  productive  Coal-measures.  The  lower  carboniferous 
rocks  half  enclose  it  in  a  crescent-shaped  belt,  extending  from  the  coast  a  little  West  of  Arisaig, 
S.W.  and  N.W.  to  Tatmagouche  Bay.  This  group  of  strata  consists  in  this  basin  of  conglome- 
rates, with  interstratified  beds  of  amygdaloidal  trap-rocks  as  a  bottom  group,  and  upon  these 
a  succession  of  reddish  and  grey  sandstones  and  shales — a  thick  limestone,  "with  characteristic 
fossils,  forming  the  upper  part  of  the  series ;  while  associated  with  the  limestone  are  layers  of 
marl  and  gypsum. 

The  Coal-measures  consist  of  the  very  same  materials  as  they  do  at  the  Joggins,  except  that 
instead  of  containing  a  multitude  of  thin  seams  of  coal  and  bituminous  shale,  they  here  enclose 
only  a  few  beds  of  comparatively  great  thickness.  They  are  well  exposed  on  the  East  River  of 
Pictou,  especially  around  the  Albion  Mines.  At  this  locality  the  strata,  according  to  Professor 
Dawson,  have  a  thickness  of  about  800  feet,  and  are  chiefly  black  shales,  with  Ci/pris  and 
ferns,  and  other  fossil  plants.  The  number  of  coal-seams  is  five  or  six,  the  two  largest  measur- 
ing respectively  37 h  and  22  feet  :  the  thicker  of  these,  called  the  Main  Seam,  is  traceable  by 
its  outcrop  for  several  mUes,  and  has  already  been  extensively  wrought.  A  serious  fault,  or  line 
of  disturbance,  cuts  off"  the  Coal-measures  towards  the  N.,  or  on  the  coast,  by  causing  a 
downthrow  of  a  thick  bed  of  conglomerate  w^hich  overlies  the  coal.  This  conglomerate,  unlike  that 
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of  the  lower  carboniferous  group,  is  composed  of  large  pebbles  cemented  by  calcareous  matter  : 
it  is  imagined  by  Professor  Dawson  to  represent  an  ancient  gravelled  beach,  contemporaneous 
with  the  Albion  Coal-measures,  and  isolating  them  from  the  wider  area  of  coal  strata  on  the  N. 
towards  Pictou.  He  "  conceives  that  the  Albion  coal  was  formed  in  a  depressed  space  separated 
by  a  shingle  bar  from  the  more  exposed  flats  without,"  accounting  thus  "  for  the  great  thick- 
ness of  the  deposits  of  coal  and  carbonaceous  shale,  the  absence  of  sandstones,  and  the  peculiar 
textures  and  qualities  of  the  coal,  as  well  as  the  association  with  it  of  remains  of  fish  and  Cypris, 
since  modern  analogies  show  that  such  an  enclosed  space  might  be  alternately  a  swamp  and 
lagoon,  without  any  marked  change  in  the  nature  of  the  mechanical  deposits." 

It  would  appear  that  the  synclinal  axis  of  the  Pictou  coal-field  cannot  be  far  from  the  town 
of  that  name,  since,  according  to  Professor  Dawson,  "  the  strata  to  the  N.  and  W.  of  Pictou 
Harbour  dip  gently  towards  the  S.E."  Near  the  town  of  Pictou  a  bed  of  sandstone  is  seen  with 
erect  stems  of  Catamites  rooted  in  the  spots  in  which  they  grew  ;  relics  of  the  other  ordinary 
coal-plants  in  their  usual  condition  abound. 

The  N.  side  of  the  coal-field  between  Pictou  and  Cape  John  is  traversed  by  an  anticlinal 
axis  ranging  from  near  the  mouth  of  Carribou  River  across  French  Eiver  at  Tatmagouche ; 
beyond  this  axis  there  would  seem  to  be  another  lying  still  farther  N.,  producing  S.  dips  in  the 
lower  carboniferous  strata  forming  the  N.  side  of  the  Cumberland  coal-field.  It  would  thus 
appear  that  the  Pictou  and  Cumberland  basins  occupy  separate  troughs  of  the  strata,  divided 
from  each  other  by  the  Carribou  anticlinal. 

The  Main  Pictou  coal-seam  is  composed  as  follows  : — 

Koof,  slate  fragments,  3  inches ;  Coal,  shaly,  6^  inches  ;  Coal,  laminated,  thin  layers  of  mineral  charcoal, 

2  feet ;  Coal,  cubical,  3  feet  2  inches  ;  Carbonaceous  Shale  and  Ironstone  ;  Remains  of  large  Fishes  and  Copro- 
lites,  4J  inches  ;  Coal,  laminated  and  cubical,  9  feet  3  inches ;  Ironstone  and  Carbonaceous  Shale,  with  Lepido- 
dendron,  Ulodendron,  SigiUaria,  &c.,  8  inches  ;  Coal,  laminated,  a  line  of  ironstone  balls,  1  foot  2  inches  ;  Coal, 
laminated  and  cubical,  6  feet  7  inches  ;  Ironstone  and  Pyrites,  3  inches  ;  Coal,  laminated  and  cubical,  10  feet 

3  inches  ;  Coal,  coarse,  with  layers  of  bituminous  shale  and  pyrites,  1  foot ;  Coal,  laminated,  with  a  fossil  trunk 
in  pyrites,  2  feet  1  inch  ;  Coal,  laminated  and  cubical,  2  feet  3  inches;  Under-clay,  10  inches.  Thickness  per- 
pendicular to  horizon,  40  feet ;  vertical  thickness,  38  feet. 

The  actual  thickness  of  good  coal  is  about  24  feet.  The  chemical  constitution  and  physical 
properties  of  this  coal  will  be  found  in  the  General  Table, 

Another  coal-bed  of  the  Pictou  basin — the  "Deep  Seam,"  so  called — lies  about  150  feet 
below  the  main  seam ;  it  contains  about  12  feet  of  good  coal  in  three  benches,  the  best  of  which 
is  said  to  be  superior  to  any  part  of  the  main  seam,  but  owing  to  subdividing  layers  of  shale, 
it  cannot  be  mined  as  economically  as  the  large  bed.  It  yields  much  illuminating  gas,  and  an 
excellent  vesicular  coke,  and  produces  but  a  moderate  amount  of  ashes.  These  ashes,  Professor 
Dawson  states,  "  are  for  the  most  part  of  a  reddish  colour,  whereas  those  of  the  main  seam  are 
invariably  white  or  light  grey  — a  reverse  relationship,  it  will  be  remarked,  to  that  which 
obtains  in  the  anthracite  basins  of  Pennsylvania,  where  whitish  ashes  characterise,  with  but  one 
or  two  exceptions,  aU  the  lower  coal-seams,  while  reddish  ashes  everywhere  prevail  in  the  upper. 

Other  good  coal-seams  occur  in  the  Albion  Coal-measures  ;  "  one  of  them,  similar  in  quahty 
to  the  main  seam,  but  containing  more  ashes,  is  6  feet  thick  ;  another,  yielding  8  per  cent  of 
ashes,  a  good  vesicular  coke,  and  56.6  per  cent  of  excellent  illuminating  gas,  lies  450  feet  below 
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the  main  seam  ;  it  is  said  to  be  only  14  inches  thick.  There  are  several  small  seams  of  coal  at 
New  Glasgow,  Merigomish,  Middle  Eiver,  South  Pictou,  Carribou,  and  elsewhere,  but  they  are  too 
thin  to  be  profitably  mined  ;  those  of  the  Albion  Measiires,  already  referred  to,  are  the  only  thick 
seams  at  present  known  within  the  Pictou  basin. 

Clay  iron-stone  is  to  be  met  with  in  the  Albion  Coal-measures  in  sufficient  abundance,  and 
of  fit  quality,  it  is  said,  to  warrant  the  erection  of  smelting-furnaces. 

A  grey  freestone,  now  in  some  demand  in  the  Atlantic  cities  of  the  United  States  for  archi- 
tectural uses,  is  quarried  on  a  large  scale  at  the  head  of  Pictou  Harbour  ;  it  has  the  requisites 
of  durability  and  an  attractive  colour. 

JFossils. — A  curious  fossil  was  discovered  by  Professor  Dawson  in  1850,  in  a  seam  of  coaly 
ironstone  in  the  Albion  Coal-measures  ;  it  is  the  upper  part  of  a  skull,  supposed  by  Professor 
Owen,  to  whom  it  was  submitted,  to  have  belonged  to  a  gigantic  frog-like  reptile  or  Batracliian, 
of  a  type  not  previously  found  in  rocks  as  ancient  as  the  Coal-measures.  The  specimen  is  7 
inches  broad  and  5  long,  and  along  its  semicircular  margin  it  is  provided  with  strong,  conical, 
finely  striated,  and  slightly-curved  teeth.  It  is  one  of  sundry  curious  relics  of  frog-like  reptihan 
life  already  recovered  from  the  American  Carboniferous  formations. 


CAEBONIFEEOUS  DISTRICT  OF  SYDNEY  COUNTY. 

A  wide  basin  of  the  carboniferous  strata  occupies  a  triangular  area  in  Sydney  County,  Nova 
Scotia,  extending  W.  from  the  Gut  of  Canseau,  and  the  S.W.  shores  of  St  George's  Bay,  to  the 
stream  called  the  Ohio  Eiver.  It  is  bounded  on  the  S.  by  the  older  crystalline  rocks  of  the  Cape 
Porcupine  range  of  hills,  and  on  the  W,  by  the  similar  formations  of  the  Antigonish  Moimtains, 
terminating  on  the  N.  by  the  Cape  St  George  ;  this  would  appear  to  be  a  broad  synclinal  trough, 
deepening  and  widening  rather  rapidly  N.E.  towards  St  George's  Bay.  All  its  marginal  tracts 
adjoining  the  bounding  hills  are  occupied  by  the  lower  carboniferous  series  constituted  of  the 
usual  conglomerate,  and  sandstone,  limestones,  and  gypsiferous  beds  of  the  formation  ;  the  latter 
materials  existing  in  great  abundance.  The  gypsum  alone  is  stated  by  Professor  Dawson  to  be 
at  least  200  feet  thick,  and  to  form  at  one  place  a  beautiful  cliff  fronting  the  sea. 

The  Coal-measures  occur  in  the  central  parts  of  the  basin,  inland  from  Pomket  and  Tracadie, 
but  only  thin  seams  of  coal  have  hitherto  been  met  with.  It  does  not  appear  probable  that  any 
valuable  seams  of  coal  occur. 

CARBONIFEROUS  DISTRICT  OF  GUYSBOROUGH. 

South  of  the  belt  of  metamorphic  and  crystalline  rocks,  and  between  it  and  a  similar  range, 
extending  W.  from  Cape  Canseau,  there  lies  another  trough  of  Carboniferous  strata,  encompassing 
the  head  of  Chedebucto  Bay,  and  stretching  thence  due  West  past  Glen  Elbe,  and  along  the  upper 
valley  of  St  Mary's  River.  This  basin  appears  to  contain  no  Coal-measures,  being  too  narrow 
and  shallow  for  their  reception  ;  but  it  embraces  some  valuable  beds  of  limestone  both  N.  and  S. 
of  the  town  of  Guysborough. 
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CARBONIFEROUS  DISTRICT  OF  RICHMOND  AND  SOUTH  INVERNESS. 

East  of  the  Gut  of  Canseau  and  St  George's  Bay,  the  carboniferous  strata  re-occur  in  the  island 
of  Cape  Breton,  the  North-dipping  lower  members  of  the  formation  of  Tracadie  coalescing  with  the 
South-dipping  corresponding  rocks  of  the  N.  side  of  Chedebucto  Bay,  by  the  sinking  under  of  the 
igneous  axis  of  Cape  Porcupine  ;  an  anticlinal  flexure  probably  traverses  the  district  from  Cape 
Porcupine  N.E.  towards  the  head  of  Bras  d'Or  Lake.  Apparently  none  but  lower  carboniferous 
rocks  occur  N.  of  this  anticlinal  in  South  Inverness ;  but  these  lower  strata  there  developed  are 
interesting  for  their  abundance  of  gypsum.  The  Eichmond  portion  of  the  tract,  which  is  a  pro- 
longation of  the  Guysborough  basin,  does  contain  a  patch  of  Coal-measures  ;  but  no  coal-seam  has 
yet  been  mined  in  it.  There  is  a  thick  bed  of  mixed  coal  and  shale  immediately  on  the  coast 
in  Carribou  Cove  ;  it  measures  1 1  feet  8  inches,  stands  vertically,  or  indeed  a  little  overturned, 
dipping  80°  W,,  57°  S.  The  coal  is  crumbly  and  soft,  and  is  evidently  not  in  a  workable  condi- 
tion.   Coal  likewise  appears  at  Little  River,  a  small  tributary  of  Carribou  Cove. 

The  lower  carboniferous  series  is  admirably  displayed  in  the  neighbourhood  of  Plaister  Cove, 
on  the  Gut  of  Canseau.    Professor  Dawson  thus  describes  them  : — 

Group  1. — Thick  beds  of  grey  conglomerate,  under  a  nearly  vertical  dip,  form  the  base  of  the 
carboniferous  series.    These  appear  at  M'^Millan's  Point,  between  which  and  Plaister  Cove  occurs 

Gi'oup  2. — Composed  of  black  and  grey  shales  alternating  with  hard  sandstones,  altered  by 
heat,  and  intersected  by  white  veins  of  calc-spars.    Overlying  these  is 

Group  3. — This  consists  of  a  bed  of  dark  sub-crystalline  limestone,  30  feet  thick,  also  traversed 
by  many  thin  cracks,  filled  by  calcareous  spar  ;  and  upon  the  limestone  are  layers  of  greenish  marl 
and  gypsum,  somewhat  contorted.    Next  succeeds 

Group  4. — Composed  of  greenish  marl,  with  grains  of  red  foliated  and  fibrous  white  gypsum, 
and  a  few  slender  ones  of  calc-spar  ;  the  greenish  marl  contains  sulphuret  of  iron.  Above  the  marl 
reposes 

Group  5. — A  bed  of  gypsum,  estimated  to  be  50  yards  thick.  This  great  mass  of  sulphate  of 
lime  forms  a  cliff  about  80  feet  high,  shaped  grotesquely  by  the  action  of  the  weather.  Two- 
thirds  of  the  bed  consist  of  crystalHne  anhydrite,  the  remaining  one-third  of  common  gypsum 
forming  a  base,  imbedding  the  anhydrite  in  minute  crystals.  The  mass  is  perforated  perpendicu- 
larly by  slender  tubular  holes  or  channels,  called  "  Plaister  Pits,"  caused  by  the  solvent  action  of 
surface  water  trickling  down  the  steeply-inclined  joints. 

Group  6  embraces  a  few  layers  of  limestone,  resting  at  a  steep  angle  on  the  gypsum.  One  of 
these  is  a  curious  mixture  of  grey  limestone  and  gypsum,  the  result,  apparently,  of  the  cementing 
together  of  fragments  from  the  two  rocks. 

Group  7  is  a  thick  bed  of  marl  like  that  underlying  the  gypsum  ;  it  is  partly  homogeneous, 
partly  brecciated,  and  some  layers  of  it  are  highly  gypseous. 

Group  8,  the  highest  in  the  series,  is  a  thick  succession  of  dark  calcareous  shales,  overlaid  by 
a  thick  mass  of  hard  grey  and  brownish  sandstones  and  shales. 

The  dark  shales  are  overlaid  by  true  Coal-measures,  the  same  which  at  Little  River  and 
Carribou  Cove  imbed  regular  seams  of  coal. 

The  chemical  composition  of  the  coals  of  Carribou  Cove  will  be  found  in  the  General  Table. 


952 


COAL-PIELDS  OF  NORTH  AMERICA. 


CARBONTFEEOUS  DISTEICT  OF  NORTHERN  INVERNESS  AND  VICTORIA. 

A  long  and  irregular  tract  of  carboniferous  rocks  extends  the  whole  way  from  the  W.  shore 
of  St  George's  Bay  to  Cheticamp.  Between  Plaister  Cove  and  Port  Hood  it  is  but  a  narrow 
strip  of  the  lower  members  of  the  series  facing  the  sea.  Between  Port  Hood  and  Margarie  the 
Carboniferous  area  widens,  spreading  from  the  sea  Eastward  to  the  waters  of  Bras  d'Or  and  St 
Ann's  Bay,  but  broken  by  the  intrusion  of  spurs  and  ridges  of  the  igneous  rocks  ;  and  between 
Margarie  and  Cheticamp  it  is  again  only  a  narrow  strip  restricted  to  the  coast.  The  chief  part  of 
this  long  tract  embraces  the  lower  carboniferous  series,  under  its  usual  Nova  Scotian  type  :  the 
lower  beds  consisting  of  conglomerates  and  limestone,  in  some  localities  much  altered  by  igneous 
action.  Associated  wdth  the  carboniferous  limestone  is  much  gypsum ;  these  valuable  materials 
are  largely  developed  to  the  N.E.  of  Port  Hood,  and  thence  N.  to  the  Mabou  River,  where  the 
limestone  may  be  identified  by  characteristic  fossils.  Like  some  parts  of  the  Carboniferous  or 
Umbral  limestone  of  the  United  States,  a  portion  of  it  is  oolitic.  According  to  Professor  Dawson, 
there  is  an  enormous  bed  of  gypsum  near  the  mouth  of  Mabou  Eiver.  These  rocks  are  also 
largely  developed  at  Ainslie  Lake,  and  on  Margarie  River,  its  outlet.  According  to  descriptions 
of  Mr  Brown,  in  the  Proceedings  of  ike  Geological  Society,  the  lower  carboniferous  rocks  of  the 
East  coast  of  Cape  Breton  have  a  total  thickness  of  about  1000  feet,  which  is  much  less  than 
their  average  thickness. 

The  Upper  Carboniferous  series  or  Coal-measures  occur  on  only  two  or  three  limited  patches 
within  this  large  area  :  one  locality  is  Port  Hood,  where  these  strata  much  resemble  those  of  the 
Joggins.  The  formation  consists  of  grey  sandstones,  grey  and  brown  shales,  black  and  calcareous 
shales,  and  thin  beds  of  coal,  with  the  usual  fossil  vegetation.  Professor  Dawson  speaks  of  superb 
examples  of  stumps  of  Sigillaria,  with  roots  and  rootlets  attached,  imbedded  where  they  grew, 
and  exposed  by  denudation  over  a  broad  horizontal  surface,  permitting  a  full  view  of  the  subdi- 
visions of  the  roots,  and  their  junctions  with  the  stems.  Some  of  these  stumps  are  2l  feet  through, 
and  show  the  Stigmaria  roots  diverging  from  them  in  four  directions,  at  right  angles  to  each 
other,  each  main  root  forking  into  two,  and  each  branch- root  also  into  two,  and  so  on.  Other 
beds  of  the  group  contain  characteristic  marine  fossils,  Modiolce,  Cypris,  fish-scales,  coprolites,  &c. 

Another  locality  of  the  Coal-measures  is  Margarie  ;  but  here  the  strata  are  very  limited.  It 
would  appear  from  the  seaward  dip  of  all  the  strata,  that  the  main  coal-field  lies  to  the  N.W., 
beneath  the  Northern  parts  of  Northumberland  Straits,  the  small  patches  of  the  formation  at 
Port  Hood  and  Margarie  being  merely  marginal  portions  of  it  which  have  escaped  submergence. 
All  the  coal-beds  are  stated  to  be  small,  the  largest  seen  by  Professor  Dawson,  not  exceeding  one 
foot  in  thickness. 

CARBONIFEROUS  DISTRICT  OF  CAPE  BRETON  COUNTY. 

The  only  remaining  tract  of  carboniferous  rocks,  in  this  part  of  the  British  Provinces,  is  that 
which  constitutes  an  irregular  triangular  area  in  the  Northern  and  central  parts  of  Cape  Breton 
County  ;  it  may  be  called  the  Sydney  Basin,  as  that  town  lies  somewhat  centrally  within  it.  It  is 
bounded  N.  by  the  sea,  W.  by  the  waters  of  the  Great  Bras  d'Or,  Little  Bras  d'Or,  and  Bras  d'Or 
Lake,  and  Southward  by  a  belt  of  igneous  and  metamorphic  rocks,  extending  Eastward  from  the 
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last-named  steet,  to  tlie  open  Atlantic  at  Cape  Breton.  This  irregular  triangular  area,  which 
includes  Boulardarie  Island,  is  penetrated  and  made  irregular  by  the  tidal  estuaries  of  Bras  d'Or, 
Sydney  Harbour,  and  Mire  River,  and  by  a  band  of  crystalline  rocks  in  the  Sunacadie  Hills. 
The  geology  of  the  district  has  been  well  explored  by  E.  Brown,  Esq.  of  Sydney,  from  whose 
written  description  the  following  condensed  account  is  mainly  derived. 

It  embraces  both  the  Lower  Carboniferous  series  and  the  productive  Coal-measures  :  its  gene- 
ral structure  is  that  of  a  wide  undulated  trough,  spreading  and  deepening  in  a  N.E.  direction 
from  Mire  River  towards  the  sea  :  it  is  apparently  traversed  by  several  anticlinal  flexures  rang- 
ing N.E.  and  S.W.,  by  virtue  of  which  the  strata  are  disposed  into  as  many  intermediate  sub- 
basins,  the  largest  of  which  occupies  the  peninsula  between  Sydney  Harbour  and  Mire  River, 
Boulardarie  Island  apparently  constituting  a  lesser  one. 

The  Lower  Carboniferous  group  consists  of  verj^  nearly  the  same  materials  as  it  possesses  else- 
where in  Cape  Breton  and  Nova  Scotia — that  is  to  say,  conglomerate,  sandstone,  shale,  limestone, 
and  gypsum,  disposed  in  their  usual  order.  These  rocks  lean  in  many  places  on  the  steeply-dipping 
edges  of  the  older  slates.  The  limestones  abound,  in  some  localities,  in  well-preserved  fossils  ; 
and  gypsum  is  developed  on  a  large  scale,  though  it  is  nowhere  extensively -quarried. 

The  Coal-measures  occupy  all  the  Northern  or  seaward  front  of  the  county,  extending,  in 
fact,  from  Great  Bras  d'Or  across  the  N.  end  of  Boulardarie  Island,  the  Northern  half  of  the 
peninsula  between  Little  Bras  d'Or  and  Sydney  Harbour,  and  aU  the  Northern  part  of  the  wider 
peninsula  between  the  latter  and  Mire  River.  Mr  Brown  conceives  "  that  this  great  area  of 
Coal-measures  is  probably  the  segment  only  of  an  immense  basin  extending  towards  the  coast  of 
Newfoundland — a  supposition  which  is  confirmed  by  the  existence  of  Coal-measures  at  Neal's 
Harbour,  30  miles  N.  of  Cape  Dauphin."  The  same  authority  states  that  "  the  productive  coal 
strata  cover  an  area  of  250  square  miles,  and  he  thinks  they  possess  a  thickness  of  10,000  feet. 
One  continuous  section,  on  the  N.  shore  of  Boulardarie  Island,  exposes  a  thickness  of  5400  feet  ; 
and  other  sections,  nearer  the  middle  of  the  field,  display  between  1000  and  2000  feet  more, 
referable  to  a  higher  place  in  the  series." 

A  natural  section,  on  the  N.W.  side  of  Sydney  Harbour,  exhibits,  in  1860  feet  of  strata, 
thirty-four  seams  of  coal,  and  forty-one  Stigmaria  under-clays ;  the  coal-beds  measuring,  in  the 
aggregate,  37  feet.  There  are  eighteen  distinct  courses  of  erect  trees,  chiefly  Sigillaria,  and  many 
of  these  exhibit  their  roots  of  Stigmaria  very  plainly.  These  were  among  the  first  instances  any- 
where cited  of  the  true  nature  and  mode  of  growth  of  Stigmaria. 

In  the  fifth  volume  of  the  Geological  Journal,  Mr  Brown  describes  a  specimen  of  Sigillaria 
alternans  with  Stigmaria  roots  attached,  subdividing  and  having  conical  tap-roots  penetrating 
downwards  into  a  thin  bed  of  shale  overlying  a  coal-seam.  This  coal-bed,  "  like  the  main  seam 
at  the  Joggins,  supported,  when  it  was  a  bed  of  soft  peat,  a  forest  of  Sigillaria  and  Lepidoden- 
dron,  many  of  which  still  remain  erect  in  the  overlying  shale,  with  aU  their  roots  and  long 
spreading  rootlets  attached."  In  one  instance  the  roots  dip  gradually  downwards  until  they 
come  in  contact  with,  coal  at  about  18  inches  from  the  centre  of  the  tree,  and  then  spread  out 
over  its  surface.  The  horizontal  roots  branch  off"  in  a  remarkable  manner,  the  base  being  first 
divided  into  four  equal  parts  by  deep  channels  running  from  near  the  centre.  An  inch  or  two 
farther  on,  each  of  these  quarters  is  divided  into  two  roots,  which,  as  they  recede  from  the 
centre,  bifurcate  twice  within  a  distance  of  18  inches  from  the  centre  of  the  stump.  There  are 
VOL.  II.  G  E 


1 


954  COAL-FIELDS  OF  NORTH  AMERICA. 

four  large  tap-roots  in  each  quarter  of  the  stump,  and  about  5  inches  beyond  these  a  set  of 
smaller  tap-roots  striking  perpendicularly  downwards  from  the  horizontal  roots,  making  forty- 
eight  in  all — sixteen  in  the  inner,  and  thirty-two  in  the  outer  set  ;  and,  what  is  a  still  more 
remarkable  feature  in  this  singular  fossil,  there  are  exactly  thirty-two  double  rows  of  leaf-scars  on 
the  circumference  of  the  trunk.  This  curious  correspondence  in  the  numbers  of  the  roots  and 
vertical  rows  of  leaf-scars  surely  cannot  be  accidental  1 

Besides  erect  trees  and  other  forms  of  the  Carboniferous  vegetation,  the  Sidney  Coal-measures 
contain  many  layers  of  shale  imbedding  Modiola,  Cypris,  Sph'orbis,  Fish-scales,  and  other 
aquatic  animal-remains. 

Only  four  out  of  the  34  coal-seams  of  the  Sydney  Harbour  section  are  of  workable  dimensions  ; 
one,  the  Indian  Cove  Seam,  is  4  feet  8  inches  thick  ;  the  Main  Seam,  450  feet  above  the  Indian 
Cove  bed,  is  6  feet  9  inches  thick ;  the  Lloyd's  Cove  Seam,  730  feet  higher  than  the  Main  Seam, 
is  5  feet  thick  ;  and  the  Cranberry  Head,  or  top  seam,  280  feet  higher  than  Lloyd's  Cove  Seam, 
is  3  feet  8  inches  thick.  For  the  chemical  and  physical  characters  of  the  Sydney  Main  Seam, 
the  reader  is  referred  to  the  General  Table. 

Valuable  beds  of*  coal  have  been  opened  on  Boulardarie  Island,  but  these  are  not  at  present 
wrought.  Other  beds,  important  for  their  size,  are  seen  at  Bridgeport  ;  one  of  these,  about  9  feet 
thick,  appears  to  be  an  excellent  coal. 


CHAPTER  II. 

GENERAL  DESCRIPTION  OF  THE  GREAT  APPALACHIAN  COAL-FIELD. 

LIMITS  AND  DIMENSIONS. 

The  longest,  and  in  area  the  most  extensive,  of  the  five  great  coal-fields  of  the  United  States 
is  that  which  I  have  designated  the  Great  Appalachian  Basin.  Extending  as  it  does  in  a  S.W- 
direction,  from  Northern  Pennsylvania  to  Middle  Alabama,  parallel  with  the  Appalachian 
Mountains,  many  of  whose  great  ridges  rise  within  its  borders,  and  insulate  valleys  of  the  coal- 
bearing  strata,  it  seems  fairly  entitled  to  the  name  here  conferred  on  it.  This  great  coal-field, 
almost  the  largest  expanse  of  continuous  Coal-measures  in  the  world,  possesses  a  length  of  about 
875  miles,  and  a  maximum  breadth,  between  its  E.  outcrop  in  Southern  Pennsylvania,  and  its 
W.  in  Northern  Ohio,  of  about  180  miles  ;  while  it  covers  about  56,000  square  mUes  of  the  earth's 
surface.  Its  general  outline  is  that  of  a  short  rough  club,  the  slender  part,  the  table-land  of  the 
Cumberland  Mountain  in  Tennessee,  representing  the  handle. 

The  S.E.  border  of  the  coal-field  may  be  defined  as  commencing  in  Lycoming  County, 
Pennsylvania,  in  the  summit  of  the  Alleghany  Mountain,  and  as  pursuing  a  general  S.W. 
course,  coincident  with  the  N.W.  slope  of  that  ridge  or  table-land,  obliquely  across  tlie 
State  to  the  head-waters  of  the  Youghiogheny  in  Maryland.  Near  the  S.  boundary  of 
Pennsylvania  it  oSsets  Westward,  and,  continuing  its  course  S.W.  through  Virginia,  ranges  on 
coincident  with  the  N.W.  slope  of  the  Briery  Mountain,  Laurel  Hill,  Eich  Mountain,  Big  Sewell, 
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Mountain,  Great  Flat-Top  Mountain,  and  Cumberland  Mountain,  to  the  border  of  Tennessee. 
From  the  Northern  line  of  Tennessee,  it  extends  across  that  State  to  Alabama,  coinciding  nearly 
with  the  South-eastern  escarpment  of  the  Cumberland  Mountain,  and  its  Eastern  spur  the  Look- 
out Mountain.  From  the  Tennessee  River,  near  the  Northern  line  of  Alabama,  to  the  termina- 
tion of  the  coal-field  E.  of  Tuscaloosa,  the  boundary  pursues  the  same  S.W.  direction,  following 
the  summits  of  the  ridges  immediately  West  of  the  Coosa  River. 

The  N.  and  W.  border  of  the  coal-field  is  traceable  from  Lycoming  County  westward  through 
Northern  Pennsylvania,  in  a  winding  and  very  broken  line,  through  Tioga,  Potter,  M'^Kean, 
AVarren,  Crawford,  and  Mercer  counties  to  the  State-line  of  Ohio,  crossing  which,  it  takes  a 
more  Southerly  trend  to  the  Ohio  River,  through  Turnbull,  Portage,  Summit,  Wayne,  Holmes, 
Coshocton,  Licking,  Fairfield,  Hocking,  Vinton,  Jackson,  and  Sciota  counties.  From  the  Ohio 
River,  the  line  ranges  across  Kentucky  in  a  S.W.  direction,  passing  through  Greenup,  Carter, 
and  Morgan  counties  to  the  head-waters  of  the  Tygert  River,  and  thence  by  the  W.  boundary 
of  Morgan  and  Laurel  counties,  and  down  the  Rockcastle  River  to  the  Big  Narrows  of  that 
stream,  beyond  which  it  runs  to  the  Cumberland  River,  in  Pulaski  County,  near  the  Shoals.  Its 
course  thence  is  winding  through  Wayne  County  by  Slone's  Hill  and  the  Wallace  Mountain, 
where  it  enters  Tennessee  ;  in  which  State  it  winds  with  still  more  tortuous  bendiugs  through 
the  spurs  of  the  Cumberland  Mountain  in  Fentress,  Overton,  Putnam,  White,  Van-Buren,  Grundy, 
and  Franklin  counties,  and  enters  Alabama.  In  this  latter  State,  the  margin  of  the  coal-field, 
still  conforming  to  the  summit  of  the  W.  escarpment  of  the  Cumberland  Mountain  plateau, 
ranges  irregularly  through  Jackson,  Madison,  Morgan,  Bench,  Hancock,  Marion,  Fayette,  and 
Tuscaloosa  counties,  to  the  termination  of  the  coal-field  N.  of  the  town  of  Tuscaloosa. 

This  extensive  coal-field  is,  in  its  general  structure,  a  broad  comparatively  flat  synclinal 
trough,  undulated  in  many  wide  low  flexures,  or  gentle  anticlinal  and  synclinal  waves,  of  great 
length  and  continuity.  These  flexures  are  both  straight  and  curved  in  the  lineation  of  their 
axes.  Like  those  of  the  more  folded  portions  of  the  Appalachian  chain,  they  are  parallel  with 
the  general  trend  of  the  coal-field  and  with  each  other,  and  display  a  prevailing  declension  in 
the  steepness  of  their  slopes,  as  they  succeed  each  other  from  S.E.  to  N.W.  They  are  most 
numerous  and  conspicuous  in  Pennsylvania  and  Virginia.  It  is  to  the  influence  of  a  powerful 
and  deep  erosion  upon  a  terminal  group  of  these  undulations  that  the  coal-field  is  subdivided,  in 
Northern  Pennsylvania,  into  six  long  slender  synclinal  mountain-spurs  or  fingers,  extending 
N.E.  between  deep  valleys  of  older  strata.  From  the  superior  hardness  of  the  sandstones  sup- 
porting the  Coal-measures,  compared  with  the  subjacent  clayey  rocks,  the  margin  of  the  coal 
group  is  very  generally  the  edge  of  a  mountain  table-land,  so  that  the  whole  field  may  be  viewed 
as  carved  in  relief  out  of  the  general  plane  of  the  country,  by  excavation  of  the  circumjacent 
softer  strata. 

Many  extensive  rivers  intersect  and  drain  the  basin.  The  Ohio  River,  and  its  main  upper 
tributary  the  Alleghany,  water  it  longitudinally  from  near  the  S.  border  of  New  York  to  the  N. 
frontier  of  Kentucky,  and  it  is  drained  transversely  in  the  N.E.  by  the  West  Branch  of  the  Sus- 
quehanna, centrally  by  the  Great  Kenawha  and  Big  Sandy  rivers,  and  near  its  S.AV.  extremity  by 
the  Tennessee  River.  The  deep  valleys  of  these  and  other  great  streams  serve  as  so  many  trenches 
across  the  basin  to  promote  in  a  most  fortunate  manner  a  wide  intercourse  and  commerce 
between  the  interior  of  the  table-land  and  the  external  country  ;  and  the  general  elevation  of 
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the  basin,  especially  of  its  marginal  portions  above  the  bordering  valleys,  and  these  intersecting 
river-channels,  j)laces  an  enormous  body  of  the  mineral  wealth  of  the  coal-field  in  positions  of 
unusual  fitness  for  mining,  and  for  transportation  to  the  external  markets. 

COMPOSITION  OF  THE  COAL-MEASUEES. 

The  full  and  minute  description  of  the  Coal-Measures  of  Pennsylvania  presented  in  this  work 
will  suffice  to  convey  a  sufficiently  clear  and  accurate  knowledge  of  the  type  which  they  wear  in 
the  N.E.  portion  of  the  basin,  and  may  serve  as  a  standard  for  comparison  with  the  other  parts. 
They  consist  of  grey  and  yellowish  quartzose  grits,  and  sandstones,  argillaceous  sandstones, 
sandy  and  micaceous  slates  and  shales,  argillaceous  shales  and  fire-clays,  calcareous  shales  or 
marls,  argillaceous  and  pure  calcareous  limestones,  occasionally  layers  of  chert,  thin  layers  of 
argillaceous  iron-ore,  in  continuous  plates  and  in  detached  balls,  and  seams  of  coaly  slate,  and 
of  more  or  less  pure  coal.  These  constituents  are  not  interstratified  in  the  same  proportions 
throughout  all  parts  of  the  deposit,  nor  do  the  same  subdivisions  of  the  formation  retain  a  very 
constant  character  throughout  wide  geographical  limits.  As  a  general  rule,  the  coal  strata  of  this 
great  basin  graduate  from  a  littoral  to  a  more  marine  type  as  they  spread  toward  the  W.  or  N.W. ; 
that  is  to  say,  the  sandstones  become  fewer,  thinner,  and  less  pebbly,  finer-grained,  and  more 
argillaceous  ;  the  shales  and  slates  less  sandy  and  more  calcareous,  the  limestones  purer,  thicker, 
and  more  abundant  ;  and  the  organic  remains — the  most  significant  of  all — -less  exclusively 
terrestrial,  or  more  aquatic.  This  gradual  modification  of  type  obtains  as  strikingly  in  the  middle 
or  Virginia  and  Kentucky  division  of  the  coal-field,  as  in  the  N.E.  or  Pennsylvania  portion  ;  but 
whether  it  is  noticeable  to  the  same  degree  in  the  S.W.  or  Tennessee  and  Alabama  subdivision, 
has  not  been  ascertained,  owing  chiefly  to  the  narrower  dimensions  of  the  basin  in  that  quarter.  A 
far  more  rapid  change  in  the  materials  may  be  observed  in  crossing  the  coal-field  in  an  E.  and 
W.  direction  than  in  passing  an  equal  distance  in  the  direction  of  its  length — a  fact  true,  indeed, 
of  nearly  all  the  Appalachian  formations.  We  shall  see  hereafter,  when  examining  the  composi- 
tion of  the  Western  Kentucky  or  Illinois  coal-field,  that  the  same  law  of  a  more  marine  type 
towards  the  W.  is  as  discernible  in  crossing  from  the  one  great  basin  to  the  other,  as  it  is  in  tra- 
versing the  Appalachian  coal-field  alone.  Perhaps  in  this  circumstance  we  may  discern  an  indication 
that  the  two  great  basins  were  originally  connected  and  continuous,  and  that  their  insulation 
has  arisen  simply  from  an  extensive  denudation  of  all  the  upper  strata  at  the  wide  anticlinal 
zone,  which  extends  from  the  limestone  district  of  Cincinnati  to  the  limestone  tract  of  Lexington 
and  Nashville.  A  similar  and  even  more  striking  Westerly  increase  of  the  marine  t}'pe,  so  for 
as  this  is  indicated  by  an  augmented  proportion  of  limestones  and  marine  organic  remains,  is 
discernible  when  we  compare  the  composition  of  the  Illinois  coal-field  E.  of  the  Mississippi  Eiver, 
with  that  of  the  Missouri  basin  W.  of  it.  Similarity  of  mineral  constitution,  but  especially  this 
fact  of  its  gradation,  when  taken  together  with  other  geological  considerations,  almost  compels  us 
to  believe  that  these  two  coal-fields  were  once  conjoined,  and  that  theii"  separation  was  produced 
by  a  wave-like  disturbance  of  the  crust,  and  a  deep  and  wide  erosion  of  the  carboniferous  rocks  in 
the  valley  of  the  Upper  Mississippi. 

It  has  been  shown  that  the  bituminous  Coal-measures  of  Pennsylvania  are  divisible  into  five 
groups ;  a  lower  group,  consisting  of  the  Serai  conglomerate,  and  two  or  three  imbedded  coal-seams ; 
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a  productive  group  of  older  Coal-measures  ;  an  unproductive  mass  of  coal-shales  ;  a  second  produc- 
tive group  of  newer  Coal-measures  ;  and  a  second  unproductive  mass  of  shales,  which  terminate 
the  formation.  These  groups  are  discernible  in  Western  Virginia  as  well  as  in  Western  Pennsyl- 
vania ;  but  it  is  not  at  present  known  how  much  farther  in  the  S.  W.  direction  they  maintain  them- 
selves. The  lower  or  conglomeritic  group  seems  indeed  to  encompass  and  underlie 
the  entire  coal-field ;  but  the  two  upper  ones — the  upper  productive  Coal-measures, 
and  the  stHl  higher  upper  unproductive  or  Barren  shales — are  restricted  to  the 
widest  and  deepest  part  of  the  general  basin,  not  extending,  apparently,  beyond 
the  Gujandotte  River.  It  is  probable,  therefore,  that  the  coal-beds  of  the  Cum- 
berland JMountain,  in  Kentucky  and  Tennessee,  belong  chiefly  to  the  lower  Coal- 
measures,  and  to  the  Conglomerate  series  underneath  them.  For  a  general 
representation  of  the  Coal-measures  of  Western  Pennsylvania,  the  reader  is 
referred  to  the  column  on  page  4/5,  and  for  a  view  of  those  of  Western  Virginia 
to  the  figure  (767). 
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COAL-BEDS. 

When  treating  of  the  anthracite  basins,  in  our  general  descriptions  of  the 
Coal-measures  of  Pennsylvania,  it  was  shown  that  the  deepest  of  these,  the 
Southern  or  Pott'sville  Field,  embraced  not  less  than  fifty  coal-seams,  including 
beds  of  all  dimensions,  of  which  about  twenty-five  are  of  workable  size.  In 
the  account  of  the  bituminous  coal  strata  of  Western  Pennsylvania,  some  nine 
or  ten  workable  beds  are  shown  to  exist  in  that  district,  in  a  thickness  of  less 
than  2100  feet  of  strata  ;  the  same  number  can  be  identified  in  North-western 
Virginia,  and  probably  in  South-eastern  Ohio,  where  the  strata  crop  out  on  the 
opposite  side  of  the  Great  Basin.  A  less  and  less  number  will  be  found  to 
prevail  as  we  trace  the  coal-field  S.  W.  to  the  intersection  of  the  Tennessee  River. 
It  will  appear  hereafter  that  the  Coal-measures  of  Western  Kentucky,  belong- 
ing to  the  S.E.  end  of  the  Great  Illinois  basin,  contain  about  seventeen 
workable  coal-beds  in  a  thickness  of  more  than  3400  feet  of  Coal-measures  ;  and 
it  wiU  also  be  seen  that  the  still  more  W.  coal-field  of  Missouri  and  Iowa 
exhibits,  on  the  Missouri  River,  where  the  formation  is  obviously  in  fuU  de- 
velopment, not  more  than  seven  or  eight  coal-seams  of  a  size  fit  for  mining,  and 
that  these  are  included  in  about  700  feet  of  strata. 

This  striking  interruption  to  the  law  of  a  declining  gradation  W.,  in  respect 
both  of  the  aggregate  depth  of  the  Coal-measures  and  the  number  of  included 
coal-seams  presented  by  the  Western  Kentucky  coal-district,  is  not  a  little  ano- 
malous, and  suggests  a  doubt  whether  an  error  may  not  have  been  committed 
by  the  explorers  of  that  coal-field,  leading  to  an  over-estimate  of  the  thickness  of 
the  formation.  It  is  a  region  intersected  by  a  series  of  dislocated  undulations  of 
Fig.  767.  —  Section  of  tlic  Strata,  and  by  scvcral  faults  of  considerable  magnitude  ;  and  it  is  quite  pos- 
Laurel  Hill,  Cheat   siblo  that  through  ouc  Or  both  of  these  sources  of  fallacious  measurement  certain 

River,  Virginia.  —  1 

inch  =  200  feet.        parts  of  the  Coal-measures  may  have  chanced  to  be  counted  more  than  once. 
The  reader  will  find  the  composition  of  the  coal  strata  of  the  Appalachian  basin  described  at 
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length  in  the  Introduction  to  Book  VIII.  of  this  work,  and  again  in  the  introductory  Chapter  of 
Book  IX.,  on  the  Bituminous  Coal-measures  of  Western  Pennsylvania. 

The  limits  of  the  several  groups  of  the  bituminous  Coal-measures  are  indicated  minutely  on 
the  Geological  Map  of  Pennsylvania.  To  trace  them  in  detail  through  the  basin  would  demand 
a  much  more  elaborate  description  than  is  compatible  with  the  plan  of  this  general  outline.  It 
will  suffice  for  the  present  purpose  to  sketch  the  general  boundary  of  the  base  of  the  upper 
productive  group,  or  that  which,  in  the  ascending  order,  commences  with  the  Great  Pittsburg 
Coal-seam. 

The  basin  or  area  of  the  Pittsburg  Coal,  and  of  all  the  Coal-measures  which  overlie  it,  has  its 
Northern  boundary  in  Western  Pennsylvania,  a  little  North  of  latitude  40°  30'.  This  boundary 
extends  from  Saltzburg,  on  the  Connemaugh  Eiver,  W.  across  the  Alleghany  River  below  Taren- 
tum,  and  the  Ohio  River,  near  Little  Sewickly  Creek,  in  Alleghany  County  ;  and  bending  a  little 
Southward,  it  recrosses  the  Ohio  a  short  distance  N.  of  Steubenville. 

From  the  river-hills  near  Steubenville  the  margin  of  the  upper  productive  group  pursues  a 
very  nearly  S.W.  course  to  M^Connellsville,  on  the  Muskingum  River,  ranging  through  Jefferson 
County,  the  S.E.  corner  of  Harrison,  the  N.W.  corner  of  Belmont,  and  through  Guernsey  into  the 
centre  of  Morgan.  From  the  Muskingum  it  trends  more  nearly  S.,  encroaching  gradually 
towards  the  Ohio  River,  passing  a  little  East  of  the  town  of  Athens,  and  through  the  S.W.  corner 
of  Meigs  County,  and  through  Gallia  County  to  the  Ohio  River,  which  it  reaches  a  little  above 
Burdington.  The  outcrop  of  the  Pittsburg  Coal-seam  crosses  the  Ohio  River  near  Browns- 
ville, between  the  mouths  of  the  Sandy  and  the  Guyandotte  rivers,  and,  curving  rapidly 
towards  the  E.,  it  sweeps  across  the  Guyandotte,  near  the  falls  of  that  river,  taking  a  nearly  due 
East  course  thence  to  the  Great  Kenawha,  the  valley  of  which  stream  it  passes  below  Charleston. 
Before  reaching  the  Great  Kenawha  the  line  we  are  tracing  turns  N.,  and  pursues  an  undulating 
N.E.  direction  parallel  to  the  general  course  of  the  Elk  River  as  far  as  Sutton  in  Braxton  County, 
Virginia.  From  Elk  River  its  general  course  is  nearly  N.N.E.  to  Pennsylvania ;  but  the  precise 
line  of  the  outcrop  is  excessively  winding,  in  consequence  of  the  deeply-excavated  character  of 
the  high  sloping  table-land  through  which  it  meanders  E.  of  the  valley  of  the  Monongahela 
River  ;  in  this  part  of  its  course  it  traverses  Braxton,  Lewis,  Barbour,  Taylor,  and  JMonongaha 
counties.  From  the  point  where  it  enters  Pennsylvania,  this  margin  of  the  upper  Coal-measures 
pursues  a  very  nearly  straight  course  close  along  the  base  of  Chestnut  Ridge  or  West  Laurel 
Hill,  passing  a  little  East  of  Uniontown,  M^Connellsville,  Youngstown,  and  Blairsville,  near  which 
last-named  place  it  reaches  the  N.  boundary  at  the  point  from  whence  we  set  out. 

The  Pittsburg  Coal,  or  main  upper  seam  which  constitutes  the  lower  limit  of  the  upper  Coal- 
measures,  evidently  underlies  every  part  of  the  large  area  thus  defined  :  and  this  area  appears  to 
amount  to  about  14,000  square  miles,  of  itself  a  very  noble  coal-field.  Of  course,  each  of  the 
overlying  coal-beds  of  the  upper  group  possesses  successively  a  less  and  less  extent.  It  is  pro- 
bable that  more  than  one  of  the  thicker  coal-beds  of  the  lower  Coal-measures  have  a  continuous 
elliptical  outcrop  like  the  Pittsburg  Seam,  but  this  latter  is  at  present  the  only  member  of  the 
formation,  the  continuity  of  which  has  been  positively  established  over  so  wide  an  area  ;  and  it  is 
on  this  account  particularly  interesting — not  merely  as  the  widest  seam  of  pure  coal  hitherto 
brought  to  light,  but  as  manifesting  in  its  broad  extent  and  in  the  singular  persistency  of  its 
characters  and  subdivisions,  the  wonderful  uniformity  of  all  the  physical  conditions  under  which 
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its  materials  were  accumulated.  This  prodigious  floor  of  coal  does  not  hold  everywhere  the 
thickness  it  possesses  in  South-western  Pennsylvania,  but  undergoes  a  very  gradual  progressive 
reduction  of  size  as  it  advances  S.W.  and  S.  ;  it  declines,  indeed,  to  a  thickness  of  little  more 
than  3  feet  near  the  S.  end  of  the  oval  basin  which  it  occupies. 

It  is  worthy  of  note  that  these  upper  Coal-measures  bear  the  marks  of  having  been  formed 
under  a  considerably  more  uniform  and  tranquil  condition  than  that  which  attended  the  deposition 
of  the  groups  beneath  them.  Thus,  not  only  do  the  sandstones,  shales,  and  limestones  maintain 
a  more  constant  t)^e,  but  the  individual  coal-seams  themselves  appear  to  fluctuate  less  in  their 
dimensions  and  composition.  This  greater  constancy  of  character  is  probably  connected  with 
a  more  marine  or  less  littoral  origin,  as  evinced  in  a  larger  proportion  of  limestones  and  other 
oceanic  deposits,  in  a  finer  state  of  comminution  of  the  land-derived  sediments,  and  especially 
in  a  greater  abundance  of  marine  forms  among  the  fossils.  The  evidences  of  these  diSerences 
between  the  upper  and  lower  Coal-measures  may  be  abundantly  seen  in  the  detailed  descriptions 
of  them  as  they  appear  in  Pennsylvania. 


CHAPTER  III, 

ILLINOIS  AND  INDIANA  COAL-FIELD, 

General  Description. — This  great  coal-field,  embraced  between  the  wide  anticlinal  area  of  the 
middle  and  older  Palaeozoic  rocks  of  Indiana  and  Middle  Kentucky  on  the  E.,  and  the  anti- 
clinal belt  of  Carboniferous  limestones  of  the  Upper  Mississipp  ion  the  W.,  is  an  immense  tract 
of  coal  strata  occupying  the  S.W,  counties  of  Indiana,  the  Green  Eiver  country  of  Kentucky, 
and  a  very  large  area  of  the  extensive  State  of  Illinois.  The  Coal-measures,  or  proper  coal- 
formation,  thus  geographically  defined,  fill  a  tract  of  a  somewhat  regularly  oval  form,  the  longer 
diameter  of  the  ellipse  extending  in  a  N.W.  direction  from  near  Morgantown  in  Kentucky  to 
the  Mississippi  River,  below  Eock  Island — a  length  of  375  miles.  The  greatest  breadth  of  the 
elliptical  coal-field  is  from  Greencastle,  W.  of  Indianopolis,  to  St  Louis  on  the  Mississippi,  a 
distance  of  200  miles.  A  careful  estimate  of  its  surface,  as  it  is  represented  on  the  Geological 
Map,  gives  it  an  area  of  not  less  than  51,000  square  miles. 

According  to  Dr  Norwood,  workable  beds  of  coal  do  not  underlie  the  whole  area  thus 
estimated,  and  usually  indicated  on  the  maps  as  Coal-measures  :  he  says, — 

"  Illinois  is  not  one  '  great  coal-field,'  as  has  been  represented  in  maps  and  geological  reports  made  previous 
to  the  commencement  of  the  State  Geological  Survey.  While  it  contains  within  its  borders  more  coal  than  any- 
other  State  in  the  Union,  with,  perhaps,  the  exception  of  Pennsylvania,  the  coal  does  not  rest  in  one  great  basin. 
So  far  as  the  State  Survey  has  thrown  any  light  on  the  subject,  it  has  been  found  that  the  rocks  beneath  the 
Coal-measures,  instead  of  showing  a  nearly  horizontal  section  from  E.  to  W.,  as  was  formerly  believed  by  some 
of  our  geologists,  have  been  in  reality  as  much  disturbed  by  internal  convulsions  as  those  of  any  volcanic  district 
in  the  United  States.    The  beds  of  the  lower  formations,  including  the  mountain  limestone  and  millstone  grit, 
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are  found,  at  various  localities,  displaced  and  tilted  up  at  eveiy  angle  from  a  few  degrees  to  the  vertical.  These 
displacements  are  not  confined  to  any  one  section  :  they  occur  in  every  district,  from  the  N.  limits  of  the  coal- 
beds  to  the  S.  border  of  the  State.  In  the  irregular  valleys  and  basins  formed  by  these  disturbances,  our  lower 
Coal-measures  were  formed.  Subsequent  to  that  period,  the  then  existing  coal-beds  were  displaced  and  eroded, 
forming  new  valleys  and  new  basins  which  have  been  filled  with  new  deposits  of  coal,  and  so  on,  up  to  the 
termination  of  the  carboniferous  epoch.  An  outline  of  these  basins  and  valleys,  so  far  as  ascertained,  will  be 
given  in  the  Geological  Report.  It  must,  however,  remain  imperfect  for  years  to  come,  as  every  re-examination 
of  a  coal-field  develops  new  facts,  which  no  reasoning  from  previous  data  could  have  brought  to  light."  * 

As  regards  the  coal-field  itself,  it  has  the  structure  of  a  comparatively  shallow  and  rather 
symmetrical  oval  basin,  or  broad  synclinal  trough,  with  a  general  inward  dip  of  the  strata  from 
all  parts  of  the  periphery  towards  the  centre ;  but  it  is,  as  we  have  seen,  not  exempt  from  local 
undulations,  containing,  on  the  contrary,  especially  near  its  S.W.  border,  several  wide  anticlinal 
waves. 

The  greater  part  of  the  margin  of  the  Illinois  coal-field  is  bordered  by  a  concentric  outcrop 
of  the  Upper  Carboniferous  limestone,  which,  commencing  N.  of  the  Illinois  Eiver  near  La  Salle, 
sweeps  round  the  N.E.  comer  of  the  coal-field  in  a  narrow  belt,  gradually  widening  in  a  S.E. 
direction  until  it  crosses  the  Ohio  River  into  Kentucky.  From  the  Green  River  of  Kentucky 
this  limestone  girdle  trends  in  an  undulating  course  W.,  N.W.,  and  N.,  to  the  vicinity  of  Iowa 
City,  passing  the  Ohio  River  in  Hardin  County,  the  Big  Muddy  River  in  Jackson,  and  the 
Mississippi  River  near  the  mouth  of  the  Missouri  ;  thence  the  belt  runs  N.  between  the  coal-field 
and  the  Mississippi,  which  it  crosses  just  above  the  Iowa  River  to  enter  the  State  of  that  name. 
The  N.  border  of  the  coal-basin  does  not  appear  to  be  similarly  confined  by  an  outcrop  of  the 
carboniferous  limestone,  but  is  in  contact  with  Palaeozoic  strata  of  the  age  of  the  Vergent  or 
Chemung  rocks,  equivalents  of  the  Middle  Devonian  strata  of  Europe. 

The  precise  limits  of  the  coal-bearing  strata,  for  every  part  of  the  circumference  of  the  basin, 
have  not  yet  been  established  with  precision  ;  but  we  shall  not  err  very  widely  if  we  define 
their  boundary  as  ranging  S.E.  from  the  Illinois  River,  near  the  towns  of  Morris  in  Grundy 
County,  Middleport,  Iroquois,  Covington,  Greencastle,  and  Spencer,  and  thence,  in  a  more  nearly 
Southward  line,  to  Rome  on  the  Ohio  River,  and  to  Hardinsburg  and  Morgantown  in  Ken- 
tucky. From  Morgantown,  its  general  course  is  N.W.,  passing  S.  of  Greenville  and  N.W.  of 
Marion.  Re-crossing  the  Ohio  River  into  Illinois,  it  passes  near  the  Sulphur  Springs  in  Williamson 
County  by  AVaterloo  in  Monroe,  and  near  to  Alton  and  Carrolton,  until  it  crosses  the  Illinois 
River ;  beyond  this  it  passes  Beverley,  and  runs  E.  of  Carthage  and  a  little  W.  of  Monmouth, 
until  it  meets  the  Mississippi  River  near  Muscadine.  Here  the  margin  of  the  Coal-measures 
appears  to  deflect  suddenly  towards  the  E.,  and  to  extend  parallel  with  the  S.  bank  of  the 
Mississippi  River  nearly  to  Rock  Island,  where,  leaving  the  river,  it  stretches  almost  due  E. 
across  the  State  of  Illinois  to  a  point  on  the  Illinois  River  a  little  N.  of  Ottowa,  passing  in  its 
course  a  little  N.  of  the  town  of  La  SaUe. 

The  more  prominent  undulations  in  the  S.W.  boundary  of  the  coal-field  adjoining  the 
Mississippi  River  would  seem  to  be  produced  by  tongues  of  the  carboniferous  limestone  pene- 
trating Northward  into  the  general  area  of  the  coal-rocks,  resulting  from  an  undulation  of  the 
formations  before  the  deposition  of  the  coal. 

*  See  Abstract  of  a  Report  on  Illinois  Coals,  page  91.    By  J.  G.  Norwood,  M.D.,  State  Geologist. 
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I  shall  now  proceed  to  oflfer  a  more  detailed  description  of  two  or  three  of  the  better-explored 
local  districts  of  this  wide  coal-field,  commencing  with  a  sketch  of  the  strata  as  they  are  seen 
in  Kentucky,  the  part  nearest  to  the  Great  Appalachian  coal-field  already  described, 

WESTERN  KENTUCKY  COAL-FIELD. 

Limits. — According  to  the  Geological  Keport  of  Dr  David  Dale  Owen,  who  has  made  a 
systematic  survey  of  this  coal-field  of  Western  Kentucky,  the  portion  of  the  Great  Basin  lying 
within  that  State  covers  the  whole  of  eight  counties,  and  a  part  of  four  others.  The  following 
is  his  description  of  its  approximate  boundaries  : — 

"  Commencing  at  the  Ohio  River,  at  the  mouth  of  Tradewater,  it  runs  up  the  valley  of  that  stream,  whose 
course  very  nearly  coincides  with  its  S.W.  limits.  From  near  the  sources  of  Tradewater,  in  the  N.  part  of 
Christian  County,  its  S.  boundary  runs  by  the  head-waters  of  Pond  River,  near  the  lines  dividing  Muhlen- 
burg,  Todd,  Logan,  and  Butler  counties,  crossing  Muddy  River  near  its  forks  ;  thence  through  the  S.  part  of 
Butler  County,  crossing  Barren  River  between  the  mouth  of  Jasper  River  and  the  junction  of  Barren  River 
and  Green  River ;  thence  E.  along  the  divide  between  those  rivers,  through  Warren  and  Edmondson  counties,  to 
near  the  mouth  of  Nolin  Creek  ;  thence  nearly  N.  to  the  mouth  of  Dismal.  Either  an  outlier  or  tongue  of  the 
Coal-measures  appears  to  stretch  away  to  the  E.,  to  the  confines  of  Grayson  and  Hart  counties,  and  even  on 
to  the  waters  of  Roundstone ;  but  the  mam  boundary  takes  from  Dismal  Creek  a  N.W.  course  S.  of  Grayson 
Springs,  near  the  sources  of  Clay  Lick  and  Caney  Creeks,  towards  the  falls  of  Rough  Creek  ;  thence  N.  by 
the  sources  of  Panther  Creek,  nearly  along  the  line  dividing  Hancock  and  Breckinridge  counties,  until  it  strikes 
the  Ohio  River  again  at  the  Great  South  Bend,  near  the  lunits  of  the  above  counties." 

The  formation  is  divisible  into  two  groups,  an  upper  and  a  lower  set  of  Coal-measures ; 
these  are  separated  by  a  conspicuous  sandstone  called  the  "Anvil  Eock."  They  are  also 
geographically  divided  by  a  dislocated  anticlinal  axis,  extending  in  a  S.E.  direction  from  Gold 
Hill,  in  Illinois,  across  the  Ohio  River  at  Shawneetown  to  "Bald  Hill  in  Union  County.  This 
dislocation  casts  off  the  Upper  Coal-measures  to  the  N.,  and  the  Lower  to  the  S. 

The  subdivisions  of  the  formation  have  been  ascertained  with  approximate  accuracy  by 
surface  measurements  and  borings,  the  general  results  of  which  are  as  follows  :  The  estimated 
total  thickness  of  the  carboniferous  strata  in  this  coal-field  is  3429  feet ;  the  Lower  Coal-mea- 
sures, including  the  "  Anvil  Eock,"  being  1029,  and  the  Upper  Coal-measures  about  2400  feet. 

The  number  of  coal-seams  in  the  lower  group  amounts  to  ten,  and  all  of  these,  excepting  one 
called  the  "  Curlew  Bed,"  are  workable.  There  are  eight  workable  seams  in  the  upper 
group,  distributed  through  a  thickness  of  about  2000  feet  of  strata.  The  upper  600  feet  of  the 
formation  contaia  but  one  workable  bed  situated  near  the  base  of  this  division,  which,  however, 
includes  nine  other  very  thin  bands  of  coal. 

The  united  thickness  of  all  these  coal-seams,  counting  the  thin  ones  with  the  thick,  is  upwards 
of  40  feet. 

The  accompanying  columnar  sections  (Figs.  768,  769)  will  serve  to  convey  a  correct  general 
notion  of  these  Coal-measures. 

In  the  W.  portion  of  the  coal-field  the  strata  are  thrown  into  "  a  series  of  waves  or 
wrinkles,  or  into  elongated  dome-shaped  vaults  and  corresponding  depressions."  One  synclinal 
fold  exists  in  the  valley  of  Hines  Creek ;  another  trough  or  fold  of  depression  enters  the 
VOL.  II.  6  F 


962 


COAL-FIELDS  OF  NORTH  AMERICA. 


Impurt 

cLl     3  6 
i.  ,Vpi^  4  5 
bunjCu*Uo  IQ- 


Ifiiin 


1  6- 

Bnnknr-  6  G. 


.21  0 


Battery 
Roci 
Coal 


-^xr -re- 


productive coal-field  between  Locust-Lick  Creek  and  Tradewater  Eiver,  and  another  at  Half- 
Moon  Lick  on  the  Tradewater,  extending  nearly  E.  to 
Crab  Orchard  Creek.     Between  these  are  anticlinal 
flexures,  forming  with  them  a  succession  of  waves. 

Composition  of  the  Coal. — The  coal  of  this  field  is, 
for  the  most  part,  a  tolerably  pure  bituminous  coal, 
varying  in  specific  gravity  from  1.28  to  1.40,  yielding 
generally  from  50  to  60  per  cent  of  coke.  The  average 
amount  of  volatile  matter  exceeds  40  per  cent,  and 
that  of  the  ashes  5  or  6  per  cent.  The  colour  of  the 
ashes  or  earthy  matter  of  the  lower  group  of  coals  is 
various,  being,  according  to  the  seam,  light-grey  (cor- 
responding to  the  white-ash  of  the  lower  anthracite 
beds),  reddish-grey,  and  pale  flesh-colour.  A  sohd 
cubic  foot  of  the  coal  weighs  about  80  lb.,  and  a  cubic 
foot  in  lumps  about  45  lb.  The  coal  of  some  of  these 
seams  approaches  in  its  qualities  the  splint  coals  of 
Scotland,  having  their  dull  aspect,  and  retaining,  when 
coked,  nearly  the  original  shape  of  the  coal.  The  reader 
will  find  the  composition  of  several  of  these  Kentucky 
coals  in  the  table  of  "  Analyses  of  Coals  "  in  a  future 
chapter. 

"  The  compact  slaty  varieties  of  coal,  like  the  Breckinridge 
Cannel  Coal,  jdeld  about  60  per  cent  of  volatile  matter ;  the 
parrot  coal,  and  even  the  bituminons  shales,  afiFord  a  vegetable 
tar,  or  thick  crude  oil,  from  which  two  products  can  be  obtained  ; 
one  of  an  oily  consistence,  which  may  be  clarified  into  a  nearly 
colourless  oil,  that,  for  certain  piii-poses,  may  be  substituted  for 
other  more  expensive  animal  and  vegetable  oils  ;  the  other  a 
transparent,  scaly,  crystalline  substance,  of  a  white  colour  and  768.— Upper  Coal-; 
waxy  lustre,  which  melts  at  110°  into  a  transparent  oil,  and  at 
a  still  higher  temperature  takes  fire  and  burns  with  a  white 
flame,  without  smoke,  and  leaves  no  residue.  This  substance 
was  called  by  the  discoverer,  M.  Reichenbach,  of  Blansko,  paraffin,  from  its  Little  tendency  to  combine  with 
other  bodies. 

"  It  is  supposed  that  the  Breckinridge  Coal  may  yield  25  per  cent  of  refined  oil,  and  18  per  cent  of  paraffin." 

Jron  Ores. — The  intercalated  shales  of  the  Western  Kentucky  Coal-measures  contain  a  fair  pro- 
portion of  the  argillaceous  iron-ores  or  clay  iron-stones  generally  characteristic  of  Coal-measures. 
As  generally  in  the  Appalachian  coal-field,  these  iron  ores  are  most  abundant  in  the  lower  group. 
They  occur  in  the  form  of  bands  and  flattened  or  kidney-shaped  lumps.  One  stratum,  a  1 0-feet- 
thick  bed  of  shale,  overlying  a  coal  called  the  "  Ice-House  Seam,"  includes  seven  or  eight  thin 
bands  of  such  iron  ore,  estimated  to  amount,  in  the  aggregate,  to  a  thickness  of  16  inches. 
This  ore  is  slightly  calcareous,  and  well  adapted  to  smelting,  and  promises  to  yield  between  30 
and  40  per  cent  of  iron. 


siires,  Holloway's  Borings, 
Henderson  County,  Ken- 
tucky. From  D.  D.  Owen. 
— 200/ee<  =  1  incU. 


Fig.  769. — Lower  Coal-mea- 
sures of  Kentucky.  From 
D.  D.  Owen.— 200  feet  =  1 
inch. 
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Other  important  beds  of  iron  ore  occur  in  the  lower  Coal-measures  in  Muhlenburg  and 
Hopkins  counties.  "  Considerable  quantities  of  carbonate  of  iron  are  interstratified  in  the  shales 
overlying  the  '  Thirteen-inch  Coal '  near  low-water  mark  at  Coal  Haven  and  the  head  of  French 
Island." 

Limestones. — Bordering  the  Ohio  River,  the  upper  400  feet  of  the  Coal-measures  are  rich  in 
limestones,  there  being  five  or  six  separate  beds  in  this  space  ;  one  of  these,  8  feet  thick,  appears 
in  the  bank  of  the  river  one  mile  below  Uniontown ;  another,  7  feet  thick,  occurs  opposite 
Diamond  Island ;  and  a  third  bed,  8  feet  thick,  is  in  the  hills  of  Green  Eiver  near  its  mouth. 
Only  two  beds  of  limestone,  worthy  of  note,  are  included  in  the  lower  900  feet  of  the  Coal- 
measures.  One  of  these,  4  feet  thick,  lies  below  the  "  Curlew  "  Coal ;  the  other  overlies  the  coal 
next  under  the  "  Anvil  Rock."  It  is  stated  that  "  the  lower  S.  Coal-measures  are  richer  in  lime- 
stones than  their  S.W.  equivalents." 

The  coal-seams  of  the  Kentucky  coal-field  repose,  in  almost  every  instance,  on  a  bed  of  fire- 
clay more  or  less  pure,  containing  remains  of  the  Stigmaria  ficoides,  or  the  roots  of  Sigillaria, 
one  of  the  chief  coal-producing  plants  of  the  coal  period. 

In  1857  there  were  eighteen  coal-mines  in  operation  on  the  Lower  Ohio  in  this  coal-field, 
though  some  of  them  were  wrought  on  a  very  limited  scale. 

Undulations. — Two  opposite  views  of  the  undulations  of  the  Illinois  coal-field  have  been 
entertained  by  the  Western  geologists,  some  exj)lorers  conceiving  that  the  Coal-measures  occur 
in  detached  basins,  reposing  unconformably  upon  the  upturned  edges  of  older  Palaeozoic  strata, 
others  believing  that  the  basin  structure  is  due  to  denudation  upon  the  summits  of  anticlinal 
waves,  embracing  both  those  older  rocks  and  the  coal-formation.  Both  views  would  appear  to  be 
correct,  for  in  the  W.  part  of  the  Kentucky  coal-field,  the  undulations  of  the  Coal-measures 
involve  the  subjacent  Middle  and  Lower  Palaeozoic  rocks,  whereas  near  La  Salle,  on  the  N.E. 
border  of  the  Illinois  portion  of  the  basin,  there  prevails  an  actual  unconformity  of  the  Coal- 
measures  to  the  subjacent  strata.  The  probability  is,  that  while  some  portions  of  the  wide  floor 
of  the  older  rocks  upon  which  the  Coal-measures  were  deposited  were  disturbed  from  their 
original  horizontality  before  the  deposition  of  the  coal,  the  whole  coal-field  was  itself  disturbed 
and  undulated  after  the  Coal-measures  were  formed,  and  the  more  exposed  anticlinal  waves  were 
more  or  less  denuded  and  separated. 

Very  little  information  has  as  yet  been  given  to  the  world  concerning  the  structure  and  con- 
tents of  the  middle  tracts  of  this  broad  coal-field  of  Illinois.  It  has  been  stated  that  there  exists 
in  the  interior  of  the  basin  a  group  of  overlying  strata  referable  by  their  organic  remains  not  to 
the  true  Carboniferous  formation,  but  to  the  still  higher  Permian  series.  But  until  the  evidence 
from  the  fossils  can  be  thoroughly  sifted,  we  must  remain  in  doubt  whether  to  rank  this  upper 
group  of  strata  as  a  higher  division  of  the  coal-formation,  or  as  the  representative  of  a  separate 
and  later  age.  According  to  Professor  James  Hall,""  "  the  Coal-measures  extend  much  farther 
to  the  N.  than  the  Northern  limits  of  the  carboniferous  limestones,  and  are  spread  out  over  the 
thinning  and  slightly-inclined  edges  of  these  beds,  and  over  the  more  disturbed  and  more  highly 
elevated  edges  of  the  rocks  of  the  preceding  periods,  so  that  the  Coal-measures  rest  respectively 
upon  all  the  formations,  from  the  lower  Silurian  to  the  carboniferous  limestones."    Dr  J.  G. 

*  See  J.  Hall  "  On  Carboniferous  Limestones  of  Mississippi  Valley,"  in  Silliman's  Journal,  vol.  sxiii.  p.  191. 
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Norwood  reports  that  the  coal-field  is  not  a  continuous  one,  but  is  broken  into  local  patches 
by  uplifts  of  the  Carboniferous  limestone.  He  describes  the  lower  Coal-measures  as  deposited  in 
basins  thus  produced,  and  as  having  undergone  a  subsequent  disturbance,  and  states  that  this 
fracturing  and  filling  uj)  of  the  newly-formed  vaDeys  with  fresh  deposits  of  the  coal  strata,  pro- 
ceeded alternately  to  the  end  of  the  Carboniferous  period.*  According  to  Mr  Worthen,  the 
State  Geologist,  the  general  strike  of  the  anticlinal  axes  disturbing  the  coal-field  is  N.W.  and 
S.E.  ;  parallel,  that  is  to  say,  with  the  average  longer  diameter  of  the  whole  coal-basin,  and  not 
with  the  undulations  of  the  Appalachian  Chain.  The  same  direction  of  the  flexures  has  been 
noticed  by  Professor  Hall  in  his  traverse  of  the  valley  of  the  Upper  Mississippi. 

La  Salle  Coal-Field. — This  N.E.  division  of  the  Great  Illinois  Coal-basin  displays — accord- 
ing to  Dr  Norwood,  who  first  made  the  discovery — the  Coal-measures  resting  unconformably  on 
the  inclined  strata  of  the  Lower  Silurian  or  older  Palaeozoic  formations.  The  sandstone  floor  of 
the  Coal-measures  is  in  actual  contact  in  some  places  with  the  Matinal  (Trenton)  limestone, 
identifiable  by  its  fossils.  The  coal-field  of  La  Salle  is  described  by  J.  W.  Foster,  Esq.,t  as 
occupying  trough-like  depressions  in  the  older  formations.  The  lowest  seam  sometimes  reposes 
immediately  on  the  edges  of  the  older  rocks,  and  at  other  times  has  a  parting  of  shale.  It  is 
3^  or  4  feet  thick.  An  interval  of  1 76  feet  filled  with  shale,  limestone,  and  thin  beds  of  sand-^ 
stone,  separates  it  from  the  middle  coal-bed,  which  is  6  feet  thick,  and  contains  a  foot  or  more 
of  cannel  coal.  Another  space  succeeds,  containing  a  similar  alternation  of  strata  of  53  feet, 
surmounted  by  the  upper  coal-seam,  which  is  nearly  4  feet  thick.  In  this  portion  of  the  coal- 
field the  strata  dip  at  a  very  gentle  rate,  seldom  much  exceeding  5°  towards  the  S.W.  It  is 
stated  that  these  beds  reappear  in  the  clifis  of  the  Big  VermiUon  Eiver. 

According  to  Mr  Foster,  the  coals  of  La  Salle  belong  to  the  class  of  dry  bituminous  coals, 
their  volatile  matter  amounting  to  from  25  to  30  per  cent,  uncombined  water  to  more  than  10 
per  cent,  fixed  carbon  to  from  50  to  60  per  cent,  and  earthy  matter  5  or  10  per  cent. 

The  geographical  positions  of  the  Kentucky  field  in  the  S.,  and  of  the  La  Salle  coal-field  in 
the  N.,  both  occupying  wide  and  comparatively  unoccupied  coal-markets,  must  promote  the  early 
and  rapid  development,  by  mining,  of  these  interesting  divisions  of  the  basin ;  but  the  day  cannot 
be  distant  when  nearly  every  part  of  this  great  central  coal-field  of  the  Union  will  be  much  more 
thoroughly  explored,  and  its  vast  stores  of  fuel  made  subservient  to  the  demands  of  industry. 


CHAPTER  IV. 

IOWA  AND  MISSOURI   COAL-FIELD— GENERAL  DESCRIPTION. 

This  very  extensive  coal-field  stretches  in  a  S.  direction  from  the  interior  of  Iowa  across  the 
Des-Moines  and  Missouri  rivers  to  the  lower  vaUey  of  the  Neosho  in  the  Cherokee  country,  W. 
of  Arkansas,  where  it  appears  to  connect  itself  with  the  coal-field  of  the  last-named  State  and  the 


*  See  Abstract  of  a  Report  on  Illinois  Coals,  (fee.   Chicago,  1858. 

t  See  Report  upon  the  Mineral  Resources  of  the  Illinois  Central  Railroad. 


New  York,  1856. 
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Indian  territory.  It  is  a  rudely  eUiiDtical  area,  widest  in  the  N.,  and  contracting  rapidly  towards 
the  S.W.,  in  consequence  of  the  S.W.  trend  of  the  older  rocks  which  form  its  S.E.  boundary  in 
Missouri. 

This  coal-field  is  described  by  Dr  D.  J).  Owen  *  as  having  in  Iowa  alone  an  average  width 
from  E.  to  W,  of  less  than  200  miles ;  an  average  length  of  140  miles,  and  an  area  of  25,000 
square  miles. 

It  is  bounded,  according  to  him,  by  an  irregularly  undulating  line,  as  follows  : — 

"  Commencing  where  the  line  between  Iowa  and  Missouri  crosses  the  Des-Moines  River,  near  the  W.  border 
of  Lee  County  ;  thence,  nearly  North,  to  the  N.E.  corner  of  Washington  County  ;  thence  with  a  N.W.  curve  to 
the  Iowa  River,  which  it  crosses  in  Township  81,  North  range  8  West,  of  the  5th  Principal  Meridian,  not  far 
from  the  Une  between  Johnson  and  Iowa  counties  ;  thence  up  the  valley  of  the  Iowa  some  25  miles,  when  it 
recrosses  that  river  near  the  S.E.  corner  of  Tama  County ;  thence  curving  through  Tama  County,  and  again 
crossing  the  Iowa  to  near  the  centre  of  the  E.  line  of  Marshall  County  ;  thence  along  the  water-shed  of  the  Iowa 
and  Cedar,  recrossing  the  former  near  the  N.E.  corner  of  Township  87,  North  range  30  West,  of  the  Principal 
Meridian  ;  thence  with  a  W.  curve  up  the  Iowa,  and  continuing  W.  of  that  river  to  the  Big  Woods,  where  it 
recrosses  for  a  few  miles,  returning  to  the  W.  side  of  that  stream,  and  running  in  a  nearly  due  West  course  to 
the  Des-Moines,  which  it  crosses  six  miles  above  the  Lizard  Fork ;  thence  with  a  S.W.  curve  towards  the  head- 
waters of  the  Three  Rivers  ;  thence  down  the  valley  of  Neshnabotna  to  the  State  line. 

"  After  crossing  the  Iowa  boundary-Une  into  Missouri,  the  boundary-line  of  this  coal-field  bears  nearly  S. 
through  Clark,  Lewis,  and  Marion  counties,  to  near  the  junction  of  the  Three  Forks  of  Salt  River.  Thence 
through  the  W.  part  of  Rails  County  towards  the  head  waters  of  Riviere  an  Cuivre,  in  the  E.  part  of  Audrain 
Covmty,  and  N.W.  corner  of  Montgomery  County.  Thence  it  sweeps  in  a  South-westerly  curve  through  Calloway 
County  towards  the  Missouri  River,  which  it  crosses  near  its  confluence  with  the  Osage,  leaving  a  belt  of 
country,  some  90  miles  wide,  between  this  coal-region  and  the  outcrops  at  Charbonniere,  and  the  coal-pits 
worked  on  Riviere  des  Pt^res,  in  St  Louis  County.  These  are,  in  fact,  outliers  of  the  Illinois  coal-field.  From 
tk^Missouri  River  the  boundary  bears,  with  a  Westerly  curve,  up  the  valley  of  the  Osage,  N.  of  that  river,  which 
it  crosses,  but  for  a  very  limited  distance  only,  at  three  points  ;  in  Camden  County,  near  the  mouth  of  the 
Niangua  ;  in  St  Clair  Coiinty,  near  the  mouth  of  Sac  River ;  and  in  Bates  County,  near  the  confluence  with 
the  main  river  of  the  Little  Osage.  Thence  the  line  bears,  with  a  Northerly  curve,  towards  the  W.  confines  of 
Fayette,  recrossing  the  Missouri  at  Wellington,  thence  up  the  valley  of  that  river  to  the  State  line,  keeping  from 
10  to  25  mUes  from  the  river." 

Later  researches  by  the  geologists  of  Missouri  f  indicate  that  the  Coal-measures  spread  some 
distance  into  Nebraska  and  Kansas,  or  to  the  W.  of  the  Missouri  River,  between  the  mouth  of 
the  Platte  and  the  vaUey  of  the  Neosho,  but  the  W.  limit  of  the  productive  coal-field  has  not  yet 
been  weU  defined. 

Professor  Swallow,  in  his  Reports  on  the  Geological  Survey  of  Missouri,  defines  the  area 
covered  by  the  Coal-measures  as,bounded  by  a  line  drawn  from  the  N.E.  corner  of  Marion  to  the 
middle  of  the  W.  boundary  of  Jasper  counties.  This  is  the  average  boundary,  "  for  the  older 
rocks  come  to  the  surface  in  many  places  on  the  N.W.  side  of  this  line,  as  in  the  valleys  of  the 
Mississippi  and  Salt  rivers,  and  of  the  Missouri  as  high  up  as  Miami,  in  Saline  County  ;  while  the 
coal  strata  are  known  to  cover  large  areas  in  St  Louis,  St  Charles,  Calloway,  Montgomery, 
Audrain,  and  Ralls  counties  to  the  S.E.  of  it."  He  estimates  the  area  of  the  Coal-measures 
within  the  State  as  exceeding  26,887  square  miles. 

*  See  Owen's  Geological  Survey  of  Wisconsin,  Iowa,  and  Minnesota.  Philadelphia  :  Lippincott,  Grambo,  and  Co. 
t  See  First  and  Second  Annual  Geological  Reports  of  the  Survey  of  Missouri,  by  G.  C.  Swallow,  State  Geologist. 
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SUBDIVISIONS  OF  THE  COAL-MEASURES. 

Professor  Swallow,  in  his  Report,  groups  the  coal-formation  of  Missouri  into  three  subordinate 
series,  the  dividing  rocks  being  two  important  sandstones.  The  lower  series  ranges  N.E.  from 
the  S.W.  corner  of  the  State  of  Missouri,  through  Jasper,  Bates,  Sinclair,  Henry,  Benton,  Moro-an, 
Cooper,  Boone,  Calloway,  Audrain,  Monroe,  Shelby,  Marion,  Lewis,  and  Clark,  or  from  the 
Neosho  to  near  the  mouth  of  the  Des-Moines,  the  S.E.  margin  forming  one  border  of  the  coal- 
field. 

It  would  seem  that  the  Coal-measures,  as  they  are  intersected  by  the  Missouri  River,  exhibit 
a  prevailing  Westerly  dip,  and  do  not  present  a  regular  synclinal  structure  or  basin  form,  as 
indicated  on  the  Geological  Map  of  Dr  D.  D.  Owen.  The  middle  series,  as  a  consequence,  occupies 
the  more  central  parts  of  the  coal-field  ;  it  crosses  the  Missouri  River  between  the  mouth  of  the 
Kansas  and  the  mouth  of  the  Chariton,  and  ranges  S.  to  Henry  County,  and  N.  and  N.E.  to  the 
Grand  and  Chariton  rivers.  This  middle  group  is  well  exposed  in  the  sides  of  the  Missouri 
Valley,  near  Lexington. 

The  upper  or  third  division  of  the  Coal-measures  spreads  along  the  Missouri  River  between 
Lexington  and  the  mouth  of  the  Platte,  and  is  exposed  at  many  localities  between  this  last- 
named  river  and  the  Kansas,  as  at  Parkville,  Leavenworth,  Weston,  Elizabethtown,  and  Dallas, 

Recent  researches  in  Kansas  have  shown  that  these  supposed  Upper  Coal-measures  are  over- 
laid in  their  turn  by  a  still  higher  group  of  strata,  recognisable  by  their  organic  remains  as  bear- 
ing an  afiinity  to  the  Permian  strata  of  Europe ;  but  as  no  stratigraphical  break  or  unconformity  of 
any  kind  has  been  detected  separating  this  later  series  of  beds  from  the  recognised  Coal-measures, 
and  as  many  of  their  fossils  belong  to  the  true  Carboniferous  species,  the  individuals  of  which,  more- 
over, greatly  exceed  in  number  those  of  Permian  analogies,  it  becomes  us  to  be  cautious  in 
displacing  these  rocks  from  the  proper  Coal-measures  to  which  they  may  possibly  belong  as  a 
member  of  the  American  carboniferous  system  of  deposits. 

COMPOSITION  OF  THE  COAL  -  MEASURES. 

The  Lower  Series  of  the  Missouri  coal  strata  appear,  according  to  the  statements  of  Professor 
Swallow,  to  be  inconstant  in  their  lithological  characters  and  their  thickness.  Between  Boone- 
ville  and  the  mouth  of  the  La  Mine  their  total  thickness  is  about  150  feet ;  they  there  include  six 
seams  of  coal,  the  lowest  of  which  is  3  feet  thick,  and  the  fifth  in  ascending  order  6  feet  thick, 
while  the  other  four  are  of  dimensions  less  than  1^  feet.  The  other  strata  are  chiefly  bituminous 
shale,  except  that  a  bed  of  hydraulic  limestone  underlies  the  thickest  of  the  coal-seams. 

The  Middle  Coal-measures  consist  of  brown  and  grey  argillaceous  sandstones,  blue  and  yellow 
shales,  and  compact  blue  and  bufi"  limestones.  Three  permanent  thin  seams  of  bituminous  coal 
occur  in  the  shales  of  this  group,  and  occasionally  other  still  smaller  layers.  These  rocks  are  less 
fossiliferous  than  the  upper  series.    Their  average  thickness  is  about  200  feet. 

The  Upper  Coal-measures  consist  of  blue  and  grey  bituminous  shales,  grey  and  bufi"  lime- 
stones, and  soft  shaly  sandstones,  with  several  very  thin  layers  of  coal.  Thin  seams  of  coal 
occur  also  in  the  bituminous  shales ;  but  this  division  of  the  formation  nowhere  contains  a  coal- 
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bed  of  sufficient  thickness  to  admit  of  profitable  mining.  This  series  is  estimated  to  have  a 
thickness  of  about  300  feet. 

It  would  appear  from  the  foregoing  statements  that  the  total  thickness  of  the  Coal-measures 
on  the  Missouri  River  is  650  feet.  On  the  line  of  the  Hannibal  and  St  Joseph  Eailroad  their 
thickness  is  apparently  739  feet. 

OKGANIC  EEMAINS. 

According  to  the  Report  of  Professor  Swallow,  the  fossils  become  progressively  more 
abundant  as  we  ascend  from  the  lowest  to  the  highest  strata  of  the  Coal-measures  ;  several 
species,  however,  Fusulina  cylindrica,  Terebratula  suhtilita,  &c.,  are  found  throughout  the  three 
divisions. 

The  organic  remains  of  these  Missouri  Coal-measures  *  consist  of — 

Crinoidea  ;  4  species  of  the  genera  Echinocrimis,  Poteriocrinus,  Actinocrinus. 

Zoophytes  ;  4  species  of  the  genera  Clicetetes,  Zajihrmtis,  Campopyllum,  Ceripora. 

Brachiopoda  ;  27  species  of  the  genera  Productus,  Clwnetes,  Orthis,  Spirifer,  Terebratula,  Discina. 

AcEPHALA  ;  16  species  of  the  genera  Allorisma,  Myalina,  Avicula,  Pecten,  Leda,  Tellinomya,  CardiomorplM,  Cardi- 
nia,  Cypricardia,  Area,  Pinna. 

Gasteropoda  ;  12  species  of  the  genera  Straparollus,  Belleroplum,  Turho,  Pleurotomaria,  Loxonema,  Murchisonia, 
Nerita,  Ftisulma. 

Cephalopoda  ;  5  species  of  the  genera  Nautilus,  Goniatites,  OrtJwceratites. 
Crustacea  ;  1  species  of  the  genus  Phillipsia. 
Fishes  ;  teeth  and  bones  of  undetermined  genera. 

Plants  ;  4  species  of  the  genera  Calamites,  SpJicereda,  Sigillaria,  Lepidodendron, 

There  are  some  remarkable  deposits  of  coal  and  coal-shale  in  Missouri,  detached  from  the 
general  coal-field,  and  lying  in  very  abnormal  positions  in  ravines  and  excavations  among  the 
older  formations  as  low  as  the  Calciferous  sandstone  of  the  Auroral  series  ;  and  it  is  a  curious 
fact,  that  all  the  cannel  coal  hitherto  discovered  belongs  to  these  insulated  deposits.  These  out- 
lying coal-beds,  though  usually  circumscribed  in  extent,  are  in  many  cases  of  excellent  quality, 
and  of  sufficient  magnitude  for  mining. 

lEON  OEES. 

The  Coal-measures  of  Missouri  are  alleged  to  be  generally  deficient  in  the  iron  ores 
characteristic  of  other  coal-fields.  No  deposits  of  clay  iron-stone,  or  argillaceous  protocarbonate 
of  iron,  have  been  met  with  of  sufficient  magnitude  to  be  of  any  practical  value. 


CHAPTER  V. 

MICHIGAN  COAL-FIELD. 

The  next  principal  coal-field  of  the  United  States  is  that  which  occupies  the  interior  of  the 
Southern  peninsida  of  Michigan.  It  is  a  broad,  shallow  coal -basin  of  an  approximately  circular 
outline,  centrally  situated  between  Lake  Huron  and  Lake  Michigan,  and  covering  all  the 

*  See  Catalogue  by  Dr  Shumard,  page  16  ;  Geological  Survey  of  Missouri. 
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.central  counties  of  tlie  State  from  Saginaw  Bay  on  the  E.  to  Wexford,  Lake,  Newago,  and  Kent 
counties  on  the  W.,  and  extending  S,  from  the  Manistee  River  to  the  head-waters  of  the  Kala- 
masoo  Eiver.  The  E.  margin  of  the  Coal-measures,  starting  at  Saginaw  Bay  in  Huron 
County,  runs  S.,  trending  a  little  W.  through  Tuscola  County,  passing  the  N.W.  corner  of 
Napier  and  the  S.W.  corner  of  Genessee,  and  through  the  W.  side  of  Livingstone  to  the  E. 
border  of  Jackson  County.  There  the  boundary  curves  W.,  and,  crossing  the  S.  portion  of  that 
county,  deflects  N.W.,  to  maintain  this  latter  direction  through  Calhoun  and  Barry  to  the  Grand 
Rapids  of  the  Grand  River ;  passing  which,  its  course  is  N.  through  Kent,  Newago,  and  Lake, 
into  Wexford,  where  it  reaches  the  Manistee  River.  North  of  this  stream  it  bends  rapidly  to 
the  E.,  recrossing  it  in  Kalkasta  County,  and  extending  through  Crawford,  near  the  E.  border  of 
which  it  bends  again  to  run  S.E.  through  Ogemaw  and  Losco  counties  to  Saginaw  Bay,  which 
it  reaches  W.  of  Shawtimiog  Point.  The  area  of  Coal-measures  thus  circumscribed  is  estimated 
at  from  12,000  to  15,000  square  miles.  The  S.E.  and  S.W.  borders  of  the  coal-field  are  marked 
by  a  narrow  outcrop  of  the  Carboniferous  limestone,  a  formation  which,  in  some  localities, 
contains  beds  of  gypseous  shales,  imbedding  large  cakes  of  plaster-of-Paris.  Of  the  interior  of 
the  coal-field  very  little  is  known  geologically.  It  is  believed  to  embrace  but  few  beds  of  coal 
of  workable  dimensions,  probably  only  two  or  three.  The  strata,  for  the  most  part  horizontal, 
or  gently  and  widely  undulated,  consist  mainly  of  shales  and  argillaceous  sandstones.  A 
general  mantle  of  drift,  or  loose  fragmentary  matter,  concealing  the  foundation-rocks  of  the 
country,  and  the  surface  being  still  further  masked  by  a  close  covering  of  herbage  and  forest, 
the  geological  structure  of  this  coal-field  remains  as  yet  very  imperfectly  known.  We  are  led 
from  general  considerations,  especially  from  the  relationships  of  the  strata  underlying  this  coal- 
field to  those  which  pass  beneath  the  Great  Appalachian  and  the  Illinois  basins,  to  conjecture 
that,  at  the  termination  of  the  coal  period,  or  bef«re  the  denudation  of  those  lower  rocks, 
these  Michigan  Coal-measures  were  continuous  with  those  of  the  two  other  coal-fields ;  but 
more  exact  geological  investigations  are  required  before  this  and  some  other  interesting  questions 
in  the  geology  of  the  country  between  Lake  Erie  and  Lake  JMichigan  can  be  satisfactorily 
settled. 

It  is  stated  that  coal  outcrops  at  three  different  points — namely,  at  Barry  in  Jackson 
County,  at  Red  Cedar  River  in  Ingham  County,  and  at  Shiawasi^ee  River.  The  coal  is 
compact  and  lustrous,  ignites  easily,  and  burns  with  a  light  flame,  leaving  but  a  smaU  amount 
of  ashes. 


TABLE 


SHOWING  THE  CHEMICAL  CONSTITUTION  AND  PHYSICAL  CHARACTERS  OF  THE 
BEST-KNOWN  COALS  OF  NORTH  AMERICA. 


(BRITISH  PROVINCES.) 


Composition. 

Names  and  Localities  or  Coals. 

Specific 
gravity. 

Volatile 
matter  in 
100  parts. 

Fixed 
carbon  in 
100  parts. 

Earthy 
matter  in 
100  parts. 

Sulphur. 

Authorities. 

Remarks. 

"  Main  Seam,"  Sydney,      .    _  . 
Carribou  Cove,  Richmond  Dis- 
trict,   

Little  River,  Carribou  Cove, 

Albion  Coal,  Pictou,  . 

Pictou,   

Joggins  Main  Seam,  . 

SpringMll,  

Albert  Mine,  .... 

1.38 

1.32 
1.09 

26.93 

25.2 

30.11 

29.63 
38.8 

30.2 
57.6 

67.57 

44.7 

61.09 

56.98 
56.0 

56.6 
42.4 

5.50 
30.1 

8.80 

13.39 
5.2 

13.2 
.27 

Prof.  W.  R.  Johnson. 
Prof.  J.  W.  Dawson. 
Do. 

Do. 

Prof  W.  R.  Johnson. 
Prof.  J.  W.  Dawson. 

Do. 

Hayes  and  Jackson. 

A  bright  free-burning  coal, 
leaves  a  heavy  reddish  ash. 

A  mixture  of  coal  and  bitu- 
minous shale. 

Hard,  with  uneven  fracture, 
lamination  rather  indis- 
tinct ;  kindles  quickly,  and 
swells  and  cakes  ;  ashes 
brownish. 

Is  free  from  sulphur,  but 
yields  much  light  bulky 
ash  ;  affords  a  good  vesi- 
cular coke. 

A  bright  coal ;  some  iron 
pyrites  and  calcareous  mat- 
ter in  its  joints. 

Compact,  lustre  rather  dull, 
contains  some  sulphur. 

Conchoidal,  lustre  resinous 
and  shining,  powder  black, 
very  brittle. 

(UNITED  STATES.) 

'  Rhode  Island, 

1.79 

3.00 

77.00 

16.00 

Hayes. 

PENNSYLVANIA. 

Hakd  Anthracites. 

Nesquehoning,  10-feet  vein, . 

Summit  Mines  of  the  Lehigh 
Company,  .... 

Summit  Mines,  Lehigh  Com- 
pany, .... 

Tamaqua  Coal  D  East, 

Tamaqua  Coal  E  East, 

Tamaqua    Coal    R,  Sharp 
^  Mountain, 

1.57 
1.60 
1.55 

6.40 

7.50 
6.60 

5.03 

4.54 

7.55 

86.60 

88.50 
87.70 

92.07 

89.20 

87.45 

7.00 

4.00 
5.70 

2.90 

6.26 

5.10 

Geol.  Survey,  Penn. 

Do. 
Do. 

Do. 

Do. 

Do. 

Columnar,  conchoidal,  grey- 
ish black,  splendent ;  ashes, 
white. 

Massive,  compact,  black, 
brilliant ;  ashes,  dull  white. 

Dense,  laminated,  somewhat 
conchoidal,  black,  splen- 
dent ;  ashes,  white. 

Compact,  slaty,  conchoidal, 
greyish  black,  splendent ; 
ashes,  white. 

Compact,  conchoidal,  gi'ey- 
ish-black,  splendent;  ashes, 
pure  wliite. 

Compact,  greyish  -  black, 
splendent. 
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Names  and  Localities  of  Coals. 


o 

<) 
la 
a 

Q 
PS 
< 


a 

a 


Tuscarora, 


Beaver  Meadow,  . 
Schenoweth  Bed,  East  Nor- 
wegian,   .      .      .  . 
Third  Coal,  Nealy's  Tunnel, 
near  Pottsville,  . 


Forest  Improvement, 
Sharp   Mountain,   North  of 
Pinegrove,  .      .      .  . 

Lyken's  Valley, 

Shamokin,      .       .       .  . 

Black  Spring  Gap, 


Black  Spring  Gap,  "  Lea  Vein," 
Black  Spring   Gap,    "  Grey 
Vein,"  .... 

Lyken's  Valley,  "  Third  Bed," 

Zerbe's  Run, 

Wilkesbarre,  "  Warden's  Bed," 

Carbondale,  .... 
Black  Spring   Gap,    "  Grey 
Band  of  Grey  Vein,"  . 


Gold  Mine   Gap,  "Peacock 
Vein," 

Gold  Mine  Gap,    "  Heister 
Vein," 

Rausch  Gap  Dauphin,  "  Pea- 
cock Vein," 

Yellow  Spring  Gap, 

.  \  Rattling  Run,  Dauphin, 


Big  Flats, 


Broad  Top  (Hopewell  Mine), 
Blossburg,     .      .      .  . 
Lycoming  Creek,  . 
New  York  and  Maryland  Min- 
ing Company, 
Neffs 

Easby's  ""  Coal  in  Store,"" 
Atkinson  and  Templeman's,  . 
Easby  and  Smith's, 
^  "  Cumberland  "  (Navy  Yard), 
Lick  Run,  Lycoming  County, 
Queen's  Run,  below  Farrands- 
ville,  


Snoe  Shoe  Mine,  . 


Composition. 


Specific 
gravity. 


1.55 
1.50 
1.55 

1.47 
1.54 
1.39 
1.44 

1.35 
1.44 

1.40 
1.40 
1.40 
1.33 

1.41 

1.41 
1.45 
1.41 


1.32 
1.38 

1.43 
1.33 
1.30 
1.31 
1.33 
1.41 


Volatile 
matter  in 
100  parts. 

Fixed 
carbon  in 
100  parts. 

Earthy 
matter  in 
100  parts. 

/  .ou 

88.20 

2.52 

90.20 

6.13 

1.40 

94.10 

4.50 

5.40 

89.20 

5.40 

3.07 

90.70 

4.41 

7.15 

80.57 

3.28 

6.88 
6.10 
9.53 

83.84 
89.90 
82.47 

9.25 
4.00 
8.00 

8.96 

88.84 

5.20 

9.78 

81.62 

9.20 

8.85 

88.25 

2.90 

7.31 

8425 

6.11 

88.90 

3.49 

7.07 

90.23 

2.70 

11.40 

81.40 

7.20 

10.95 

82.15 

6.90 

10.43 

81.47 

8.10 

10.57 

77.23 

12.30 

10.95 

79.55 

9.50 

13.75 

74.55 

11.70 

15.06 

76.94 

8.00 

11.20 
15.27 
14.48 

88.80 
73.11 
71.53 

4.00 
10.77 
13.96 

14.10 
15.13 
15.65 
15.98 
16.42 
17.28 
20.72 

73.50 
74.53 
76.27 
76.69 
74.29 
68.44 
79.28 

12.40 
10.34 

8.08 
7.33 
9.29 
13.98 
13.07 

21.50 

78.28 

4.60 

21.20 

78.80 

2.07 

Sulphur. 


0.85 

0.03 


0.71 


Authorities. 


Geol.  Survey,  Penn. 

Prof.  W.  R.  Johnson. 
Do. 
Do. 

Do. 

Geol.  Survey,  Penn. 

Prof.  W.  R.  Johnson. 
Do. 
Do. 

Do. 
Do. 

Geol.  Survey,  Penn. 

Hayes, 
Mean  of  5  Analyses. 
Geol.  Survey,  Penn. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 


Do. 
Do. 
Do. 

Prof.  W.  R.  Johnson. 
Do. 
Do. 
Do. 
•  Do. 
Do. 
Do. 

Do. 
Do. 


Remarks. 


Slightly  laminated,  compact, 
irregularly  couchoidal, 
black,  splendent ;  ashes, 
pinkish-brown. 


Compact,  black,  splendent ; 

ashes,  light  brown. 
Compact,   iron-black,  con- 

choidal,  splendent ;  ashes, 

pale  yellow. 


Laminated,    grey  -  black, 
splintery,  splendent. 

Massive,  laminated.  i 

Friable,  iron-black,  some- 
what   splendent ;   ashes,  j 
yellowish  white.  i 

Laminated  brittle  black,  shin- ' 
ing ;  ashes,  cream-colour. 

Massive,  black  ;  ashes,  light 
orange. 

Laminated,  brittle,  fibrous, 
jet-black,  shiny. 


Compact,  conchoidal,  iron- 
black,  splendent. 

Laminated,  compact,  iron- 
black,  brilliant;  ashes,  grey. ! 

Fibrous,  brittle,  grey-black, 
smutty,  dull,  metallic  lus- 
tre ;  ashes,  pale  ochreous 
yellow. 

Massive,  slightly  columnar, 
black,  shiny ;  ashes,  pale 
orange.  ' 

Massive,  striated,  jet-black,  j 
shining  :  ashes,  pale  yellow.  ■ 

Massive,  friable,  columnar, 
black  ;  ashes,  pale  orange. 

Slaty,  brittle,  black,  shining; 
ashes,  pale  yellow. 

Massive,  fracture  re^dar, 
black,  shining,  lustre  feeble, 
yields  a  light  and  spongy 
coke. 

Massive,  laminated,  strife 
small,jet-black,  much  lus- 
tre, yields  a  good  coal ; 
ashes,  orange. 

Somewhat  columnar ;  yields 
a  spongy  coke. 


Laminated,  somewhat  brit- 
tle, shining,  black. 

Irregularly  columnar,  brit- 
tle, jet-black,  thin  films  of 
charcoal. 

Massive,  brittle,  irregular, 
fracture  tendency  to  col- 
umnar structure,  jet-black. 
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Names  and  Localities  of  Coals. 


Composition. 


Specific 
gravity. 


^Moshannon  Creek,  near  Phil- 
ipsburg,  .... 

Steed's  Mine,  16  miles  from 
Philipsburg, 

Leech's  Mine,  IVj  miles  from 

Philipsburg, 
Upper  part  of  large  bed,  Ral 

ston,  .... 

Karthaus  Lower  Seam,  . 
Reed's  6-feet  Vein,  Curwins- 
ville,  .... 

Bear  Creek,  Blossburg,  . 

Warner's  5-feet  Vein,  Cale 

donia,  ... 
Warner's  3-feet  Seam,  Cale 
donia, 

Blairsville  Large  Bed,  . 
Sandy  Ridge,  4  miles  from 
Shippensville, 

Cannel  Coal,  from  6  miles 
East  of  Franklin, 


Cannel  Coal  from  Greensbnrg, 

Conneaut  Lake, 
Near  Greenville, 

VNear  Orange  ville,  . 
VIRGINIA. 


Little  Sewell,  .... 
East  side  of  Big  Sewell,  Rogers' 
Seam, 

West  flank  of  Big  Sewell,  Tyree's 
Bed, 

Between  Big  Sewell  and  Kenawlia, 

Paris  and  Wood's  Bank,  Mill 

Creek,  Fayette  County, 
Valley  of  the  Kenawha.  Lower 

Coal  Series.    Keller's  Creek, 

Lowest  Seam, 
L.  Ruffner's  Campbell  Creek,  or 

Second  Seam, 
Noyes,  Rand,  &  Co.'s  Campbell 

Creek  or  Second  Seam, 
Cox  and  Hannah's  Third  Seam, 
Faure's  Bank,  Upper  Seam, 
Smither's  Bank,  .... 
Hughes  Bank,  .... 
Daniel  Ruffner's  Upper  Seam, 
Brantzburg,  Lower  Seam,  North 

Branch  of  Potomac, 
Oliver's  Tract,  12-feet  Seam, 
Sigler's  Mine,  near  Westemport, 

Maryland,  12-feet  Seam, 


Volatile 
matter  in 
100  partsl 

Fixed 
carbon  in 
100  parts. 

Earthy 
matter  in 
100  parts. 

29.50 

70.50 

6.10 

20.40 

79.60 

120 

20.32- 

79.68 

11.75 

20.50 

79.50 

5.00 

24.80 

75.20 

4.70 

27.00 

73.00 

5.30 

32.00 

68.00 

5.20 

37.00 

63.00 

8.50 

38.20 

61.80 

7.20 

31.00 

69.00 

4.00 

43.20 

56.80 

7.00 

52.78 

47.22 

17.68 

36.00 

64.00 

33.88 

38.75 

61.25 

1.80 

40.50 

59.50 

1.7 

43.75 

56.25 

2.80 

17.48 

80.24 

2.28 

22..32 

75.88 

1.80 

30.08 

67.84 

2.08 

26.20 

71.88 

1.92 

37.08 

60.92 

2.00 

32.44 

55.76 

11.80 

31.28 
42.55 
35.04 
29.76 
32.88 
35.08 

65.64 
51.41 
53.20 
54.52 
62.32 
57.28 

3.08 
6.04 
11.76 
15.76 
4.80 
7.64 

19.72 
16.28 

72.40 
79.08 

7.88 
4.64 

15.76 

82.60 

2.64 

Sulpliur. 


Authorities. 


Prof.  W.  R.  Johnson. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Prof  W.  B.  Rogers. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 


Remarks. 


Small  columnar,  somewhat 
fibrous,  striae  distinct,  jet- 
black. 

Friable,  irregularly  colum- 
nar, striae  distinct,  jet- 
black. 

Friable,  structure  columnar, 
jet-black. 

Columnar,  irregular  cubical, 
shining  black. 

Columnar,  cubical,  friable, 
jet-black. 

Columnar,  cubical,  brittle, 
jet-black,  with  great  lustre. 

Columnar,  somewhat  com- 
pact thin  seams  of  char- 
coal, lustre  jet-black. 

Laminated,  cubical,  brittle, 
jet-black.  « 

Soft,  columnar,  jet-black, 
fracture  irregular. 

Laminated,  columnar,  hard, 
compact,  shining,  jet-black. 

Massive,  strite  indistinct, 
fracture  cubical,  black, 
lustre  feebly  shining. 

Composed  of  laminte,  breaks 
with  uniform  cleavage, 
conchoidal,  duU-black,  with 
little  lustre. 

Thick  regular  laminse,  cross 
fracture,  conchoidal,  sur- 
face smooth,  dull  black. 

Slaty,  laminated,  somewhat 
brittle,  jet-black. 

Laminated,  slaty,  cross  frac- 
ture, splintery,  brittle,  jet- 
black. 

Laminated,  rusty  between 
laminse,  black,  sometimes 
iridescent. 


Shining  and  dull  -  black  la- 
minae. 

Shining  jet-black  laminae, 

some  dull-black. 
Dull-black  laminae. 


Shining  black  laminae,  films 
of  charcoal. 

Brilliant,  compact. 


Black,  shining,  compact. 
Brilliant,  compact. 
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Names  and  Localities  of  Coals, 

Composition. 

Authorities. 

Specific 
gravity. 

Volatae 
matter  in 
100  parts. 

Fixed 
carbon  in 
100  parts. 

Earthy 
matter  in 
100  parts. 

Sulphur. 

Remarks. 

Lonaconing,  Maryland,  12  -  feet 
Seam, 

Kitzmiller's,  Hardy  County, 
Falls  of   Stony  River,  Hardy 

County,  Lower  Seam, 
Stony  River,  1  mile  North  of 

Turnpike,  .... 
Colonel  Fairfax's  Kingwood  Basin, 

Upper  Seam,  .... 
Do.    do.    Middle  Seam,  2^  miles 

from  Kingwood, 
Forman's  Basin,  South-East  of 

Kingwood  Basin, 
Forman's  Mill,  Big  Sandy,  1  mile 

from    Brandonville,  Preston 

County,  Middle  Seam, 
Mr  Seaport's  Big  Sandy  Basin, 

West  side  of  Big  Sandy  River, 
Mr  Hagan's  Kingwood  Basin,  1 

mile  West  of  Kingwood,  . 
Mr  Cresap's,  three-fourths  of  a 

mile  South- West  of  Kingwood, 
Main  Seam,  Clarksburg  Upper 

Coal  series,  .... 
Main  Seam,   near  the  middle, 

Clarksburg,  .... 
Main  Seam,  Pruntytown  (same 

with  the  Clarksburg  Seam), 
Main  Seam,  Morgantown  (same 

with  the  preceding), 
Judge    Summer's    Bank,  Coal 

Creek,  Keuawha, 
Judge  Summer's   Vein,  Grand 

Creek,  Kenawha, 
Wolf  Creek,  half  a  mile  above  the 

Burning  Spring,  Big  Sandy,  . 
Big  Coal  River,  5  miles  above  the 

junction  of  the  two  branches, 

Three-Mile  Creek,  Kenawha 
County,  

Lawsou's  Opening,  Logan  Court- 
house,   

Traa  Fork,  Guyandotte, 

Pigeon  Creek,  Big  Sandy  River, 
.    f     ,  Clover  Hill, 

1            Mid-Lothian,     .  . 

-|     "s  Stonehenge, 

§      §     Engine  Shaft,  Maiden- 

j§     9  Jiead, 

g"     ^     Engine  Shaft,  worked 

$  i  '^u      by  Heth,Potts,&  Co., 

%'%  11  1  Wills'sPit,  . 

gm         Colonel    Heth's  deep 
o  i        shaft,  bottom  of  the 
0  \  SB        seam,      .       .  ■ 

'^■X,  Q      Powhatan  Pits,  . 

■2            Winterpock  Creek,  Ap- 

.S  i            pomatox  River,  Mr 

^          V    Cox's  Mine,  . 

■3        fs     (Anderson's  Pit,  First 
i  1  i  j:  1    Seam  in  Shaft, 

^        sS.I  /  Barr's    Pits,  First 

,o      § i.g'^  1    Seam,  . 

^     ^  a'^    I^Deep  Run  Pits, 

19.37 

15.48 
15.52 
13.28 
31.75 
21.11 
21.00 

22.40 
27.12 
26.48 
30.24 
41.66 
45.43 
39.00 
37.30 
41.85 
43.20 
48.00 
47.10 

50.30 

39.50 
42.00 

41.00 
33.04 
32.09 
36.50 

32.63 

37.65 
32.50 

35.82 
32.33 

29.12 

28.30 

24.00 
25.16 

77.43 
79.76 

79.16 

83.36 

53.77 

65.32 

73.68 

67.60 
66.64 
68.32 
64.24 
56.74 
49.21 
57.60 
60.54 
55.55 
52.75 
47.15 
50.20 

45.95 

58.35 
56.50 

55.00 
56.83 
63.11 
58.70 

63.97 

62.35 
62.90 

53.36 
59.87 

65.52 

66.78 

70.80 
69.84 

3.20 
4.76 

5.32 
3.36 
14.48 
6.91 
5.32 

10.00 
6.24 
5.20 
5.32 
1.60 
5.36 
3.40 
2.14 
2.60 
4.05 
4.85 
2.70 

3.75 

2.15 
1.50 

4.00 
10.13 
4.80 
4.80 

3.20 

2.80 
4.60 

10.82 
7.80 

5.36 

4.92 

5.20 
5.00 

0.99 

Prof.  W.  B.  Rogers. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 

Prof  W.  R.  Johnson. 
Do. 

Prof  W.  B.  Rogers. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Compact,  thin  laminae,  stri- 
ated, shining,  jet  black. 

Compact,  fracture  irregular, 
jet  black. 

Laminated,  shining,  jet 
black,  strioj  indistinct. 

Cleaves  into  laminae,  jet 
shining  black,  striae  indis- 
tinct. 

Semi-compact,  laminated, 
dull-black. 

Massive,  shining  jet  black. 

Massive,  columnar,  dull- 
black. 

Shining  jet  black,  laminie 

Ashes,  light  reddish. 

Ashes,  strong  red. 

Ashes,  reddish  yellow. 
Ashes,  light  brown. 

Ashes,  light  pinkish-brown. 
Ashes,  pale  buff. 

Ashes,  light  grey. 
Ashes,  faint  red. 
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Names  and  Localities  or  Coals. 


KENTUCKY. 

"  Thirty-Inch  Coal,"  near  Racoon 
Creek,  Greenup  County, 

Racoon  Creek,  under  part  of  8  to 
10  inch  Coal,  near  Racoon  Fur- 
nace,      .      .      .      .  , 

Bottom  part  of  Main  Peach  Or- 
chard Coal,  Lawrence  County, 

Main  Ashland  Coal,  below  the 
clay-parting,  Greenup  County, 

Crawford's  Canuel  Coal,  near 
Grayson,  Carter  County, 

Gairt's  Main  Coal,  Big  Sandy,  5- 
Mile  Shoal,  Lawrence  County, 

M^Henry's  Coal,  Tugg  Fork  of  Big 
Sandy,  Lawrence  County, 

Aron's  and  Bogg's  Coal,  Big  Sandy 
Coal,  and  Mining  Company, 
Floyd  and  Johnson  Counties,  . 

Main  Ashland  Coal,  above  clay- 
parting,  Greenuj)  County, 

Coal,  with  slate  roof,  first  bed 
above  Ashland  Main  Coal, 
Greenup  County, 

Kilgore's  Coal,  William's  Creek, 
Carter  County, 

Cannel  Coal  from  Barrett's  Creek, 
Carter  County, 

Airdrie  Coal,  6j  feet  thick,  Muh- 
lenburg  County, 

Fade's  Coal,  2^  miles  S.W.  of 
Greenville  Muhlenburg  County, 

Clark's  Coal,  Pond  River,  Muhlen- 
biu-g  County,  .... 

Todd  and  Crittenden's  Coal,  Ows- 
ley County,  .... 

Cannel  Coal    from  Haddock's 

Mine,  Owsley  County, 
Coal,  Cumberland  River,  Whitley 

County,  

Cannel  Coal,  Dorton's  Branch, 

Cimiberland  River,  . 


Coals  of  Edmondson  County,  First 
Coal,  

Coals  of  Edmondson  County,  Se- 
cond Coal,  .... 

Main  Coal,  Giger's  HUl,  Catletts- 
burg,  Greenup  County,  . 

Coal  from  Hoskin's  Mine,  Short 
Mountain,       .      .      .  . 

Coal,  Kincheloe's  Bluff,  or  Lewis- 
port,  Green  River,  . 

Colonel  Martins'  Coal,  above 
Prestonburg,  Big  Sandy,  . 

Pittsburg  Coal,  .... 

Lower  part  of  First  Coal  under  the 
Anvil  Rock,  Union  County, 

Mr  Hawes'  Main  Coal,  Howes- 
ville,  Hancock  County,  . 

Roberts'  Coal,  Muddy  River, 
Muhlenburg  County, 


Composition. 


Specific 
Gravity. 

Volatile 
Matter  in 
lOU  parts. 

Fixed 
Carbon  in 
100  parts. 

Earthy 
Matter  in 
100  parts. 

Sulphur. 

1.32 

41.20 

50.20 

8.60 

1.44 

1.39 

35.50 

55.30 

9.20 

0.45 

1.27 

38.6 

58.55 

2.85 

... 

1.33 

44.1 

51.4 

4.5 

1.21 

59.0 

34.5 

6.5 

1.30 

41.2 

53.8 

5.0 

1.31 

40.0 

50.0 

10.0 

35.2 

63.8 

1.0 

1.28 

38.30 

57.90 

3.80 

0.73 

1.30 

40.70 

51.00 

8.30 

1.81 

1.31 

41.00 

55.00 

4.00 

0.71 

1.44 

37.50 

42.70 

19.80 

8.00 

1.22 

48.40 

48.50 

3.10 

1.35 

1.26 

40.40 

56.10 

3.50 

0.65 

1.34 

33.30 

59.20 

7.50 

0.55 

1.29 

36.80 

57.10 

6.43 

0.33 

1.21 

50.00 

47.00 

3.00 

0.24 

1.29 

39.00 

57.00 

4.00 

1.25 

42.9 

55.1 

2.0 

1.29 

40.0 

40.0 

20.0 

1.29 

45.2 

53.8 

5.0 

1.21 

40.00 

57.80 

2.20 

0.26 

1.33 

37.8 

55.2 

7.0 

1.27 

43.0 

55.0 

2.0 

38.0 

61.0 

1.0 

1.29 

31.70 

65.30 

3.00 

6.05 

1.36 

39.6 

47.4 

13.0 

1.39 

47.0 

4G.0 

7.0 

1.21 

41.48 

54.72 

3.80 

Authorities. 


Dr  D.  D.  Owen. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 
Do. 


Remarks. 


Slaty,  tough,  dull-black.  A 
splint  coal. 

A  dry  splint  coal  ;  ashes 
nearly  white. 


Ashes,  reddish-grey. 
Ashes,  flesh-colour. 
Ashes,  light  grey. 
Ashes,  whitish  grey. 

Ashes,  flesh-coloured. 

Soft,  "  fat,"  bituminous,  deep 

pitch-black,  strong  lustre ; 

ashes,  purplish  grey. 
Intensely  black  coal,  high 

lustre;  ashes,  lilac-coloured. 
A  splint  coal,  pitch-black, 

lustrous  ;  ashes,  pale  grey. 
Dull,  slaty,  jet-like  lustre  ; 

ashes,  dark  lilac  colour. 
Pure,  soft,  friable,  shining 

pitch-black ;  ashes,  reddish 

grey. 
Ashes,  purplish. 

Friable,  dull,  fragmentary; 

ashes,  nearly  white. 
Pitch-black,  much  lustre, 

fibrous,  splint  coal ;  ashes, 

nearly  white. 
Tough,  pitch-black,  conchoi- 

dal ;  ashes,  buft-coloured. 
Ashes,  light  grey. 

Close  -  textured,  concentric- 
structured,  brilliant,  con- 
choidal ;  ashes,  orange-col- 
oured. 


Bituminous,  pitch  -  black, 
strong  lustre  ;  ashes,  yel- 
lowish grey. 

Ashes,  purplish  grey. 


Pure  -  looking,  pitch  -  black, 
much  lustre ;  ashes,  yellow- 
ish grey. 

Ashes,  reddish  gi'ey. 

Ashes,  white. 
Ashes,  white. 
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CHEMICAL  CONSTITUTION  OF  COALS. 


Names  and  Localities  of  Coals. 


Captain  Davis'  Jakefield  Coa] 

Hopkins  County, 
Gamlilin  Coal,  Hopkins  County, 
Box  Mountain  Spring  Coal,  Hop 

kins  County,  . 
Captain  Davis'  Pigeon  Run  Coal 

Hopkins  County, 
Big  Sandy  Main  Coal,  Lawrence 

County,  .... 
Cook's  Goal,  Green  River,  Hen 

derson  County, 
Bonharbor  Coal,  Daviess  County. 
Two  inches  of  coal  on  the  top  of 

Bonharbor  Coal, 

Wolf  Hill  Coal,  Daviess  County, 

Two-feet  Henderson  Coal,  equiva- 
lent of  the  Little  Newbury, 

Gall  ion's  Coal,  William's  Creek 
Carter  County, 

Keath's  Coal,  near  Pond  River, 
N.E.  part  of  Christian  County 

Lacey's  Atchison's  Coal,  Pond 
River,  N.E.  part  of  Christian 
County,  .... 

Robert  and  A.  G.  Carter's,  Bath 
County,  .... 

Mulford's  Main  or  Five-feet  Coal 

Union  County, 
Bell's  Coal,  Crittendon  County, 
Mulford's  Four-foot  Bed  of  Coal 

Union  County, . 
"Little  Vein,"  Mulford's  Mine 

Union  County, 
Little  Vein,  Cannel  part, 
Mulford's   Middle  Coal,  Union 

County,  .... 
lee-House  Coal,  Union  County, 
Upper  part  of  First  Coal  under  the 

Anvil  Rock,  Union  County, 
Wright's  Mountain  Coal,  Hopkins 

County,  .... 
Robinson's   Coal,   Clear  Creek, 

Hopkins  County, 
Pond  River  Coal,  near  M'^Nary's 

Hopkins  County, 

Tyf^ert's  Coal  -  bank.  Hickory 
Camp  Creek,  Butler  County,  . 

Pardon  Sheldon's  Coal,  Welch 
Creek,  Butler  County, 

Sneed's  Coal  Mines,  Tradewater, 
Crittenden  County,  . 

Caseyville,  Cannelton  Coal, 


Composition. 


Specific 
Gravity. 


INDIANA. 


Cannelton, 


SOUTHERN  ILLINOIS. 

Saline  River,  Galatin  County, 
Upper  Bed,  .... 
Saline  River,  Second  Bed,  . 


1.29 
1.27 

1.33 

1.28 


1.27 
1.52 
1.22 

1.31 
1.30 

1.27 
1.32 

1.30 
1.27 

1.28 

1.30 
1.36 

1.40 
1.34 

1.28 

1.28 

1.27 

1.29 

1.29 
1.24 

1.31 
1.39 


Volatile  |  Fixed 
Matter  in  i  Carbon  in 
100  parts.  I  100  parts. 


1.28 


43.75 
42.47 

40.75 

46.8 

35.2 

44.5 
48.3 

38.0 

42.4 

45.5 

45.80 

43.90 

41.70 
38.00 

39.5 
39.4 

42.4 

36.7 
40.3 

38.7 
36.5 

51.3 

41.40 

45.50 

40.30 

38.G0 


37.00 
31.82 

38.16 


42.4 
36.8 


50.75 
56  13 

50.25 

49.7 

63.8 

47.0 
46.7 

37.0 

56.6 

44.5 

49.50 

48.90 

53.30 
53.90 

57.5 
57.6 

50.6 

55.3 
47.7 

51.3 
58.5 

42.3 

56.30 

51.10 

53.50 

56.90 


38.70  60.70 


55.40 
44.49 

58.34 


56.1 
55.2 


Earthy 
Matter  in  Sulpliur. 
100  parts. 


5.50 
1.40 

9.00 

3.5 

1.0 

8.5 
5.0 

25.0 
1.0 

10.0 
4.70 
7.20 

5.00 
8.10 

3.0 
3.0 

7.0 

8.0 
12.0 

10.0 
5.0 

9.0 

2.30 

3.40 

6.20 

4.50 
0.60 

7.60 
23.69 


3.50 


1.5 
8.0 


Authorities. 


2.41 
2.16 

1.36 
0.99 


0.10 
1.56 
1.12 

0.29 
0.26 

1.04 


DrD.  D.  Owen. 
Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Prof.  W.  R.  Johnson. 
Do. 


Dr  Norwood. 
Do. 


Remarks. 


Ashes,  nearly  white. 
Ashes,  pale  flesh-colour. 

Ashes,  light  greyish  flesh- 
colour. 
Ashes,  white. 


Ashes,  light  grey,  almost 
white. 

Hard,  close  -  textured,  com- 
pact, cannel-like. 


Ashes,  grey. 

Pitch-black,  strong  lustre ; 
ashes,  dark  lilac  colour. 

Soft,  friable,  dull,  pitch- 
black  ;  ashes,  pale  reddish 
grey. 

Soft,  bituminous,  pitch-black, 
lustrous;  ashes,  lilac-coloured. 
A  splint  coal,  fibrous,  pitch- 
black  lustre ;  ashes,  light- 
grey  colour. 

Ashes,  pale  flesh-colour. 

Ashes,  light  grey. 

Ashes,  light  grey. 

Ashes,  reddish  grey. 
Ashes,  reddish  grey. 

Ashes,  reddish  grey. 

Pure-looking,  soft,  friable  ; 
ashes,  dark  grey. 

Soft,  pitch-black ;  ashes,  red- 
dish grey. 

Ochreous,  pure,  pitch-black, 
lustrous ;  ashes,  dark  brick 
red. 

Friable,  pitch-black  ;  ashes, 
light  yellowish  grey. 

Pure  -  looking,  soft,  pitchy- 
black,  strong  lustre ;  ashes, 
dirty  salmon  colour. 

Very  black,  pure,  bitumin- 
ous ;  ashes,  purplish  grey. 
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Names  and  LocALiriEs  of  Coals. 

Composition. 

Authorities. 

Remarks. 

Specific 
Gravity. 

Volatile 
Matter  in 
100  parts. 

Fixed 
Carbon  ir 
100  parts 

Earthy 
1  Matter  in 
100  parts 

Sulphur 

Saline  River,  lowest  bed  worked, 

1.29 

40.8 

55.5 

3.7 

Dr  Norwood. 

Saline  River,  Upper  Bed  Lock 

Reserve,  

L.30 

39.2 

57.8 

3.0 

Do. 

Eagle  Creek,  Galatin,  . 

1.23 

37.0 

57.2 

5.8 

Do. 

Ashes,  grey. 

Bowles,  

1.30 

39.8 

53.2 

7.0 

Do. 

Ashes,  white. 

Equality,  Lower  Bed,  . 

1.29 

35.8 

52.2 

12.0 

Do. 

Equality,  Upper  Bed,  . 

1.30 

37.7 

59.8 

2.5 

Do. 

Equality,  Top  Bed,  Martin's, 

1.27 

40.66 

51.92 

6.7 

Do. 

Ashes,  drab. 

Coal  Branch  of  Bankston  Creek, 

Saliae  County, .... 

1.28 

39.08 

50.6 

9.6 

Do. 

Hay's  Mill,  Little  Saline  River, 

Saline  County, 

1.49 

32.04 

57.6 

10.0 

Do. 

Ashes,  dark  red. 

Dr  Smith's,  Williamson  County,  . 

1.31 

40.1 

51.92 

8.7 

Do. 

Ashes,  reddish  brown. 

Spiller's,  Williamson  County, 

1.28 

43.1 

54.9 

2.0 

Do. 

Joel  Johnson's,  Johnson  County, 

1.44 

25.6 

47.84 

27.1 

Do. 

Ashes,  white. 

Murphreysboro',  J ackson  County, 

1.29 

37.7 

60.8 

1.5 

Do. 

Shasteeu,  Hamilton  County, 

1.32 

38.94 

53.56 

7.5 

Do. 

Ashes,  pale  brown. 

Du  Quoin,  Perry  County,  . 

1.28 

48.9 

48.1 

3.0 

Do. 

Ashes,  grey. 

Schneider's,  Munroe  County, 

1.24 

42.9 

52.6 

4.5 

Do. 

Ashes,  white. 

Schneider's,  Lower  Bed, 

1.28 

41.0 

52.2 

6.8 

Do. 

Caseyville,  Six-Feet  Bed,  St  Clair 

Do. 

County,  

1.30 

39.8 

55.2 

5.0 

Do. 

Ashes,  pale  red. 

Pfeiffers,  St  Clair, 

1.29 

44.3 

51.2 

4.5 

Do. 

Ashes,  red. 

BeUeviUe,  St  Clair,  . 

1.26 

45.0 

49.6 

5.4 

Do. 

Ashes,  grey. 

Belsha's  Middle  Drift,  St  Clair,  . 

1.29 

43.66 

47.74 

8.6 

Do. 

Ashes,  grey. 

Ddg  and  Kempff's,  Belleville, 

anddle  St  Clair,  . 

1..38 

42.38 

49.02 

8.6 

Do. 

Ashes,  white. 

DUg  and  Kempffs  Top  Coal,  St 

Clair,  

1.28 

45.54 

47.66 

6.8 

Do. 

Ashes,  white. 

Dilg  and  Kempff's  Bottom  Coal, 

St  Clair,  

1.35 

39.63 

36.77 

23.6 

Do. 

Ashes,  grey. 

W.  B.  ChurchiU's,  St  Clair, 

1.31 

45.4 

45.7 

8.9 

Do. 

Ashes,  white. 

Jeffrey's,  Madison  County,  . 

1.28 

48.75 

47.35 

3.9 

Do. 

Ashes,  grey. 

Cartlidge's,  Madison,  . 

1.31 

44.39 

45.01 

10.6 

Do. 

Ashes,  grey. 

Groshang's,  Madison,  . 

1.32 

37.55 

54.85 

7.6 

Do. 

Ashes,  brown. 

Dumford's,  near  Alton,  Madison, 

1.25 

47.26 

47.44 

5.3 

Do. 

Ashes,  grey. 

Emerson  and  Ryder's,  Madison,  . 

1.31 

42.6 

53.9 

3.5 

Do. 

Ashes,  reddish  brown. 

Wood  River,  Middle  Uencn,  Madi- 

son,   

1.31 

50.0 

42.7 

7.3 

Do. 

Ashes,  pink. 

Wood  River,  Upper  Bench, . 

1.29 

55.3 

37.2 

7.5 

Do. 

Ashes,  grey. 

Cook's,  Madison, 

1.30 

51.15 

38.85 

10.0 

Do. 

Ashes,  grey. 

EdwardsviUe,  Madison, 

1.34 

46.85 

49.75 

3.4 

Do. 

Ashes,  purplish. 

MIDDLE  ILLINOIS. 

Johnson's,  Calhoun  Coimty, 

1.26 

45.7 

49.1 

5.2 

Do. 

Ashes,  brown. 

Near  CarbinviUe,  Macoupin, 

1.27 

43.48 

48.72 

7.8 

Do. 

Ashes,  grey. 

Houseworth's,   near  Pittsfield, 

Pike  County,  .... 

1.22 

49.5 

45.5 

5.0 

Do. 

Ashes,  white. 

Jackson's,  near  Pittsfield,  . 

1.77 

14.1 

56.9 

29.0 

Do. 

Ashes,  grey. 

Drake's,  Green  County, 

1.30 

40.47 

48.93 

10.6 

Do. 

Ashes,  grey. 

Sander's,  North  of  Springfield, 

Langamon  County,  . 

1.24 

48.14 

42.86 

9.0 

Do. 

Springfield,  Langamon, 

1.28 

53.9 

42.8 

3.3 

Do. 

Ashes,  dark  grey. 

Puflfenberger's,  Langamon,  . 

1.26 

50.68 

43.62 

5.7 

Do. 

Ashes,  dark  brown. 

Pleasant  View,  Schuyler  County, 

1.28 

40.6 

52.9 

6.5 

Do. 

Ashes,  deep  red. 

Rushville,  Schuyler  County, 

1.30 

41.6 

46.1 

12.3 

Do. 

Ashes,  wliite. 

Exeter,  Scott  County,  . 

1.28 

42.37 

50.13 

7.5 

Do. 

Ashes,  red. 

Barker's,  Scott  Coimty, 

1.23 

42.8 

52.2 

5.0 

Do. 

Ashes,  light  brown. 

Frost's,  Scott  County, 

1.28 

46.37 

46.53 

7!l 

Do. 

Ashes,  red. 

Higby's,  Adams  County, 

1.33 

48.4 

4L2 

10.4 

Do. 

Ashes,  yellow. 

Bassett's,  Adams  County,  . 

1.26 

42.52 

51.48 

6.0 

Do. 

Ashes,  pale  red. 

Payne's,    in    entry.  Vermilion 

Do. 

County,  

1.28 

47.0 

47.5 

5.5 

Do. 

Ashes,  grey. 

Payne's,  in  outcrop,  Vermilion,  . 

1.26 

46.1 

43.9 

10.0 

Do. 

Ashes,  grey. 

Henson's,  Vermilion,  . 

1.31 

43.5 

50.0 

6.5 

Do. 

Lafferty's,  Six-Feet  Bed,  Vermi- 

lion,       .      .             .  . 

1.28 

44.3 

48.7 

7.0 

Do. 

Ashes,  grey; 
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Names  and  Localities  of  Coals. 

Composition. 

Authorities. 

Specific 
Gravity. 

Volatile 
Matter  in 
100  parts. 

Fixed 
Carbon  in 
100  parts. 

Earthy 
Matter  in 
100  parts. 

Sulphur. 

Carother's,  Vermilion,        .    .  . 

L21 

50.8 

46.2 

3.0 

Dr  Norwood. 

Gilbert's,  Vermilion,  . 

1.21 

51.4 

45.6 

3.0 

Do. 

Butler's,  VermOion, 

1.39 

40.1 

47.9 

12.0 

Do. 

Leonard's,  Vermilion,  . 
AVilliam's,  Vermilion,  . 

1.31 

45.57 

48.93 

5.5 

Do. 

1.22 

49.15 

45.85 

5.0 

Do. 

Alexander's,  Vermilion, 

1.26 

43.5 

40.5 

16.0 

Do. 

Rus-sell's,  Vermilion,  . 

1.21 

49.0 

39.0 

12.0 

Do. 

Chicago  and  Danville  Coal  Com- 

pany, Vermilion, 
Cook's,  Vermilion, 

1.23 

49.04 

48.96 

2.0 

Do. 

1.33 

47.3 

47.7 

5.0 

Do. 

hjli   rhni'Tifnn  q  vprmilinn 

J-iLl    d.  LiXJL  LL\,\Jll  ISy     V  K^miLliyjlly      •  • 

1.40 

42.27 

55.73 

2.0 

Do 

J.  H.  Blackmore's, 

1.29 

44.5 

47.10 

8.4 

Do.' 

Colchester,  Mt'Donnough  County, 

1.29 

41.2 

56.8 

2.0 

Do. 

Opposite  Peoria, Tazewell  County, 

1.26 

43.4 

48.6 

8.0 

Do. 

Salem  Hill,  Menard  County, 

1.26 

46.0 

51.2 

2.8 

Do. 

NORTHERN  ILLINOIS. 

Kickapoo,  Peoria  County,  . 

1.28 

47.7 

46.3 

6.0 

Do. 

M^Murtry's,  Knox  County, 

1.21 

50.5 

45.5 

4.0 

Do. 

Loomis,  Wataga,  Knox, 

1.28 

44.4 

51.1 

45 

Do. 

Loomis,  Cannel  Coal,  Knox, 

1.33 

42.4 

33.6 

24.0 

Do. 

Smith's,  Warren  County, 

1.24 

43.1 

51.7 

5.2 

Do. 

Tucker's,  Warren, 

1.22 

44.8 

51.0 

4.2 

Do. 

Sheffield,  Bureau  County,  . 

1.19 

47.5 

47.5 

5.0 

Do. 

Tiskilwa,  Bureau  County,  . 

1.36 

43.0 

48.9 

8.1 

Do. 

Rock  Island,  Shale,  Rock  Island 

County,  

1.44 

31.3 

46.7 

22.0 

Do. 

Carbon  Cliff,  Rock  Island,  . 

1.24 

43.7 

52.8 

3.5 

Do. 

Corcoran's,  Rock  Island, 

1.26 

47.2 

50.3 

2.5 

Do. 

Robbin's,  Henry  County, 

1.22 

49.7 

47.1 

3.2 

Do. 

Aldrich's,  Henry, 

1.26 

43.1 

49.9 

7.0 

Do. 

Kewanee,  Henry, 

1.23 

42.2 

52.8 

5.0 

Do. 

Geneseo,  Henry,  .... 

1.32 

41.24 

52.76 

6.0 

Do. 

Thornton    and  Park's,  Mercer 

Do. 

County,  

1.24 

45.8 

49.7 

4.5 

Perley's  Ottawa,  La  Salle  County, 
Ward's,  Marseille's,  La  Salle, 

1.26 

43.7 

52.3 

4.0 

Do. 

1.31 

45.6 

33.4 

21.0 

Do. 

Hitt's  Vermilion  Mine,  La  Salle, 

1.29 

46.9 

40.3 

12.8 

Do. 

Kirkpatrick's,  Big  VermUion,  La 

Do. 

Salle,  

1.20 

48.2 

49.3 

2.5 

Ireland's,  La  Salle, 

1.23 

46.7 

50.3 

3.0 

Do. 

Seeley's  Lowell,  La  Salle,  . 

1.22 

42.6 

41.4 

16.0 

Do. 

Kirkpatrick's  Cannel  Coal,  La 

Do. 

Salle,  

1.43 

39.6 

30.4 

30.0 

Eagle  Creek,  La  Salle, 

1.22 

46.7 

45.8 

7.5 

Do. 

Buffalo  Rock,  La  Salle, 

1.28 

45.0 

50.5 

4.5 

Do. 

Big  Vermilion,  La  Salle, 

1.24 

51.4 

47.1 

1.6 

Do. 

Egleston's  Cannel  Coal,  La  Salle, 

1.41 

44.5 

41.5 

14.0 

Do. 

Field  and  Round's,  La  Salle, 

1.22 

48.1 

46.7 

5.2 

Do. 

Kirkpatrick's  Cannel  Coal,  La 

Do. 

Salle,  

1.26 

45.2 

40.1 

14.7 

Egleston's,  La  Salle, 

1.21 

48.25 

48.45 

3.3 

Do. 

Hartshorue's,  La  Salle, 

1.27 

42.5 

49.7 

7.8 

Do. 

Kentucky's  Coal  Mining  Com- 

Do. 

pany,  Upper  Bed,  La  Salle, 
Gorbett's,  La  Salle, 

1.25 

52.51 

40.49 

7.0 

l.ZO 

40.  la 

4/.lz 

7.7 

Do. 

Kentucky  Shaft,  La  Salle,  . 

1.26 

42.93 

60.07 

7.0 

Do. 

reru,  L/a  oalle,  .... 

1.53 

28.68 

40.32 

81.0 

Tin 

Watson's,  Grundy  County,  . 

1.26 

45.5 

47.8 

6.7 

Do. 

Turner's,  Morris,  Grundy,  . 

1.22 

48.5 

49.0 

2.5 

Do. 

Eight  Miles  South- West  of  Wil- 

Do. 

mington,  Grundy,  . 

1.21 

47.95 

49.15 

2.9 

MISSOURI. 

Osage  River,  .... 

1.20 

43.50 

51.16 

5.34 

Prof.  W.  R.  Johnson. 

Remarks. 


Ashes,  greyish  white. 

Ashes,  grey. 
Ashes,  white. 


Ashes,  grey. 

Ashes,  bluish  grey. 

Ashes,  reddish  grey. 

Ashes,  red. 

Ashes,  reddish  grey. 

Ashes,  light  grey. 

Ashes,  grey. 

Ashes,  very  dark  red. 


Ashes,  grey. 
Ashes,  nearly  black. 
Ashes,  pink. 
Ashes,  grey. 
Ashes,  red. 
Ashes,  red. 
Ashes,  white. 
Ashes,  white. 

Ashes,  light  red. 
Ashes,  white. 
Ashes,  black. 
Ashes,  blackish  grey. 
Ashes,  bro\vn. 
Ashes,  grey. 
Ashes,  brown. 

Ashes,  white. 
Ashes,  white. 
Ashes,  white. 
Ashes,  white. 

Ashes,  grey. 
Ashes,  grey. 
Ashes,  bright  brick  red. 

Ashes,  grey. 
Ashes,  dark  red. 
Ashes,  pale  red. 


Ashes,  red. 

Ashes,  blackish  grey. 
Ashes,  grey. 
Ashes,  brown. 

Ashes,  brown. 
Ashes,  red. 
Ashes,  purplish. 
A.shes,  brown. 
Ashes,  pink. 
Ashes,  white. 
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The  Carboniferous  System  of  Great  Britain  occupies  the  Western  and  Midland  parts  of  the  Island,  extending,  with 
slight  inten-uptions,  from  South  Wales,  or  the  Bristol  Channel,  to  the  estuaries  of  the  Firth  of  Clyde  in  Scotland. 
This  Carboniferous  system  succeeds  the  Devonian  or  Old  Red  Sandstone  formation,  which,  in  its  turn,  reposes  on  the 
older  Palseozoic  or  Silurian  system.  In  England  the  Carboniferous  system  is  generally  composed  of  five  groups  of 
strata,  the  whole  of  which,  however,  are  not  always  present  in  particular  localities.  They  are  as  follows,  beginning 
with  the  uppermost  : — 


4.  Scar  limestone,  or  mountain  limestone. 

5.  Shales. 


1.  Coal-seams,  alternating  with  sandstone  and  shale. 

2.  Millstone-grit. 

3.  Yordale  rocks,  shales,  limestone,  and  gritstones. 

The  Carhoniferous  or  Mountain  Limestone  forms  the  base  of  the  Coal-measures.  In  North  and  South  Wales,  in 
Derbyshire,  Somersetshire,  and  Gloucestershire,  it  forms  one  unbroken  band,  with  a  thickness  varying  from  1900  feet 
to  400  and  500  feet,  and  frequently  rises  to  the  siu-face.  As  it  passes  N.,  however,  through  Lancashire,  Cumberland, 
and  Northumberland,  to  the  Tweed,  it  becomes  more  and  more  divided  by  beds  of  sandstone  and  shales,  till  at  Aid- 
stone  Moor  no  less  than  twenty  of  these  bands,  having  an  aggregate  thickness  of  470  feet,  are  found  alternating  with 
shales  and  coal-seams. 

Throughout  all  this  range,  though  the  aspect  of  the  limestone  varies  somewhat,  yet  it  preserves  nearly  a  imiform 
mineral  character.  It  is  nearly  a  pure  carbonate  of  lime,  of  a  gi-eyish  or  bluish-grey  colour,  passing  to  blocks  of 
considerable  hardness,  and  with  a  conchoidal  fracture.  Many  varieties,  on  being  rubbed  or  bruised,  exhale  a  fcetid 
odour.  Sometimes  it  contains  an  admixture  of  clay  and  of  carbonate  of  magnesia,  at  other  times  it  forms  with  sand- 
stone a  brecciated  mass.  It  is  full  of  organic  remains,  chiefly  corah,  encrinites,  Producta,  Spiriferce,  Terehratulae, — 
all  indicative  of  its  marine  origin. 

Solid  bitumen  is  frequently  found  imbedded  in  this  limestone.  Chert  nodules,  and  other  silicified  masses,  are 
prevalent ;  and  in  Derbyshire  the  limestone  is  intersected  by  an  igneous  rock  called  Toadstone. 

The  Yordale  rocks,  common  in  Derbyshire  and  Yorkshire,  consist  of  shaly  limestone  of  a  black  or  brown 
colour,  and  a  micaceous  gritstone,  with  an  average  thickness  of  500  feet.  The  dark  argillaceous  limestone  contains 
an  abundance  of  marine  shells,  Goniatites,  Orthoceratifes,  and  Posidon  ia',  having  their  cavities  filled  with  liquid  bitumen. 
It  is  of  importance  to  notice  that  the  lower  coal-shales  of  Ireland  contain  exactly  similar  beds  of  bituminous  shaly  lime- 
stone as  the  above. 

Millstone-Grit. — This  sandstone  bed,  immediately  below  the  coal-seams,  is  a  coarse-grained  sandstone,  identical  in 
its  component  parts  with  the  sandstones  of  the  coal  strata.  It  is  made  up  of  quartz  pebbles,  of  various  sizes  under 
that  of  an  egg  ;  of  felspar,  in  small  rounded  masses,  having  internally  a  crystalline  structure ;  and  of  pale  silvery 
fragmentary  scales  of  mica  sparingly  intermixed  ;  the  whole  cemented  by  a  soft,  whitish,  unctuous  mass  of  decom- 
posed felspar. 

The  millstone-grit  of  the  S.  of  England  is  more  compact,  harder,  and  more  cherty  than  the  coarse  pebbly  con- 
glomerate of  the  N.  districts  ;  it  furnishes  a  good  building-stone  in  Yorkshire,  Lancashire,  and  Derbyshire,  and  under 
the  name  of  "  Farewell  Rock "  in  Dean  Forest  and  South  Wales,  is  a  valuable  stone  for  the  construction  of  iron 
furnaces,  as  it  is  found  to  resist  great  heat. 

The  Coal-Measures. — These  consist  of  alternating  strata  of  sandstone,  shale,  coal,  and  ironstone. 

The  sandstone  beds,  of  varying  thickness,  consist  of  the  same  materials  as  the  millstone-grit,  but  are  generally 
softer  and  more  argillaceous.  They  both  indicate  an  origin  from  decomposed  granites,  or  similar  crystalline  rocks. 
Iron  nodules,  marine  shells,  Goniatites,  Unios,  Pectens,  and,  in  some  localities,  shells  of  fresh -water  molluscs,  together 
with  the  usual  fossil  plants  of  the  coal-formation,  are  common  to  the  true  Coal-measures,  as  well  as  the  accompanying 
shales,  grits,  and  sandstones. 

The  chief  workable  coal-fields  of  Great  Britain  consist  of  the  South  Wales  basin,  the  Dean  Forest,  Gloucestershire, 
the  great  central  and  Western  coal-field  extending  through  Nottinghamshire,  Derbyshire,  Yorkshire,  Durham,  North- 
umberland, and  on  the  West  through  Cheshire,  Lancashire,  Westmoreland,  Cumberland,  a  distance  of  200  miles 
in  length,  with  an  average  breadth  of  60  miles  ;  the  coal-fields  of  Berwickshire  and  Dumfriesshire  in  Scotland,  and  the 
great  Scottish  basin,  extending  from  the  mouth  of  the  Firth  of  Forth  on  the  E.,  to  the  mouth  of  the  Clyde  on  the  W. 
shores. 

The  Great  South  Wales  Coal-Field. — This  extensive  deposit  occupies  the  N.W.  portion  of  the  Bristol  Channel, 
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extending  from  St  Bride's  Bay  on  the  W.,  to  Pontypool  on  the  E.,  a  distance  of  90  miles,  the  maximum  breadth  being 
about  60  miles.  It  is  divided  into  two  parallel  basins  by  a  longitudinal  axis  of  elevation.  The  depth  from  the  car- 
boniferous limestone  to  the  uppermost  coal-series  is  computed  at  12,000  feet,*  and  the  depth  of  the  true  Coal-measures 
8000  feet.  There  are  23  beds  of  workable  coal,  with  an  aggregate  thickness  of  92  feet — 12  beds  are  from  3  to  9  feet 
thick,  11  from  18  inches  to  3  feet,  with  numerous  others  from  6  to  18  inches  thick. 

The  nature  of  the  coal  varies  at  different  points  even  in  the  same  beds.  On  the  N.E.  side  is  a  coking  coal,  well 
suited  for  the  manufacture  of  iron  ;  on  the  N.  the  coal  or  culm  is  an  anthracite  ;  on  the  S.  side,  from  Pontypool  to 
Caermarthen  Bay,  it  is  of  a  bituminous  quality. 

There  are  at  least  sixteen  layers  of  ironstone  and  iron  nodules  in  thin  beds.  No  trap-dykes  or  igneous  rocks  in 
any  form  enter  this  basin,  though  syenitic  rocks  adjoin  it  in  Pembrokeshire. 

The  South  Wales  coals  are  shipped  for  the  supply  of  the  S.W.  coast  of  England,  and  for  Ireland,  as  also  Spain, 
France,  Malta,  and  Egypt. 

Home  consumpt  and  exports  in  1841,         ....       4,800,000  tons. 
Price  of  anthracite  coal  from  8s.  to  10s.  per  ton; — other  coals  from  7s.  to  10s.  and  lis.  per  ton. 

The  Welsh  semi-bituminous  coal  is  similar  to  that  of  Pennsylvania,  and  is  in  request  as  steam  coal. 
Anthracite  is  employed  largely  in  South  Wales  in  the  iron  manufactories,  which  have  of  late  years  rapidly 
multiplied  there. 

In  1854  the  amount  of  anthracite  coal  raised  in  Glamorgan  and  Pembroke  shires  was      .     1,000,000  tons. 
Of  bituminous  coal  from  Monmouth  and  Glamorgan  shires,         ....     7,500,000  „ 
There  were  exported  by  sea,  coastwise,  in  the  same  year,  of  coals,  coke,  and  culm,  .     2,065,957t  „ 

Exported  to  foreign  countries,  do.,  .......        829,058  „ 

North  Wales  Basin. — This  basin  lies  S.  of  the  estuary  of  the  Dee  in  Flintshire,  and  extends  from  N.  to  S.  upwards 
of  30  miles.  The  coal  shales  rest  upon  the  Silurian  slate  of  Selattyn  Mountain,  and  dip  generally  E.,  forming,  in 
the  N.  part,  a  trough  below  the  estuary  of  the  Dee  ;  from  thence  they  rise  on  the  E.  side  of  that  estuary,  and,  sinking 
below  the  red  sandstone,  extend  to  the  river  Mersey,  and  probably  join  the  Lancashire  coal-beds.  The  seams  are  of 
various  thicknesses,  from  2  to  15  feet,  and  consist  of  the  common  bituminous  and  cannel  coals. 

Forest  of  Z>ea?i.— This  small  isolated  basin  lies  on  the  E.  side  of  the  estuary  of  the  Severn  in  Gloucestershire.  It 
contains  twenty-seven  seams,  with  an  aggregate  thickness  of  37  feet  of  coal,  mostly  soft-burning,  but  in  the  lower 
seams %f  a  coking  quality. 

CoalbrooMcde. — This  small  coal-field,  about  12  miles  in  length,  is  situated  in  Shropshire,  on  the  E.  slopes  of  the 
Wrekin.  There  are  various  coal-beds,  forming  an  aggregate  thickness  of  from  16  to  55  feet,  the  whole  greatly 
broken  up  by  the  intrusion  of  trap  rocks  and  dykes.  The  coal  is  slaty-bituminous,  frequently  sulphurous.  Cannel 
coal  is  rare  ;  petroleum  abounds  in  the  centre  and  upper  part  of  the  field. 

Broken  patches  of  coal  sti-ata  lie  on  the  S.  side  of  the  valley  of  the  Severn,  along  the  vale  of  Shrewsbury. 

Sotith  Staffordshire  Coal-Fiekl. — This  field  extends  20  miles  from  N.  to  S.,  and  aboiit  7  miles  in  breadth,  includ- 
ing Dudley,  Bilston,  and  Cannock  Chase.  In  the  centre  of  the  field  a  saddle-shaped  anticlinal  ridge  of  the  Wenlock 
limestone  of  the  Silurian  system  rises  up,  upon  the  summit  of  which  is  built  Dudley  Castle.  The  Coal-measures  lie  on 
each  side  of  this  limestone,  and  are  traversed  from  N.W.  to  S.E.  by  a  basaltic  dyke,  which  causes  numerous  faults  in 
the  strata.  The  new  red  sandstone  lies  above  the  Coal-measures  ;  the  millstone-gi-it  is  absent  below,  and  the  strata  are 
mostly  argillaceous,  interspersed  with  ironstone,  the  only  valuable  seams  of  which  are  near  the  base  of  the  series. 

The  coal-seams  are  numerous,  and  vary  in  thickness  from  9  inches  to  upwards  of  80  feet.  Only  the  lower  seams 
are  workable.  The  aggregate  thickness  of  coal  near  Dudley  is  about  57  feet,  and  between  Bilston  and  AVolverhampton 
upwards  of  70  feet. J  The  seams  crop  out,  and  are  lost  to  the  N.  of  Walsall.  The  coal-seams  are  classed  into  three 
divisions,  the  great  "  Ten-yard  Seam  "  being  the  chief.  This  "  main  seam  "  lies  near  Dudley,  at  a  depth  of  360  feet. 
It  is  composed  of  thirteen  different  beds,  separated  by  thin  partings,  which  in  some  places  swell  out  into  considerable  extent, 
the  greatest  aggregate  thickness  amounting  to  39  feet.  Each  of  these  divisions  has  its  particular  name,  and  is  charac- 
terised by  varying  qualities  of  coal.  The  middle  portions  are  the  best,  and  are  used  for  household  purposes  ;  about 
one-half  is  inferior,  and  is  used  only  in  the  ironworks.  The  coal  does  not  cake,  but  burns  freely,  leaving  a  white  ash. 
Cannel  coal  is  found  in  some  of  the  seams  of  this  coal-field  to  a  limited  extent. 

From  the  basaltic  masses  which  traverse  the  coal-field,  wedge-like  portions  pass  off"  laterally  into  the  seams,  and  at 
the  points  of  junction  the  coal  appears  to  have  been  altered  by  the  heat  of  the  igneous  rocks. 

There  are  seventy  coal-pits  worked  in  this  district.  The  deepest  workings  are  780  feet,  the  shallowest  120  feet. 
About  2000  miners  are  employed.  The  celebrated  Stourbridge  fire-bricks  are  manufactured  here  ;  and  large  quantities 
of  iron  are  produced,  amounting  in  1846  to  half  a  million  tons.  In  1837  there  were  conveyed  by  canals  from  this 
district  2,091,596  tons  of  coal.  In  1854,  from  531  collieries  in  Staff'ordshire  and  Worcestershire  there  were  raised 
7,500,000  tons  of  coal. 

»  De  la  Beche.  +  Mining  Records.  X  Juke's  Records  of  School  of  Mines.  §  Mining  Records. 
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North  Staffordshire  Coal-Field. — This  field,  broken  up  by  numerous  faults,  contains  a  valuable  series  of  coal-seams. 
About  thirty-two  beds  have  been  determined,  and  their  numerous  workings  supply  the  populous  district  of  the  Potteries. 

Bristol  Coal-Field. — This  field  occupies  a  surface  of  about  50  square  miles  around  the  city  of  Bristol,  besides 
numerous  other  beds  to  the  W.  and  the  S.  detached  from  the  main  basin. 

The  coal  strata  here  have  undergone  intricate  upheavals  and  depressions,  forming  anticlinal,  synclinal,  and  vari- 
ously-waved arrangements  ;  they  are,  besides,  covered  by  thick  beds  of  new  red  sandstone  and  lias,  which  render  them 
still  more  difiicult  of  investigation.  Below  are  irregular  belts  of  old  red  sandstone,  mountain  limestone,  and  millstone- 
grit.    The  coal  strata,  according  to  De  la  Beche,  consist  of  the  following  series  : — 

Upper  shales  and  sandstoues,  1800  feet,  with  10  beds  of  coal,  18  feet  3  inches. 

Middle  sandstones  (Pennant  grit),  1725       do.       5       do.         10  feet. 

Lower  shales,         .       .       .  1565       do.     36       do.         72  feet. 

Farewell  rock,  &c.,        .       .  1200 

Forming  an  aggregate  of        6290  feet. 

The  thickness  assigned  to  the  coal  includes  partings,  and  in  the  lower  shales  an  admixture  of  under-clay.  Iron- 
stone is  not  common  in  this  district. 

Notwithstanding  the  thinness  of  the  individual  seams,  and  the  difficulties  and  expense  of  working  them,  a  large 
amount  of  coal  is  now  mined.  In  1854  there  were  forty -five  collieries  in  operation,  and  1,050,500  tons  of  coal  were 
raised.* 

THE  YOEKSHIEE  AND  GREAT  CENTEAL  COAL-FIELD. 

This  field  extends  from  N.  to  S.  a  distance  of  about  GO  miles,  stretching  from  the  middle  of  Yorkshire  to  Not- 
tingham, its  broadest  part  being  between  Halifax  and  Went  Bridge.  Here  the  strata  dip  regularly  and  at  a  moderate 
angle  to  the  S.E. 

This  coal-deposit  is  characterised  by  three  divisions,  thus — above,  magnesian  limestone,  unconformable  to  the 
Coal-measures  : — 

(  Shales  and  thin  seams  of  inferior  coal. 
Upper  Sebies  )  Ackworth  Sandstones. 

'  1  Two  seams  of  coal  worked  at  Wragby  and  Sharlston. 

(  Coarse  red  sandstone,  as  at  Wooly  Hooton,  &c. 

(  Furnace  coals,  Barnsley  thick  coal. 
Middle  Sebies  <  coal.  Rock  of  Herbury,  middle  coal. 

Ironstone  coals,  Silkstone  and  Flockstone  beds,  Low  Moor  coals. 
(  Flagstone,  a  fine-grained  micaceous  slaty  sandstone. 


Lower  Sebies,  ob  Ganisteb,  ' 


Shales  and  Oanister — a  hard  silicious  sandstone. 
Coal. 

Shales  and  Ganister. 

Coal. 

Shale. 

Millstone-grit. 


The  lower  series  is  included  between  the  millstone-grit  and  flagstone,  and  has  a  thickness  of  from  360  to  450 
feet.  Near  the  bottom  are  two  thin  seams  of  coal,  from  16  to  30  inches,  which  are  workable,  with  several  other  thinner 
layers  scattered  through  the  mass.  One  of  the  larger  seams,  which  can  be  traced  through  a  wide  range,  is  remarkable 
for  its  roof,  which,  instead  of  having  its  usual  covering  of  shale,  with  remains  of  fresh-water  plants,  is  filled  with  a 
number  of  marine  shells  belonging  to  the  genera  Peden,  Goniatites,  and  in  one  locality  Orthocera ;  also  nodular  con- 
cretions, enclosing  Posidonia  and  scaly  fishes.  The  Ganister  stone,  which  also  prevails  in  this  lower  series,  is  a  hard 
silicious  sandstone,  similar  to  the  Crow-stone  of  the  mountain  limestone  series  in  Swaledale.  This  stone  in  some 
instances  forms  the  floor  of  the  coal-seams,  a  circumstance  never  observed  in  the  upper  coal-series  of  the  district,  which 
invariably  rest  on  a  fine  clay,  full  of  Stigmaria  roots  ;  t  while  the  Goniatites,  Nautili,  Pectens,  and  Orthocera,  which  are 
found  in  the  cover  of  the  seams,  are  analogous  and  in  part  identical  with  fossils  of  the  mountain  limestone.  In 
these  respects  this  Ganister-  series  corresponds  to  the  upper  limestone  series  of  the  Penine  chain,  and  with  the 
millstone-grit  series  of  Derbyshire  ;  but  near  Halifax  it  is  also  found  to  contain  fresh- water  Unios,  similar  to 
those  found  in  the  upper  coal-series  of  Northumberland  and  Derbyshire.  Two  layers  of  these  shells  occur — one  of 
them  about  the  middle  of  the  series,  considerably  above  the  Peden  coal ;  the  other  near  the  bottom,  and  considerably 
below  that  coal.  It  would  thus  appear  that  during  the  formation  of  the  successive  beds  of  this  lower  series,  the 
locality  had  been  more  than  once  subjected  to  the  dominion  of  the  sea. 

The  Flagstone,  which  lies  intermediate  between  the  lower  and  middle  series,  forms  a  thick  deposit  of  fine-grained 
micaceous  sandstones,  which  readily  separate  into  slaty  layers,  and  which  are  extensively  used  over  the  whole  district  as 
a  building  and  roofing  stone.  In  many  localities  this  rock  exhibits  vegetable  remains.  Equisetaceous  impressions  are 
abundant  in  the  flagstones  of  Leeds,  accompanied  by  trihedral  fruits ;  but  Lepidodendra  and  Sigillaria  occur 
less  frequently. 

*  Hunt,  Mining  Records.  t  Phillips's  Geology. 


980 


BRITISH  COAL-FIELDS. 


The  middle  series  is  the  most  valuable,  and  contains  ten  workable  seams  of  coal  of  various  quality,  with  several 
layers  of  ironstone  bands,  one  of  which  is  full  of  fresh-water  bivalve  shells. 

The  upper  series  lies  on  the  coarse  reddish  sandstone  and  shales  of  Wooly  Edge.  These  differ  from  the  sandstones 
and  shales  of  the  lower  groups  in  containing  no  layers  of  marine  shells,  no  productive  beds  of  ironstone,  few  vegetable 
remains,  and  coal  of  inferior  quality,  being  earthy  and  less  bituminous.  Two  workable  coal-seams  occur  near  the  bottom, 
and  one  or  two  thinner  seams  are  near  the  top.  This  seems  to  exhaust  the  coal-deposit,  and  magnesiau  limestone 
succeeds  by  a  well-defined  and  distinct  line  of  separation. 

No  trap-dykes  intersect  the  Yorkshire  coal-district,  but  there  occur  many  faults,  some  passing  nearly  E.N.E. 
and  W.N.W.,  and  others  nearly  N.N.W.  and  S.S.E. 

In  1854:  there  were  7,260,500  tons  of  coal  raised  in  the  West  Riding  of  Yorkshire,  the  gi-eater  proportion  of  which 
was  consumed  in  the  extensive  manufacturing  towns  of  the  district,  and  in  the  iron  manufactories. 

TJie  Ashbi/ -de-la- Zouch  Coal-Field  is  separated  into  two  bands  by  an  anticlinal  flexure  of  mountain  limestone,  which, 
like  some  of  that  of  Derbyshire,  contains  a  large  admixture  of  magnesia.  One  coal-band,  made  up  of  several  others, 
has  a  thickness  of  from  17  to  21  feet.  The  coal  is  generally  of  a  hard  quality.    There  is  one  seam  of  cannel  coal. 

In  the  Derbyshire  Goal-Field,  about  twenty  beds,  having  an  aggregate  thickness  of  60  feet,  are  workable.*  The 
strata  are  much  disturbed  by  faults,  but  generally  lie  in  a  regular  manner.  About  30  feet  on  the  E.  side  are  attain- 
able, and  yield  largely.    The  varieties  yielded  are  anthracite,  bituminous,  and  cannel  coals. 

The  Nottingham  Coals  are  similar  to  those  of  Derbyshire.  The  general  characters  of  this  central  district  resemble 
those  of  the  great  Yorkshire  coal-field.  The  same  millstone-grit  and  shales  lie  beneath  both.  The  lower  part  of  the 
series  contains  the  most  bituminous  coals  ;  in  the  middle  is  the  best  ironstone,  the  shale  of  which  contains  fresh-water 
shells  ;  and  above  are  fast-burning  coals.  The  thickest  bed  in  the  district  is  the  same  as  the  Ten-feet  Seam  in  Yorkshire. 

Around  Halifax,  the  coal  which  belongs  to  the  lower  series  is  of  inferior  quality,  and  only  fit  for  iron-smelting. 
At  Newton  colliery,  near  Leeds,  seven  seams  are  wrought,  containing  about  18  feet  of  coal.  A  shaft  near  Wakefield 
has  a  depth  of  290  yards. 

Tlte  Lancashire  and  Yorkshire  Coal-Field. — This  important  deposit  adjoins  on  the  W.  the  central  coal-field,  and 
is  separated  from  the  Carboniferous  system  of  the  North  of  England  by  the  intervention  of  the  Penine  chain  of  moun- 
tains. The  field  is  of  an  irregular  form,  but,  including  the  millstone-grit,  it  extends  from  Macclesfield  on  the  S.  to 
Colme  on  the  N. — a  distance  of  5G  miles ;  and  from  Torbock,  near  Liverpool,  to  Todmorden  on  the  N.E.,  about  40 
miles.  Exclusive  of  the  millstone-grit,  it  occupies  an  area  of  about  250  square  miles.  This  area  includes  the  pro- 
ductive portion  of  the  field,  the  remainder  extending  over  the  millstone-grit,  and  containing  scattered  and  thin  beds 
of  coal.    The  district  inclades  Manchester,  Liverpool,  Bolton,  Oldham,  and  other  manufacturing  towns. 

In  a  section  from  Manchester  to  Ilollin's  Brook,  the  depth  of  strata,  including  the  millstone-grit,  is  6000  feet, 
in  which  are  imbedded  seventy-five  seams  of  coal,  each  not  less  than  1  foot  thick,  and  forming  an  aggregate 
thickness  of  150  feet.  In  another  section,  through  Worsley,  Bury,  and  Burnley,  to  the  limestone  shales  of  Peudle  Hill, 
there  are  thirty-six  seams  of  coal,  ten  of  them  not  exceeding  1  foot  in  thickness,  and  making  in  all  93  feet  of  coal.  In 
West  Lancashire  the  thickness  of  workable  coal  is  about  80  feet,  and  the  total  thickness  of  strata  upwards  of  6000 
feet.    Mr  Binney  divides  the  coal-field  into  throe  groups  : — 

1.  The  Upper  or  Manchester  series,  containing  a  bed  of  limestone,  with  fossil  fishes  and  marine  shells. 

2.  A  middle  series,  containing  the  thickest  seams,  and  the  cannel  coal  of  Wigan. 

3.  The  lower  seams,  of  no  great  thickness,  corresponding  to  the  Canister  series  of  Yorkshire,  with  marine  fossils, 
Goniatites,  Posidonia,  and  Pectens. 

The  bituminous  coals  are  distinguished  into  two  kinds— the  cubical,  where  the  cross  cleavage  runs  at  right  angles 
to  the  main  cleavage  ;  and  the  rhomboidal,  where  it  makes  an  acute  angle.  Cannel  coal  is  found  in  the  lower  part  of 
the  middle  series,  and  along  with  it  fossil  fishes  and  shells,  but  rarely  vegetable  remains.  The  Wigan  cannel  and  Orell 
coals  are  highly  hydrogenous.  Upwards  of  6,000,000  tons  of  coal  are  annually  raised  from  this  district.  Price  (IS-IO), 
Orell  I4s.  6d.,  River  lis.,  Cannel  20s.  per  ton. 

At  Patricoft  is  a  seam  of  coal  6  feet  thick,  at  the  depth  of  1350  feet.  At  Pendleton,  near  Manchester,  the  shaft 
is  sunk  to  1521  feet. 

Extensive  ftiults  divide  the  Lancaster  coal-field.  At  Pendleton  the  "  red-rock  fault"  causes  a  dislocation  of  strata 
to  the  extent  of  3000  feet.  Near  Wigan  a  series  of  faults  range  nearly  N.N.W.  and  S.S.E.,  causing  upthrows  and 
downthrows  of  from  500  to  1600  feet. 

Coal-Field  of  Durham  and  Newcastle. — This  field  extends  from  the  river  Tees  to  the  Coquet,  about  55  miles,  with 
a  breadth  of  about  15  miles,  and  includes  an  area  of  780  square  miles.  Part  of  the  E.  side  is  covered  by  the  mag- 
nesiau limestone  and  red  sandstone  of  the  Permian  series.  If  the  millstone-grit  and  shale  were  included,  the  above 
area  would  be  doubled.    About  three-fourths  of  the  coal-field  lie  in  the  county  of  Durham. 

Though  these  coal-fields  are  separated  at  the  surface  from  those  of  Yorkshire  and  Derbyshire  by  about  60  miles. 


*  Phillips's  Geology. 
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yet  the  strata  have  such  a  general  correspondence  in  both  as  to  lead  to  the  conclusion  tliat  they  are  of  one  formation, 
and  perhaps  connected  towards  their  borders,  and  in  the  deeper  parts  of  the  deposit.  Both  are  superimj^osed  upon 
a  bed  of  coai'se  pebbly  sandstone  or  grit,  with  the  mountain  limestone  below.  The  coal-seams  in  both  have  a  corre- 
sponding resemblance.  The  upper  seams  consist  of  coals  abounding  in  volatile  matter ;  the  lower  seams  contain 
bituminous  coals  of  excellent  quality.  Ironstone  is  most  plentiful  in  the  middle  and  lower  part ;  and  the  "  muscle- 
bamh,"  composed  of  marine  bivalves,  which  are  so  conspicuous  in  the  great  central  field,  are  also  found  to  some 
extent  in  the  N.  deposits.  Lastly,  unconformable  beds  of  magnesian  limestone  cover  portions  of  the  upper  strata  of 
both  basins. 

The  total  thickness  of  the  strata  is  upwards  of  1600  feet ;  the  aggregate  thickness  of  the  coal-beds  about  GO  feet ; 
but  the  workable  beds  do  not  exceed  30  feet  of  aggregate  thickness.  The  thickest  bed  does  not  exceed  6  feet. 
Dividing  the  strata  into  three  sections,  we  have — 

1.  Upper  Series,  consisting  of  eight  or  nine  thin  beds  of  coal  of  little  value,  interstratified  with  a  variety  of  sand- 
stones and  shales,  with  ironstones,  and  a  muscleband  forming  the  base.    Total  thickness,  90U  feet. 

2.  Middle  Group. — At  the  top  the  High  Main  Coal-Seam,  6  feet  thick  ;  then  various  strata  of  shales  and  thin  coal, 
with  three  seams  of  coal,  each  3  feet  in  thickness,  forming  423  feet,  followed  by  the  Low  Main  Seam,  6  feet  in 
thickness. 

3.  Loioer  Series,  consisting  of  sandstone  and  shale  of  the  thickness  of  700  feet,  with  two  beds  of  coal,  each  3 
feet  thick. 

Numerous  trap-dykes  traverse  this  coal-field — two  in  particular,  "  the  Ninety -Fathom  Dyke,"  which  runs  along 
the  valley  of  the  Tyne  to  the  sea-clifF  N.  of  Tynemouth  ;  and  the  "  Cockfield  Fell  Dyke,"  in  the  S.  part  of  the  county 
of  Durham,  which  crosses  the  district  from  W.N.AV.  to  S.S.E.  Many  of  these  dykes,  crossing  the  coal-seams,  have 
charred  the  coal  in  the  neighbourhood. 

A  system  of  natural  fissures,  called  "  Cleats,"  prevails  throughout  the  district  in  a  direction  from  N.N.W.  to  S.  S.E. 

Many  of  the  coal-shafts  about  Newcastle  are  from  1000  to  1200  feet  deep  ;  that  of  Monkwearmouth,  near 
Sunderland,  is  1674  feet  ;  the  S.  Helton  shaft  in  Durham  County  is  1488  feet. 

The  water  from  the  deep  shafts  of  the  Tyne  and  Wear  is  impregnated  with  chloride  of  soda,  lime,  and  magnesia. 

The  greater  portion  of  the  coals  of  this  district  are  of  the  bituminous  coking  kinds,  but  there  are  several  varieties. 
The  High  Main  and  WaUsend  coals  are  highly  esteemed  in  the  London  market.  The  best  coke  for  engines  is  made 
from  the  Auckland  districts  of  Durham,  and  Shotley  Bridge  district  of  Northumberland.  The  best  steam-coal  is  got 
from  the  N.  side  of  the  Tyne  and  the  Blythe  district. 

The  Newcastle  coals  obtained  un  early  celebrity,  and  were  extensively  exported.  In  1813  there  were  no  less  than 
four  millions  of  tons  raised  in  this  district ;  and  though  the  other  coal  districts  of  England  and  Wales  now  largely 
compete  with  it,  the  home  consumption  for  1843  was  4,711,000  tons,  and  the  export  from  the  various  ports  of  the 
district,  both  for  home  and  foreign  consumption,  amounted  in  the  same  year  to  6,123,000  tons.  It  is  interesting 
to  observe  the  rapid  increase  of  the  consumption  of  coal  within  the  period  of  140  years.  In  1710  the  total  exports 
from  this  district  only  amounted  to  820,000  tons.  In  1854  there  were  raised  from  the  districts  of  Northumberland 
and  Durham  15,420,615  tons  of  coal,  more  than  one  half  of  which  was  exported  by  sea,  or  carried  by  railway  to  other 
districts,  as  in  the  following  summary  : — 

Tons. 

Coal  and  coke  exported  to  foreign  couutries,  ......  .  2,766,098 

Coals  and  coke  sent  coastwise  (to  London  3,252,000  tons),  .....  5,830,439 

Coals  and  coke  sent  to  and  exported  frona  Maryport  and  Port  Carlisle,    ....  92,014 

Coals  sent  inland  by  various  railways,        ........  3,032,064 

Coals  used  in  ironworks  within  the  districts,  .......  1,200,000 

Coals  consumed  at  collieries,  .........  1,100,000 

Coals  fur  local  consumption  and  manufactures,       .......  1,400,000 

15,420,615* 

Cumberland  Goal-Field. — This  field  forms  a  narrow  crescent,  extending  from  Whitehaven  to  near  Hesket,  New- 
market, and  below  the  Irish  Sea.  The  curve  is  about  40  miles  in  length,  with  a  mean  breadth  of  3  miles,  forming  an 
area  of  120  square  miles.  Seven  productive  beds  are  worked  at  Howgill,  to  the  W.  of  Whitehaven,  at  a  depth  of 
600  and  900  feet,  and  the  workings  are  carried  3000  feet  under  the  sea.  At  Preston  How,  the  coal-shaft,  after  passing 
several  thin  beds,  comes  to  a  bed  5  feet  thick,  and  a  little  lower  to  a  bed  with  8  feet  of  coal.  This  coal  burns  at  first 
with  a  clear  flame,  and  ultimately  forms  a  cake.  Professor  Sedgwick  divides  this  coal-field  into  two  divisons,  the 
upper  containing  the  Great  Main  and  Bannock  hands,  the  lower  containing  five  beds  of  inferior  quality.  A  fault  on  the 
W.  of  the  field  produces  a  downcast  to  the  S.W.  of  1000  feet.  To  the  W.  of  this  the  coal-seams  dip  into  the  sea; 
to  the  S.  the  dip  is  reversed.  * 

At  Sobergham,  near  Hesket,  a  seam  of  coal  nearly  3  feet  thick  is  worked,  which  partakes  of  the  characters  of 

*  Miniiuj  Records,  1855. 


982 


BEITISH  COAL-FIELDS. 


au  anthracite  and  cannel  coal— a  semi-anthracite.  To  the  W.  of  Appleby,  in  Westmoreland,  there  are  three  detached 
coal-basins,  forming  together  about  26  square  miles. 

In  1854  there  were  raised  in  this  district  887,000  tons  of  coal,  of  which  580,000  tons  were  shipped  from  the 
neighboui'ing  seaports,  and  36,000  tons  used  at  the  iron-founderies. 

Great  deposits  of  hsematitic  iron-ore  are  found  in  the  limestones  in  the  vicinity  of  WTiitehaven,  and  between 
Ulverstone  and  Furness. 


SCOTCH  COAL-FIELDS. 


The  Carboniferous  system  of  Scotland  occupies  a  trough  formed  by  the  great  Grampian  range  of  mountains  on 
the  N.,  and  the  Lammermoors  on  the  S.,  through  which  flows  on  the  E.  the  river  Forth,  and  on  the  W.  the  Clyde,  with 
their  expanding  estuaries.  Along  the  N.  and  S.  edges  of  tliis  great  trough  appears  the  Old  Red  Sandstone  formation, 
on  which  the  Coal-measures  rest. 

A  series  of  trap-rocks  intersect  this  hollow  trough  with  an  evident  range  from  W.  to  E.,  but  appearing  on  the 
surface  irregularly,  and  causing  considerable  elevations  and  undulations  of  the  country  j  and  these  igneous  rocks  have 
also  broken  up  the  original  continuity  of  the  coal-field,  and  separated  it  into  numerous  belts. 

The  general  outlines  of  the  great  Scottish  coal-basin  are  easily  defined.  On  the  S,,  a  line  drawn  from  near  the 
town  of  Haddington,  in  East  Lothian,  extending  along  the  base  of  the  Lammermoors,  passing  through  the  upper  part 
of  Lanarkshire,  and  terminating  at  Turnberry  Castle  in  Ayrshire,  will  bound  this  formation  ;  and  a  line  from  St 
Andrews  in  the  E.  coast  of  Fife,  extending  along  the  S.  banks  of  the  River  Eden,  and  the  S.  edge  of  the  Ochil  Hills, 
passing  through  Stirlingshire,  Dumbartonshire,  and  the  N.  part  of  Renfrewshire,  will  limit  its  Northern  extent.  It 
thus  embraces  an  area  of  about  90  miles  in  length,  with  a  mean  breadth  of  30  miles,  the  workable  coal-surface  being 
estimated  at  about  1500  square  miles.  It  will  thus  be  apparent  that  at  the  era  of  the  coal-deposit  there  existed  a 
hollow  trough  between  the  Primary  range  of  the  Grampians  on  the  N.,  and  the  lower  Silurian  mountains  on  the  S., 
the  base  of  which  trough  was  formed  of  old  red  sandstone  ;  and  that,  subsequent  to  the  coal-deposit,  the  valley  was 
elevated,  by  the  agency  intruding  the  trap-rocks,  to  the  position  which  it  now  holds. 

The  Coal-measures  of  this  district  consist  generally  of  the  following  alternations  of  strata,  beginning  with  the 
uppermost : — 


1.  Sandstone  and  Shales. 

2.  Coal  and  Ironstone. 


3.  Limestones,  various  beds. 

4.  Old  Red  Sandstone. 


The  millstone-gi'it  of  the  English  coal-fields  is  here  wanting,  the  lower  limestones  and  shales  resting  on  the  old 
red  sandstone.  There  are  from  five  to  six  district  bands  of  limestone,  varying  in  thickness  from  3  to  30  and  40  feet. 
These  bands  are  found  in  the  lower  half  of  the  series,  and  the  thickest  beds  are  in  the  lowest  part  of  this  half  The 
limestone  beds  generally  contain  marine  shells  exclusively,  but  there  are  others  intei-spersed  which  contain  r«/o«  and  land- 
plants,  with  an  absence  of  marine  fossils,  and  these  are  generally  considered  to  be  of  fresh-water  origin.  The  E.  part  of 
this  coal  district  in  the  Lothians  has  an  aggregate  thickness  of  6000  feet  in  the  centre,  but  it  thins  out  towards  the  edges. 
In  Lanarkshire  the  thickness  is  great,  but  the  thickness  of  individual  strata,  especially  of  the  sandstones,  as  well  as  the 
aggregate  thickness  of  the  whole  deposits,  varies  much  in  diiferent  localities.  All  the  coal-basins  of  the  district  are 
more  or  less  intersected  by  ti-ap-dykes  and  faults,  and  where  the  trap-rocks  have  come  into  contact  with  the  coal- 
seams,  shales,  and  sandstones,  the  action  of  heat  is  evident  from  the  altered  structure  of  these  latter. 

The  general  character  of  the  sandstone  is  that  of  a  fine-grained  mass,  interspersed  with  mica  of  a  white,  yellowish, 
or  reddish  colour  ;  in  some  places,  as  near  Glasgow,  it  is  of  a  reddish-blue  tint,  and  coarse-grained  ;  in  others,  as  at 
Killaloe  in  Fifeshire,  it  is  nearly  pure  white.  Beds  of  conglomerate  alternate  with  the  more  compact  sandstone.  The 
usual  coal-fossils,  Stigmm'ice,  Lepidodendra,  Ulodendrons,  Sigillarice,  Uquisetacecp,  and  fei-ns,  abound  in  the  strata,  and 
large  fossil  Coniferce  are  frequently  found  from  20  to  40  feet  in  length,  imbedded  in  and  intersecting  the  shales  and 
sandstones. 

From  position  and  other  circumstances,  it  has  been  conjectured  that  the  Scottish  coal-fields  are  deposits  of  earlier 
date  than  those  of  England.  The  coal  is  generally  of  the  kinds  called  splint,  cubical,  bituminous,  and  cannel  coal, 
of  varying  degrees  of  richness.  The  bituminous  coals,  with  a  few  exceptions,  are  not  of  the  caking  kind,  but  burn  with 
a  steady  heat  and  flame,  generally  leaving  a  considerable  quantity  of  white  and  reddish  ash.  Some  of  the  cannels,  as 
the  Torbanehill,  Methil,  and  Lesmahago,  are  highly  hydrogenous. 

In  the  coal-mines  of  Scotland  the  spontaneous  evolution  of  hydrogen  gas  or  fire-damp  is  little  known.  The 
Lothian  coal-field  is  entirely  free  from  this,  though  it  occurs  occasionally  in  Ayrshire,  and  still  more  rarely  in  Fife. 
Carbonic  acid  gas,  or  "choke  damp,"  is  not  uncommon,  and,  accumulating  in  the  lower  parts  of  the  mines,  sometimes 
proves  fatal. 

The  coal-formation  first  appears  in  the  S.  of  Scotland,  in  irregular  patches  along  the  N.  slopes  of  the  Cheviot 
Mountains,  which  separate  this  country  from  the  N".  of  England. 
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The  carboniferous  strata  of  Berwickshire  occupy  a  triangular  space  on  the  N.  and  S.  banks  of  the  Tweed, 
extending  from  the  town  of  Berwick  to  Kelso. 

To  the  N.  are  Silurian  strata  in  highly-inclined  positions  ;  on  these  rests  the  Old  Red  Sandstone.  Immediately 
succeeding  this  latter  are  about  eight  bands  of  mountain  limestone,  with  intermediate  beds  of  sandstone.  The  lower- 
most limestone-bed  is  of  considerable  thickness,  and  forms  the  bold  shores  to  the  N.  of  Berwick.  To  this  succeed  beds 
of  white  sandstone  resembling  that  of  the  Lothians,  interstratified  with  shale,  with  numerous  vegetable  impressions, 
and  in  some  places  thin  seams  of  coal.  The  coal,  however,  has  not  been  found  in  sufficient  quantity  to  form  profitable 
workings. 

The  same  carboniferous  strata  appear  to  the  W.  of  Roxburghshire,  and  extend  along  the  valley  of  tlie  river 
Liddel. 

At  Canonbie  and  Langholm,  coal  is  wrought  to  some  extent,  but  none  of  the  beds  exceed  3  feet  in  thickness. 

The  Mid-Lothian  Coal-Field. — This  coal-field  occupies  the  valley  of  the  Esk  River,  or  E.  part  of  Mid-Lothian, 
extending  E.  into  Haddingtonshire,  and  terminating  in  the  S.  along  the  base  of  the  Lammermoor  Hills.  It  forms  an 
area  of  about  17  miles  square,  and  contains  about  225  square  miles. 

An  anticlinal  ridge  to  the  S.  of  Dalkeith  separates  the  basin  into  two,  the  one  occupying  the  valley  of  the  Esk 
River,  the  other  that  of  the  small  river  Tyne.  The  series  consists  of  alternating  beds  of  sandstone,  shale,  coal,  iron- 
stone, limestone,  and  clay,  forming  an  aggregate  thickness  in  the  middle  part  of  6078  feet. 

There  are  from  six  to  seven  beds  of  limestone,  the  thickness  of  the  beds  varying  from  a  few  feet  to  40  feet,  the  aggre- 
gate thickness  being  300  feet.  These  beds  first  appear  in  the  lower  half  of  the  series,  and  increase  in  thickness  as  they 
descend.  The  Burdiehouse  limestone,  in  its  absence  of  all  marine  fossils,  and  in  the  abundance  of  vegetable  remains 
and  minute  Cyperacete,  and  several  species  of  sauroid  and  other  fishes,  indicates  a  fluviatile  and  perhaps  estuary  deposit. 

The  aggregate  thickness  of  coal  amounts  to  180  feet.  There  are  between  fifty  and  sixty  seams  exceeding  a  foot  in 
thickness,  but  none  more  than  13  feet  thick  ;  the  average  thickness  is  about  3  J-  feet.  The  most  remarkable  seam  is 
the  "  Gi'eat  Seam,"  13  feet  in  thickness,  accompanied  by  a  mass  of  coarse-grained  reddish  sandstone  above,  and  a  fine- 
grained white  slaty  sandstone  below.  From  250  to  300  fathoms  below  this  seam  is  the  "  North  Greens  Seam,"  which 
yields  a  cannel  coal.  The  coal-seams  almost  invariably  rest  on  bands  of  ironstone  and  iron  nodules,  containing  a 
nucleus  of  organic  matter. 

The  district  is  traversed  by  numerous  faults,  one  slip  affecting  the  level  of  the  beds  from  400  to  500  feet.  Of  109 
slips,  94  range  between  the  N,  and  W.,  and  7  run  due  W.  The  total  effect  of  78  slips  is  35  downthrows  to  the  S.  385 
fathoms,  and  43  downthrows  to  the  N.  734  fathoms.*  The  seams  are  also  divided  by  greenstone  dykes  of  considerable 
breadth,  in  the  vicinity  of  which  the  coal  has  been  carbonised,  and  the  shales  and  sandstone  indurated. 

The  coal-seams,  on  an  average,  thicken  towards  the  N.,  while  the  limestone  bands,  on  the  contrary,  thicken  towards 
the  S.    Splint,  cherry,  and  cannel  coals  are  raised. 

The  total  amount  of  available  coals  in  this  coal-field  has  been  estimated  at  2250  millions  of  tons.f 

Lanarkshire  Coal-Field. — This  extensive  coal-district  is  a  continuation  of  the  great  Scottish  coal-field  to  the  W., 
and  along  the  N.  slopes  of  the  Pentland  Hills,  and  the  more  elevated  porphyritic  mountain-ranges  of  the  Lanarkshire 
mountains.  The  workable  coal-district  extends  from  Bathgate  to  Carluke,  and  hence  to  Glasgow  and  Airdrie,  occuj^y- 
ing  the  whole  central  basin  of  the  Clyde. 

The  old  red  sandstone  forms  the  base  of  this  carboniferous  deposit,  and  crops  out  on  the  S.  near  Lanark,  forming 
cliffs  400  feet  in  height,  over  part  of  which  the  river  Clyde  pours  its  waters,  forming  the  celebrated  water-falls  of  this 
district. 

Above  the  old  red  sandstone,  and  intermediate  between  it  and  the  Carboniferous  Limestones,  are  a  series  of  beds  of 
light-grey  sandstone,  chert,  and  shales.  The  true  coal  -basin  consists  of  alternating  beds  of  limestone,  shale,  ironstone, 
sandstone,  and  coal.  Mr  Craig  :|:  divides  this  basin  into  a  lower  and  upper  series.  The  lower  series  contains  three  beds 
of  limestone,  from  3  to  12  feet  in  thickness,  several  bands  of  valuable  ironstone,  and  fifteen  beds  of  coal.  These  beds  crop 
out  in  the  S.  district  of  the  coal-field,  immediately  following  the  old  red  sandstone,  and  they  again  appear  to  tlie  N.  of 
Glasgow,  while  the  upper  beds  occupy  the  centre  of  the  coal-field.  These  upper  beds  contain  only  a  few  thin  bands  of 
limestone,  and  are  composed  chiefly  of  sandstone,  with  shale,  ironstone,  and  thirty-four  seams  of  coal.  About  twenty- 
five  of  the  coal-seams  are  under  15  inches  in  thickness,  and  some  seams,  with  an  average  thickness  of  from  3  to  5  feet, 
are  workable.  The  aggregate  thickness  of  coal  is  about  37  feet. 

The  workable  seams  are  : — 

1 .  The  U pper  Coal,  only  2  feet  thick,  and  workable  at  Coatbridge. 

2.  The  Ell  Coal,  3  or  4  feet  thick,  forming  the  Upper  Coal  of  the  Glasgow  field,  wrought  at  Chapelhall  and  Airdrie, 
at  Quenter  near  Hamilton,  Dalserf,  Motherwell,  and  Coltness,  at  which  latter  place  it  thickens  to  fi-om  6  to  14  feet. 

3.  Tlie  Pyot  Shaw  Seam,  Monkland,  from  3  to  5  feet  thick. 

*  Phillips's  Manual  of  Geolofft/. 

t  Milne's  "Account  of  Mid-Lothian  Coal-Fields,"  Edlnhurr/h  Royal  Society  Transactions,  vol.  xiv. 
J  In  Prize  Essays  of  Agricultural  Society, 
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4.  The  Main  Coal,  sometimes  connected  with  the  Pyot  Shaw,  and  forming  a  thickness  of  9  feet. 

5.  The  Hump  Coal,  in  the  vicinity  of  Glasgow,  with  a  thickness  of  2\  feet,  but  seldom  wrought. 

6.  The  Splint  Coal,  from  2  to  4  feet  thick,  near  Glasgow,  affords  the  best  quality  of  household  coal. 

7.  Shotis  Coal,  from  2^  to  4  feet  in  thickness. 

8.  Killorgan  Coal,  from  2  to  4  feet  thick — very  bituminous. 

9.  Drumgray  Coal,  \^  feet  thick. 

The  coals  are  chiefly  of  the  splint,  cherry,  and  cannel  varieties.  The  Boghead  and  Torbane  cannels  are  the  most 
celebrated  of  the  hydrogenous  coals.  The  latter  is  situated  near  Bathgate,  and  occurs  in  a  bed  of  from  2  feet  to  4  feet 
in  thickness,  having  4  feet  of  shale  above,  aud  a  bed  of  common  coal  below,  separated  from  the  other  coal  by  a  thin  bed 
of  ironstone. 

The  fossil  remains  of  the  lower  beds  are  all  of  marine  origin,  while  in  the  upper  are  found  fresh-water  shells  of  the 
genus  Unio  in  abundance.  The  thickness  of  this  group  is  calculated  at  1320  feet.  It  abounds  in  the  usual  fossil  plants 
of  the  coal  series,  and  in  the  dorsal  rays,  scales,  and  teeth  of  Ganoid  fishes. 

There  are,  in  particular,  four  valuable  deposits  of  ironstone,  called  "  Blackband,"  in  this  coal-field,  which  are  very 
extensively  wrought  in  the  district. 

1.  The  Upper  Blackband,  Palace  Craig,  Old  Monkland. 

2.  Mushet's  Blackband,  16  fathoms  below  the  splint  coal,  is  from  14  to  18  inches  thick,  and  occupies  an  area  of 
9  or  10  square  miles  in  the  neighbourhood  of  Airdrie. 

3.  Crofthead  Band  lies  below  the  last  workable  coal-seams,  and  is  about  18  inches  thick.  It  is  found  also  at  Lang- 
side  and  Shotts.  t 

4.  Shotts  Ironstone.  This  overlies  the  Shotts  Laigh  Coal,  and  consists  of  a  thin  band,  with  rich  nodules,  having  a 
nucleus  of  bivalve  shells. 

The  limestones  associated  with  the  upper  coal-field  are  seen  at  Levenseat,  where  there  is  an  arenaceo-calcareous 
deposit  of  8  feet  in  thickness.  At  Gare  is  a  baud  3  feet  thick,  with  clay  above  and  below.  At  Xew  Monkland  is  a  bed 
5  feet  thick.  The  same  limestone-bands  crop  out  in  the  vicinity  of  Glasgow  and  Port-Dundas.  In  the  lower  basin  there 
are  three  beds  of  marine  limestone — the  lowest,  which  is  the  best,  is  wrought  at  TVilsontown  and  Cai-luke  in  the  S. 
border  of  the  coal-field. 

In  this  lower  basin  are  altogether  fifteen  beds  of  coal.  The  main  seam  is  fi-om  160  to  200  feet  below'the  lowest 
of  the  limestones  of  the  upper  basin.  This  seam  corresponds  in  position  with  that  found  at  Netherwoodson  and 
Temple,  to  the  N.W.  of  Glasgow,  at  Calderside,  and  at  Auchinheath  and  Nethanfoot.  This  latter  yields  a  cannel 
or  gas  coal. 

The  shales  of  this  lower  basin  are  rich  in  ironstone.  Some  of  the  bands  have  a  thickness  of  4  feet.  The  bands 
amount  to  fifteen  ;  that  above  the  third  limestone  is  the  richest.  There  is  also  a  rich  ferruginous  deposit  in  connection 
with  the  cannel  coal,  consisting  of  several  bands.  The  nodules  and  bands  above  the  main  seam  are  also  of  superior 
quality. 

The  whole  coal-basin  is  traversed  by  numerous  faults  and  trap  veins.  When  the  latter  come  in  contact  with  the 
coal,  it  is  charred  and  altered,  as  at  Airdrie,  Barn,  and  other  localities. 

A  range  of  trap  rises  to  the  surface  on  the  N.E.  of  the  basin  of  Shotts,  and  three  trap-dykes  traverse  the  district. 
One  is  seen  crossing  the  country  between  Snobe  limeworks  and  High  Drumclog ;  two  others  on  the  N.  ruft  nearly 
parallel  in  a  direction  from  E.  to  W.  These  vary  in  width  fi-om  30  to  40  yards,  rarely  rising  above  the  surface, 
except  at  Cameron,  where  they  form  elevated  ridges  of  40  feet  in  height. 

Renfrewshire  Coal-Field. — From  Port-Glasgow  to  Ardrossan,  along  the  borders  of  the  river  Clyde,  old  red  sand- 
stone strata  prevail,  having  a  general  dip  to  the  N.,  and  occasionally  to  the  S.  and  S.E.  Its  highest  elevation  inland  does 
not  exceed  600  feet.  This  formation  is  succeeded  by  Coal-measures,  which  are  again  overlaid  and  interrupted  by  a 
mass  of  trap,  which  stretches  along  the  whole  N.  part  of  the  country,  and  extends  S.  into  Ayi'shire  and  Lanarkshire. 
On  the  N.E.  edge  of  this  trap-rock,  coal  is  found  in  the  valleys  of  the  Black  Cart  Water  and  the  Garnock.  Coal  and 
ironstone  are  wrought  at  Maxwellton,  near  Paisley  ;  at  Hurlet,  coal  has  been  wrought  for  300  years.  The  seam  is  5 
feet  thick,  but  the  coal  is  much  mixed  with  iron  pyrites  and  alum  shale.  At  Quari'elton  are  five  seams  of  coal,  separated 
by  tiiiu  seams  of  ironstone,  the  whole  having  a  thickness  of  50  or  60  feet.  At  one  place  a  vertical  fault  seems  to 
have  displaced  the  strata,  and  then  a  horizontal  movement  has  caused  the  two  seams  to  overlap  each  other,  forming 
an  aggregate  thickness  of  nearly  100  feet  of  coal.  At  another  place  the  overlapping  strata  were  separated  by  a  thick 
bed  of  sandstone.  Limestone  crops  out  at  several  localities  along  the  edges  of  the  trap-hills,  and  a  fine-grained  com- 
pact sandstone  is  abundant.* 

Ayrshire  Coal-Field. — The  Ayrshire  deposits  form  the  S.W^.  portion  of  the  Scotch  coal-field,  and  are  separated 
from  the  Clyde  basin  by  the  trap-hills  already  mentioned.  In  the  vicinity  of  Ayr,  three  thin  seams  have  been 
wrought,  but  are  now  nearly  exhausted.  Towards  the  interior  of  the  district  the  seams  thicken,  and  there  is  an  aggre- 
gate of  23  feet  of  workable  coal.    At  Kilmarnock  there  is  a  bed  of  anthracite  4  feet  thick,  resting  upon  sandstone. 

*  MoNTGOMERy,  Transactions  Hiyhland  Society, \6\.\i. 
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Coal  is  partially  found  at  Sanquhar,  in  the  Nith.  At  New  Cumnock,  seams  are  wrought  near  the  surface  ;  and  at 
an  elevation  of  1000  feet  above  the  sea-level  ai'e  three  beds  of  9,  11,  and  12  feet  in  thickness.  Imbedded  in  the 
Twelve-feet  Seam  is  a  cannel  coal,  which  supplies  the  Dumfries  gaswoi-ks. 

All  these  Ayrshire  beds  are  much  disturbed  by  trap-dykes,  and  the  coal  in  their  vicinity  is  charred. 

Fifeshire  Coal-Field. — The  N.  half  of  the  Scotch  coal-district  lies  chiefly  on  the  N.  side  of  the  Firth  of  Forth  and 
its  valleys  to  the  W.,  occupying  considei'able  portions  of  Fifeshire,  Clackmannan,  and  Stirling,  and  extending  to  the 
Clyde  basin  in  Dumbartonshire. 

The  Fifeshire  beds  commence  in  the  S.  valley  of  the  river  Eden,  and  extend  across  the  country,  with  considerable 
intervention  of  greenstone  rock,  to  the  shores  of  the  Firth  of  Forth.  The  mountain  limestone,  forming  the  lowest  bed 
of  the  series,  and  resting  on  the  old  red  sandstone,  crops  out  along  the  N.  edge  of  the  coal-fields  at  the  valleys  of  Ceres 
and  Cults,  and  makes  its  appearance  in  the  S.E.  corner  of  the  county  at  Pittenweem.  Very  interesting  sections  of  the 
carboniferous  sandstone  are  seen  along  this  E.  sea-coast,  exhibiting  a  succession  of  waved  and  anticlinal  upheavals.  The 
lower  band  of  limestone  is  of  marine  origin  ;  an  upper  band  of  a  less  pure  quality  exhibits  no  fossiliferous  organisms, 
with  the  exception  of  minute  shells,  probably  of  the  Cypres  and  Entomosfraceoe*  ]3y  frequent  intrusions  the  trap- 
rocks  have  been  thrown  iip  to  the  surface.  The  coal-seams  are  wrought  at  many  points  in  the  county.  In  the  N. 
division,  coal  is  wrought  at  Ceres,  where  are  seventeen  beds,  having  an  aggregate  thickness  of  70  feet  at  Kettle,  Skelpie,  and 
Lathocker  ;  and  in  the  E.  and  S.,  at  Pittenweetn,  Elie,  Wemyss,  Dysart,  and  Kirkcaldy.  Near  Kirkcaldy  are  nine  seams, 
with  an  aggregate  thickness  of  25  feet.  From  Dysart  to  Wemyss  occur  twenty  beds,  with  a  thickness  of  94  feet.  The 
Dysart  Main  Coal,  divided  by  thin  seams  of  shale  into  six  beds,  has  an  aggregate  thickness  of  21  feet.  Another  seam  at 
Wemyss  is  9  feet  in  thickness.  The  coal  here  dips  under  the  Firth  of  Forth,  and  is  wrought  at  a  depth  of  900  feet 
below  its  surface.    The  aggregate  thickness  of  the  coal  strata  here  is  1700  feet. 

The  faults  run  generally  E.  and  W.,  and  raiso-  the  strata  to  the  N.  130,  200,  or  GOO  feet.  The  coals  are  mostly 
splint  and  cherry.    At  Methil  is  found  a  rich  cannel  coal. 

Dunfermline  Coal-Field. — This  coal  began  to  be  wrought  as  early  as  a.d.  1291,  probably  the  first  in  Scotland  ;  and 
nearly  contemporary  with  this  are  two  other  notices  of  coal  in  England — -one  a.d.  12.34,  the  other  1 284.  This  field  extends 
for  nearly  3  miles  in  length,  and  contains  from  four  to  seven  woi'kable  seams,having  a  thickness  of  from  17  to  26  feet.  In  the 
Elgin  hills  there  are  twenty -seven  seams  of  coal,  with  an  aggregate  thickness  of  56  feet.  Ironstone  is  found  in  this  field,  and 
limestone  is  wrought,  especially  at  Charleston,  on  the  coast,  to  a  great  extent.  The  coals  are  bituminous,  and  of  the 
caking  kind,  somewhat  similar  to  Newcastle  coals.   The  quality  is  generally  superior. 

Clachnannan  Coal-Field. — This  field  is  bounded  on  the  N.  by  the  Ochil  Hills,  in  an  extensive  trap-chain,  which  in  this 
vicinity  have  yielded,  in  former  times,  silver  and  copper  ores,  with  irons,  cobalt,  and  lead  ores.  The  coal-field  at  Wood- 
hill  rests  on  old  red  sandstone,  and  extends  to  the  coast,  a  distance  of  6  miles.  It  is  divided  by  steps  into  three  portions. 
The  general  dip  is  to  the  N.  ;  to  the  S.  it  assumes  a  saddle  shape.  In  a  depth  of  200  feet  are  twenty-four  beds  of  coal,  with 
an  aggregate  thickness  of  59  feet.t  The  carboniferous  strata  extend  to  Stirling,  where  they  crop  out  to  the  N.,  and  then 
strike  W.  by  Dumbarton,  and  join  the  Renfrewshire  coal-fields  on  the  W.  borders  of  the  Clyde  basin. 

N.  of  this  great  coal  district  thei'e  are  no  traces  of  the  true  carbopiferous  formations  throughout  Scotland,  though 
two  imperfect  beds  of  coal  occur  in  the  Oolite  of  Brora,  Sutherlandshire.  The  upper  seam  is  3  feet  8  inches  in  thick- 
ness, the  lower  1  foot  4  inches.  These  were  at  one  time  partially  wrought,  but  the  quantity  of  iron  j^yrites  which 
the  coal  contained  rendered  it  useless. 

This  formation,  in  its  mineral  beds  and  organic  remains,  bears  a  close  resemblance  to  the  Yorkshire  Oolite. 

Another  exception  occurs  in  the  Isle  of  Mull,  where  a  thin  seam  of  coal  appears  on  the  shores  of  Loch  Scridden. 
It  is  conjectured  by  the  Duke  of  Argyle  to  be  a  prolongation  of  the  Tertiary  leaf-beds  of  Ardtun.  % 


IRISH  COAL-FIELDS. 

The  carboniferous  system  occupies  two-thirds  of  the  whole  area  of  Ireland. §  Succeeding  the  Silurian  and  Devonian 
formations  which  skirt  the  outer  margins  of  the  island,  the  centre  is  almost  wholly  composed  of  the  mountain  limestone 
and  lower  series  of  the  Coal-measures. 

This  formation  on  the  W.  extends  to  the  coast,  composing  Donegal,  Sligo,  and  Killalo  bays.  It  then  skirts  the 
E.  base  of  the  Connemara  Mountains,  and  appears  again  in  Galway,  and  partially  in  Dingle  Bay.  It  overlies  the  old 
red  sandstone  in  the  S.  of  Cork  County,  appears  at  Dungarvan  in  Waterford  County.  It  is  interrupted  by  the  Wicklow 
range  of  mountains,  but  reappears  on  the  coast  of  Dublin  and  Drogheda.  N.  of  the  trap  mountains  of  Antrim  it  is 
again  found  on  the  coast. 

There  appears  to  exist  an  intimate  relation  between  the  carboniferous  beds  of  Ireland  and  the  corresponding  forma- 
tions of  England  and  Wales.  The  sections  in  Cork  County  exhibit  an  identity  with  those  of  the  W.  extremity  of  South 
Wales,  and  the  beds  of  the  North  of  Ireland  resemble  the  coeval  beds  of  the  North  of  Enaland. 

o 

*  Lasd^JjE,  Essays  of  Ilif/hfand  Society  of  Agriculture,  yo\.y.  t  Bald,  ]Vernerian  Transactions,  yo\.  iii. 

t  Duke  of  Argyle  "  On  the  Tertiary  Leaf-beds  in  the  Isle  of  Mull ;  "  Quar.  Jour.  Geol.  Soc.  Lond.,  vol.  vii.  §  Griffith. 
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BRITISH  COAL-FIELDS. 


The  Carboniferous  system  of  Ireland  forms  an  area  of  150  miles  square,  and,  according  to  Griffith,  presents  the 
following  general  section  in  descending  order  : — 

E. — Tlte  Coal  Series,  but  slightly  represented. 

D. — Millstone  Grit. — Occupies  a  large  space  around  the  source  of  the  Shannon,  forming  the 
elevated  crags  of  Kulkeagh  ;  it  contains  coal,  ironstone,  and  furnace-grits.  Thickness, 
600  feet. 

C. — Great  Shale  Scries  of  Kulkeagh,  containing  Goniatites,  Posidoniw,  Ortkoceratites,  Bellerophons, 
&c.    Thickness,  600  feet. 

{Upper  Limestone,  cavernous,  with  coral  bands. 
The  Calp  Series. — Grey  and  dark  limestone,  with  shale  and  sandstone  ;  in  some  districts  only. 
Lower  Limestone. 

^  (  Carboniferous  Shale,  locally  rich  in  Spirifer,  Strophomena,  Fossil  fishes,  &c. 
■  (  Yellow  sandstone,  with  shale,  and  occasionally  limestone. 

Each  of  these  lower  and  upper  groups,  A,  B,  and  C,  D,  E,  has  an  aggregate  thickness  of  3000  feet.  The  upper 
series  {E,  Z),)  are  most  conspicuous  in  the  N.  about  Lough  Erne  and  the  sources  of  the  Shannon,  about  Kilkenny  and 
Castle-Conner,  and  in  the  elevated  country  on  each  side  of  the  estuary  of  the  Shannon.  The  true  mountain-limestone 
{B)  exists  to  an  immense  extent  in  the  central  districts,  while  the  lower  series  {A)  appears  in  the  S.  ti'acts  about  Cork 
and  Kinsale.  At  Knock,  Upper  Kilkenny,  the  limestone  rests  in  dark  shale  and  yellow  and  brown  sandstone,  150  feet 
thick  :  below  these  are  red  slates,  and  red  and  green  argillaceous  sandstone,  with  impressions  of  Sphenopteris. 

Near  Carrick-on-Suii*,  Tipperary  County,  the  limestone  rests  in  a  thin-bedded  yellow  sandstone,  and  green  and 
yellow  shales,  1 50  feet  thick,  followed  by  alternations  of  yellow  sandstone  and  hard  red  shale,  350  feet  thick.  Below 
this  succeeds  old  red  sandstone  to  a  depth  of  1800  feet.  Farther  to  the  W.,  in  the  same  county,  the  red  shale  has  a 
thickness  of  900  feet,  and  the  whole  series,  including  the  old  red  sandstone,  an  aggxegate  thickness  of  -4500  feet.  To 
the  S.  of  Cork  the  dark-grey  and  green  shales  alone,  with  red  and  green  slates  and  purple  sandstones,  form  an  aggregate 
thickness  of  4250  feet.  Mr  Jukes  refers  them  to  the  Devonian  system,  and  in  their  characters  they  bear  a  close 
resemblance  to  the  corresponding  strata  in  the  W.  of  Pembrokeshire,  Wales. 

The  upper  Carboniferous  series,  or  true  Coal-measures,  are  but  sparingly  developed  in  Ireland  ;  and  there  appeai-s  to 
be  but  little  chance  of  any  such  rich  beds  being  discovered  as  those  of  England.  In  so  far  as  they  prevail,  however,  they 
appear  similar  to  the  English  coal-formation.  Thus  anthracites,  similar  to  those  of  South  Wales,  are  found  in  Leinster 
and  Munster,  and  bituminous  coals  in  Connauglit  and  Ulster. 

Balli/castle  Coal-Field.— This  field  is  situated  in  the  N.  extremity  of  Antrim  County,  and  is  sm-rounded  and 
Ijenetrated  by  trap-rocks — a  columnar  basalt  overlying  the  coal,  and  also  the  chalk,  at  Fair  Head  Point.  One  seam  is 
about  3  feet  in  thickness,  and  the  quality  of  the  coal  is  a  bituminous  splint,  but  very  slaty.  Near  Gab  Cliff  colliery 
the  seam  is  intersected  by  a  trap  dyke  at  right  angles,  which  has  charred  the  coal  on  each  side  of  it.  These  collieries 
were  wrought  at  an  earlier  period  than  any  othei-s  in  Ireland,  and  used  to  yield  annually  from  10,000  to  15,000  tons  ; 
but  now  they  are  disused. 

Tyrone  Coal  District. — Near  Coal  Island  is  a  partial  deposit  of  coal,  but  the  beds  are  now  neai-ly  wrought  out.  At 
Dungannon  nine  w'orkable  seams,  from  3  to  9  feet  thick,  were  worked  with  moderate  success,  but  are  now  given  up. 

In  Lei  trim,  Cavan,  and  Roscommon  counties,  surrounding  Lochallen,  the  source  of  the  river  Shannon,  there  are  several 
detached  basins  of  coal,  which,  however,  contain  only  one  bed  not  exceeding  2  feet  in  thickness.  The  shale  is  rich  in 
ii-oustone,  and  the  Arigna  ironworks  here  formerly  attracted  considerable  attention,  but  have  been  ultimately 
abandoned. 

Kilkenny  Coal  District. — This  district,  lying  to  the  W.  of  the  main  branch  of  the  Barrow  River,  is  divided  by 
intervening  ridges  of  mountain  limestones  into  four  basins.  The  coal  is  anthracitic,  very  much  mixed  with  sulphiu-. 
There  are  several  seams,  two  of  which  are  3  feet  in  thickness,  two  less  than  3  feet,  and  one  4  feet.  The  upper  beds  are 
wrought  out ;  the  lower  still  remain,  but  the  quality  of  the  coal  is  so  impure  as  to  be  unfit  for  any  other  purpose  than 
for  burning  limestone. 

The  Minuter  Coal  District  occupies  a  considerable  portion  of  the  counties  of  Clare,  Limerick,  Cork,  and  Kerry.  It 
contains  three  beds  of  anthracite,  but  none  of  great  thickness.  The  most  valuable  portion  is  found  on  the  N.  of  the  river 
Blackwater,  where  several  excellent  beds  of  anthracite  occur. 

Antrim  Lignites,  or  Brown  Coal. — This  Tertiary  deposit  occurs  abundantly  in  the  N.  of  Ireland,  as  well  as  in  some 
other  localities.  It  underlies  the  basaltic  trap  of  Antrim,  and  the  beds  exhibit  a  variation  in  thickness  of  from  3  to  30 
feet  in  the  space  of  100  yards.  At  Lough  Neagh  these  beds  attain  a  thickness  of  294  feet,  composed  of  alternations  of 
wood,  coal,  clay,  and  sand.    It  is  difficult  to  ignite,  and  forms  a  dull  fire,  but  is,  on  the  whole,  superior  to  peat. 

In  the  year  1 854  there  were  of  collieries  in  operation  in  Ireland  : — 

In  Leinster  field,  .  .        '  .  .  .  .  .  .  .  5 

Tipperary,  ........  5 

Munster,         ...  ......  2 

Connaught,      .........  5 

Tyrone,  .........  2 

19 

These  produced  a  total  of  148,750  tons  of  coal. 
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GENEEAL  SUMMARY. 

On  a  review  of  the  leading  details  of  the  British  coal-fields,  the  following  conclusions  may  be  drawn  : — 

The  Coal-measures  of  England,  Scotland,  and  I)'eland  are,  as  regards  local  position,  contiguous  to  each  other, 
occupying  the  greater  part  of  the  W.  and  central  portion  of  the  British  Islands. 

The  Irish  Sea  separates  Ireland  from  the  West  of  England  ;  but  the  characteristics  of  the  Carboniferous  limestone 
and  lower  Coal-measures  of  Ireland  bear  such  a  striking  conformity  to  the  similar  strata  of  Wales,  as  to  lead  to  the 
presumption  that  they  may  have  been  originally  continuous.  The  distance  from  Whitehaven  in  Cumberland,  where 
the  coal-seams  dip  into  the  Irish  Sea,  is  so  little,  and  that  little  so  far  connected  by  traces  of  the  Carboniferous  system 
in  the  Isle  of  Man,  as  to  afford  additional  proofs  of  the  supposed  connection  of  the  two  opposite  shores  of  Ireland  and 
England.  The  Scottish  coal-fields  are  only  disjoined  from  those  of  the  North  of  England  by  the  intrusion,  by  igneous  ele- 
vation, of  the  underlying  Silurian  and  Devonian  rocks  ;  and  the  same  line  of  basaltic  trap  appears  to  be  traceable  from 
the  coal  of  Antrim  through  the  Isle  of  Arran,  and  North-eastward  through  the  basins  of  the  Clyde  and  Forth. 

From  South  Wales  to  the  North  of  Yorkshire,  the  continuity  of  the  various  coal-basins  suffers  such  interruptions 
only  as  may  be  supposed  due,  in  the  first  instance  perhaps,  to  the  original  inequalities  of  the  surface  previous  to  the 
coal  deposition  ;  and  in  the  second  place,  to  the  breaks  necessarily  caused  by  the  upheaval  of  the  siu-face  posterior  to 
the  close  of  the  coal  era,  and  to  the  effects  of  denudation  consequent  upon  such  upheavals. 

The  mineral  and  fossiliferous  contents  of  the  various  basins  bear  a  striking  similarity  throughout  the  whole. 
There  exist  the  same  underlying  strata  of  the  older  Palseozoic  series  ;  the  same  mountain  limestone,  with  marine 
organisms,  forms  the  basis  of  the  Coal-measures,  the  deposits  of  this  limestone  varying  in  thickness  according  to  their 
localities, — in  some  places  existing  in  one  or  two  thick  beds,  in  other  localities  dividing  into  two,  three,  or  more  thinner 
beds  ;  some  of  those  upper  beds  exhibiting  fossils  indicative  of  a  fresh-water  formation. 

Above  this,  the  millstone-gi-it  is  generally  prevalent,  or,  if  absent,  it  is  replaced  by  beds  of  red  sandstone  shales  and 
conglomerates. 

In  the  alternating  beds  of  shales,  sandstone,  and  coal  forming  the  true  Coal-measures,  certain  well-marked  strata 
and  seams  of  coal  can  be  traced  as  prevailing  to  a  wide  extent  through  several  districts  in  England ;  while  the  same  is 
the  case  with  some  of  the  well-marked  Scotch  coal-seams. 

The  fossil  vegetable  remains  are  of  identical  character  throughout  the  whole  of  the  English,  Scotch,  and  Irish 
basins ;  and  similar  species  prevail  from  the  highest  to  the  lowest  beds  of  strata,  having  a  thickness  of  6000  feet. 
Stigmarice  and  Lepidodendrons  abound  in  the  sandstones,  and  lai'ge  trunks  of  Coniferous  trees  are  not  unfrequent, 
especially  in  Scotland ;  while  impressions  of  ferns  and  equisetaceous  plants  are  found  in  the  shales  above  the  coal-seams. 


TABLE  OF  COAL  PRODUCE  OF  GREAT  BRITAIN  AND  IRELAND,  1854  and  1855. 


Districts. 

Tons  raised 
in  1855. 

Number  o 
Collieries 
in  1855. 

Persons 
Employed 
in  1854. 

Price  per  ton 
at  the  Mines 
in  1854. 

Price  in  London,  kc, 
in  1854. 

ENGLAND. 

Northumberland  and  Durham, 

15,4.31,400 

273 

38,801 

8s.  to  lis.  6d. 

18s.  9d.  to  23s.  lOd. 

Cumberland,  ..... 

809,549 

23 

3,636 

8s.  5d. 

Yorkshire,  ...... 

Derbyshire, 

7,747,470 

333 

21,030 

5s.,  10s.,  16s. 

20s.  in  Hull. 

2,256,000 

171 

5,434 

20s. 

Nottinghamshire,  ..... 

809,400 

20 

3,671 

Warwickshire,       .         .         .       *  . 

262,000 

17 

1,414 

Leicestershire,  ..... 

425,000 

11 

1,646 

Staffordshire  (N.  and  S.)  and  Worcestershire, 

7,323,000 

500 

27,869 

Lancashire,  ...... 

8,950,000 

357 

28,834 

Cheshire,  ...... 

755,500 

32 

2,618 

Shropshire,  .         .         .         .     '  . 
Gloucester,  Somerset,  Devon, 

1,105,250 

56 

4,580 

1,430,620 

88 

7,501 

NORTH  WALES. 

Anglesea,  Flintshire,  Denbigh, 

1,125,000 

65 

SOUTH  WALES. 

Monmouth,  Glamorgan,  Pembroke,  Caermartheu, 

8,550,270* 

245 

SCOTLAND. 

Total  of  all  the  coal-producing  districts,  . 

7,325,000 

403 

32,969 

IRELAND. 

Total  of  all  the  coal  districts, 

145,620 

19 

Grand  total, 

64,351,079 

2613 

1 

*  Of  which  997,600  were  Anthracite. 
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CLASSIFICATION  OF  THE  KINDS  OF  COAL. 


The  three  leading  divisions  of  coal — the  Anthracitic,  the  Bituminous,  and  the  Hydrogenous — have  their  represent- 
atives in  the  various  coal-fields, — even  the  same  seams  sometimes  exhibiting  in  different  places  different  kinds  of  coal, 
and  there  appearing  no  fixed  order  of  position  of  any  one  particular  kind. 

The  South  Wales  coal-field  abounds  in  anthracite.  The  most  common  kinds  of  coal  are  the  bituminous,  consisting 
of  the  splint  and  cuboidal  subdivisions.  The  caking  kinds  are  much  more  common  in  England  than  in  Scotland,  while 
the  latter  district  contains  the  richest  hydrogenous  or  cannel  coals. 

The  Scotch  coal-field  has  been  supposed  lower  in  position  than  the  English.  Some  of  the  lowest  seams  alternate 
with  bands  of  mountain  limestone,  and  the  Berwick  coal  is  altogether  in  this  position. 

Bands  of  limestone  and  shale,  with  fresh-water  bivalves  and  impressions  of  plants,  exist  in  the  lowest  carboniferous 
beds  of  Scotland,  and  are  found  alternating  with  marine  limestones  in  tlie  English  coal-districts,  affording  evidence  of 
the  altei-uate  elevation  and  depression  of  the  surfiice  during  the  formation  of  the  strata. 


COAL-ITS  COMPOSITION,  AND  A  CLASSIFICATION  AND  DESCRIPTION 

or  ITS  VARIETIES. 

This  black  hard  carbonaceous  substance,  produced  by  the  vegetation  of  former  geological 
periods,  and  regularly  imbedded  in  the  stratified  crust  of  the  globe,  is  at  once  the  most  interest- 
ing to  science,  and  the  most  valuable  to  the  wants  of  civilised  man,  of  all  the  materials  imbedded 
within  the  earth  :  it  deserves,  therefore,  a  careful  investigation  of  its  composition,  origin,  and 
uses.  Being  a  very  complex  substance,  or  rather  a  genus  of  substances  of  kindred  composition, 
whose  ingredients  vary  much  in  their  proportions,  its  several  varieties  must  be  classified  and 
separately  examined  or  analysed. 

Subdividing  the  whole  class  of  substances  we  call  coal  in  accordance  with  their  most  natural 
characters,  we  find  them  to  arrange  themselves  into  the  following  four  principal  groups  in  the 

order  of  diminishino;  carbon  and  auomentino;  hydrosjen  : — Anthracites,  Semi-antlwacites ;  Semi- 
co o  C)     ./         O  ' 

hituminous  coals,  and  Bituminous  coals. 

All  the  varieties  of  coal  agree  in  containing,  thoftgh  in  very  different  relative  proportions,  the  following  contituents. 

Carbon,  invariably  the  most  abundant  ingredient,  and  the  gases  hydrogen,  oxygen,  and  nitrogen,  the  relative  pro- 
portions of  which  are  very  influential  in  imparting  to  certain  coals  their  special  qualities.  To  these  (the  organic  pro- 
ducts of  vegetation)  we  must  add  a  variable  amount  of  earthy  matter  (the  g,shes  of  the  coal  when  it  is  burned),  con- 
sisting generally  of  silica,  alumina,  oxide  of  iron,  and  sometimes  a  little  lime,  magnesia,  potash,  &c.,  and  likewise 
fi  equently  a  small  amount  of  sulphur. 

It  has  been  pretty  clearly  ascertained  by  careful  chemical  researches,  that  all  coal,  even  the  hardest  and  driest 
anthracite,  contains  more  or  less  of  these  various  substances,  and  that  in  the  different  kinds  they  not  only  differ  in  their 
relative  proportions,  but  in  their  condition  of  chemical  union  with  each  other. 

In  the  so-called  bituminous  varieties  of  coal,  the  three  principal  constituents — carbon,  hydrogen,  and  oxygen — 
are  in  chief  part  at  least  chemically  united  into  the  form  of  one  or  more  oily  inflammable  liquids,  erroneously  called 
bitumens,  recognisable  by  the  microscope  in  the  cells  of  the  coal ;  and  it  is  clear  from  certain  phenomena,  such  as  the 
constant  evolution  of  the  gases  in  the  free  state  from  the  pores  of  the  coal,  that  another  portion  of  these  is  locked 
within  the  coal  in  an  uncombined  but  greatly  compressed  and  possibly  liquid  condition. 

Thus  it  may  be  stated  as  a  general  analysis  of  all  the  bituminous  coals,  that  they  contain,  besides  their  earthy 
ingredients — 1,  Solid  carbon  ;  2,  Carbon,  hydrogen,  oxygen,  and  nitrogen,  chemically  combined,  but  not,  as  is  generally 
supposed,  in  the  state  of  bitumen  ;  3,  A  residual  portion  of  the  hydrogen,  oxygen,  and  nitrogen  in  the  form  of  free 
gases,  easily  disengaged  ;  4,  A  small  proportion,  seldom  more  than  1  or  2  per  cent,  of  free  water  mechanically  present 
in  the  pores  and  fissures. 

The  essential  diflerence  between  the  bituminous  coals  and  the  anthracites  is,  not  that  the  latter  contain  no  gases 
or  volatile  matter  (for  they  sometimes  possess  as  much  as  9  or  10  per  cent),  but  that  they  are  destitute  of  a  perceptible 
amount  of  those  chemical  compounds  of  the  gases  and  the  carbon  known  as  bitumens.    In  the  driest  or  most  thoroughly 
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de-bituminised  anthracites,  tlie  hydrogen  element  amounts  to  about  2  or  3  per  cent,  and  the  oxygen  and  nitrogen 
together  to  about  as  much  ;  and  many  facts  make  it  highly  probable,  that  while  a  j^art  of  the  hydrogen  and  oxygen  are 
in  combination  in  the  form  of  water,  and  that  some  of  the  hydrogen  and  nitrogen  is  in  the  condition  of  ammonia,  a 
residual  portion  of  all  these  three  elements  is  in  au  insulated  state,  condensed  in  the  pores  of  the  solid  parts  of  the  coal. 

In  such  anthracites,  the  carbon  varies,  according  to  the  purity  of  the  coal,  from  84  to  93  per  cent,  while  the  earthy 
matter  usually  ranges  from  2  to  1 2  per  cent. 

The  composition  of  a  coal  may  be  viewed  in  either  of  two  aspects,  and  determined  by  either  of  two  corresponding 
methods  of  analysis.  In  the  one  we  may  regard  only  the  proportions  of  the  several  ultimate  elements,  the  carbon^ 
hydrogen,  oxygen,  nitrogen,  and  earthy  substances  which  enter  into  it ;  in  the  other  we  may  consider  it  as  a  union 
of  certain  specific  combinations  of  these — namely,  of  solid  carbon  or  coke,  with  bitumen,  the  gases  hydrogen,  oxygen, 
and  nitrogen,  in  a  free  and  condensed  state,  and  some  of  these  in  the  state  of  water  and  ammonia,  together  with  the  earthy 
matters.  The  mere  combustion  of  a  bituminous  coal  effects  the  successive  disengagement  of  these  last-named  proximate 
constituents.  Thus,  in  the  first  stage  of  kindling,  the  greater  part  of  the  free  gases  and  of  the  water  is  exhaled  at  a  rela- 
tively low  heat ;  next,  a  portion  of  the  bitumeia  is  converted  into  vapour,  with  disengagement  of  a  part  of  its  solid  carbon, 
while  the  temperature  is  not  yet  high  enough  for  actual  ignition  ;  still  later,  the  rest  of  the  gaseous  matter,  and  a  part 
of  the  solid  carbon,  burn  off  in  flame  and  smoke  ;  and,  finally,  the  residual  coke  is  consumed,  leaving  only  the  earthy 
matter,  the  ashes. 

The  distinctive  properties  of  the  different  kinds  of  coal  are  determined  mainly,  though  not  altogether,  by  the  rela- 
tive proportions  of  solid  carbon  and  volatile  matter  which  they  severally  contain.  Coals  are  therefore  styled  bitumi- 
nous, semi-bituminous,  or  anthracitic — that  is,  purely  carbonaceous — as  they  possess  respectively  a  full  supply,  half  a 
share,  or  no  trace  at  all  of  bitumen.  When  they  contain  as  much  as  18  or  20  per  cent  of  volatile  combustible  matter, 
they  are  usually  entitled  bituminous  coals  ;  when  less  than  18  per  cent,  and  more  than  11  or  12  per  cent,  they  claim 
the  name  of  semi-biturainous ;  and  when  a  less  proportion  than  11  or  12  per  cent,  they  are  ordinarily  designated 
anthracites. 

Of  those  having  more  than  18  percent  of  bitumen  there  ai'e  two  general  varieties,  the  open-himiing  and  the  caldnrj 
coals.  Both  of  these  burn  with  much  flame  and  smoke,  and  both  swell  into  a  vesicular  coke  in  burning  ;  but  the  open- 
burning  kind  coheres  loosely,  and  permits  the  air  to  pass  freely  between  its  lumps,  while  the  caking  variety  agglutinates 
more  closely  into  a  mass,  and  partially  arrests  the  draught.  This  property  of  naturally  caking  or  not  caking  does  not 
appear  to  depend,  as  very  many  persons  suppose,  merely  on  a  greater  or  less  abundance  of  volatile  matter  ;  for  both  the 
non-caking  splint  coal  of  England,  and  the  cannel  coal  of  that  and  our  own  coimtry,  rather  exceed  the  Liverpool  and 
other  caking  coals  in  their  amount  of  bituminous  or  more  strictly  volatile  matter.  The  splint  coals  average  as  much  as 
36  per  cent,  the  cannel  coal  seldom  less  than  35,  and  frequently  as  much  as  45  per  cent,  while  the  caking  coals  rarely 
exceed  32  or  34  per  cent  of  total  volatile  ingredients. 

The  semi-bituminous  coals  also  soften  and  swell  into  compact  coke,  but  do  not  agglutinate  at  all,  or  only  slightly ; 
they  are  therefore  equally  eligible  with  the  non-caking  bituminous  varieties  for  certain  purposes  of  combustion  ;  while, 
as  we  shall  presently  see,  they  are  preferable  to  them  in  heating  power,  in  proportion  to  the  greater  weight  of  solid 
carbon  they  contain. 

The  anthracites  neither  soften  and  swell  or  vesiculate  while  burning,  nor  do  they  emit  any  smoke,  strictly  so  called. 
Those  varieties,  however,  which  contain  from  about  7  to  10  per  cent  of  volatile  matter,  evolve  in  the  early  stages  of 
combustion  a  visible  amount  of  yellow  carbonaceous  flame,  the  product  of  the  easily-ignitible  carburetted  hydrogen 
gas,  which  is  most  probably  present  in  the  free  state  in  the  cells  and  crevices  of  the  coal,  and  not  derived  by  decom- 
position from  any  bituminous  matters.  These  are  the  free-burning  easily-kindled  anthracites.  They  are,  for  the  most 
part,  fissured  by  numerous  fine  clefts  or  joints,  by  virtue  of  which,  and  of  the  expansible  gases  these  enclose,  the  lumps 
spontaneously  subdivide  on  the  fire,  in  a  greater  or  less  degree,  into  small  cuboidal  fragments.  These  coals  constitute, 
I  conceive,  a  distinct  variety,  being,  when  of  equal  purity  in  regard  to  earthy  matters,  intermediate  in  colour,  lustre, 
and  specific  gravity,  between  the  semi-bituminous  kinds  on  the  one  side,  and  the  dry  hard  anthracites  on  the  other  j 
and  as  they  derive,  from  their  peculiar  mechanical  structure  and  special  chemical  composition,  definite  and  valuable 
qualities  for  several  of  the  leading  uses  to  which  fuel  is  applied,  I  deem  it  convenient  and  proper  to  give  them  a  separate 
designation  :  1  shall,  therefore,  always  allude  to  these  as  the  semi-anthracites. 

The  true  or  hard  anthracites  constituting  the  first  division  of  this  class  of  coals  contain,  when  free  from  mechani- 
cally-imbibed water,  from  2  to  5  or  6  per  cent  of  volatile  matter,  consisting  of  minute  quantities  of  the  atmospheric 
gases,  and  hydrogen,  carburetted  hydrogen,  and  also  1  or  2  per  cent  of  water  very  tenaciously  retained. 

These  anthracites,  when  pure,  and  not  dislocated  from  the  excessive  pressure  which  attended  the  uptilting  of  the 
strata,  have  their  fine  intersecting  joints  or  clefts  f;xr  asunder,  and  nearly  perpendicular  to  the  grain  of  the  coal,  and 
they  break  with  a  semi-conchoidal  fracture.  They  are  harder  and  denser  than  any  of  the  other  coals,  and  by  their 
firmer  cohesion,  their  resistance  to  subdivision  on  the  fire,  and  their  destitution  of  inflammable  gaseous  matter,  ai-e  the 
most  difficult  of  all  coals  to  kindle,  and  require  the  highest  temperature  for  the  maintenance  of  their  combustion.  The 
very  hardest  kinds  yield  an  almost  semi-metallic  sound  when  struck,  and  in  their  slightly-bluish  tint  and  their  faintly 
plumbaginous  lustre,  they  suggest  plainly  their  affinity  in  composition  to  true  graphite  or  black-lead.  In  these  and  all 
their  other  characteristics  the  genuine  anthracites  give  evidence  of  their  having  been  exposed  since  their  deposition  to 
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a  far  greater  intensity  of  terrestrial  heat  than  any  of  the  other  kinds  of  coal.  Anthracite  is  unquestionably  the  meta- 
morphic  form  of  ordinary  bituminous  coal,  and  has  derived  its  peculiar  composition  of  a  nearly  pure  carbon,  and  its 
other  important  qualities,  from  the  slow  expulsion,  under  great  pressure,  of  the  volatile  parts  of  the  coal,  through  the 
action  of  a  high  distilling  temperature  pervading  the  strata  enclosing  it. 

To  a  somewhat  less  elevated  or  prolonged  heat  in  the  earth's  crust,  we  are  equally  well  entitled,  by  all  geological 
testimony,  to  ascribe  the  more  imperfect  removal  of  the  gaseous  elements  in  the  instance  of  the  semi-anthracites  ;  and 
to  various  yet  feebler  degrees  of  heating,  we  are  manifestly  compelled  to  assign  all  the  corresponding  grades  of  the  bitu- 
minous character  met  with  in  the  semi-bituminous  and  the  drier  bituminous  coals. 

These  general  introductory  views  of  the  composition  and  structure  of  the  several  leading  species  of  coals,  will  be 
seen  to  possess  much  practical  importance  in  suggesting  the  proper  uses  and  adaptations  of  the  respective  varieties,  and 
the  conditions  under  which  each  species  should  be  burned  to  insure  the  highest  economy  of  their  heating  power.  Each 
of  the  four  dominant  kinds  of  coal  described  has  been  found  by  experiment  to  subserve,  better  than  the  rest,  some 
appropriate  end  or  ends  in  the  multifarious  operations  of  the  arts  ;  but  the  practical  man  is  continually  deceived  in  his 
calculation  of  the  economy  of  his  fuel  through  inattention  to  the  chemical  laws  of  combustion,  and  through  incoiTCct 
conceptions  of  the  true  nature  of  the  special  variety  of  fuel  he  is  using.  Without  such  knowledge,  the  whole  economic 
problem  of  his  coal  and  his  furnaces  is  but  guess-work  the  moment  he  essays  a  new  variety,  or  introduces  any  material 
alteration  in  his  mode  of  burning  even  a  familiar  species. 

Directed  by  these  preliminary  views  of  the  composition  and  qualities  of  the  several  species  of  coal,  I  propose  to 
classify  and  describe  them  somewhat  more  technically,  upon  a  combined  basis  of  their  chemical  and  structui'al  charac- 
ters, or  in  accordance  with  their  composition  and  manner  of  burning. 

Retaining  the  above  convenient  classification  of  coals,  into  the  four  vai-ieties  of  Anthracites,  Semi-anthracites, 
Semi-bituminous,  and  Bituminous  Coals,  which  has  already  crept  extensively  into  use  since  first  presented  by  me,  and 
is  constantly  employed  in  this  work,  I  propose  to  introduce  here  a  more  extensive  one,  simply  modifying  this  grouping, 
and  recognising  certain  varieties  or  sub-varieties  not  yet  designated. 

Looking  at  the  essential  differences  in  the  several  kinds  of  coal  depending  on  their  gradations  in  composition,  it  will 
appear,  I  think,  that  the  soundest  general  classification  is  into  three  great  varieties  and  groups — the  Anthracites,  Bitu- 
minoiis  Coals,  and  Hydrogenous  Coals,  arranged  in  the  order  of  diminishing  carbon  and  augmenting  hydrogen.  At  the 
one  end  of  this  scale  we  have  the  anthracites  ;  natural  cokes,  yielding  almost  no  flame  and  no  smoke ;  coals  with  the 
maximum  of  solid  carbon,  and  a  minimum  of  the  gaseous  elements.  At  the  other  end  of  the  scale,  the  very  hydro- 
genous coals,  almost  destitute  of  true  coke,  and  convertible  almost  wholly  into  flame  with  smoke  ;  coals  with  the  least 
proportion  of  fixed  carbon,  and  the  greatest  amount  of  hydrogen  gas  ;  while,  intermediate  between  these  extremes,  are 
the  common  bituminous  coals,  containing  a  medium  share  both  of  solid  carbon  and  of  the  gaseous  elements — capable  of 
producing  a  fair  amount  of  coke,  and  a  moderate  per-centage  of  the  inflammable  or  hydrogenous  gases.  This  grouping 
will  be  found,  I  think,  at  once  scientifically  correct  and  expressive,  and  practically  applicable  and  useful. 

But  these  three  classes  of  coals  demand,  as  we  have  already  partly  seen,  a  subdivision  into  special  varieties — the 
Anthracites  being  properly  separable  into  Hard  Anthracites  and  Semi-anthracites;  the  Bituminous  Coals  into  dry  or 
Semi-hitumiiious,  and  fat  or  true  Bitmnlnons  Coals  ;  and  the  Hydrogenous  into  Cannel  and  the  richest  Gas  Coals. 

To  this  point  the  classification  mainly  recognises  the  relative  proportions  of  fixed  carbon  to  gaseous  matter,  espe- 
cially hydrogen ;  but  a  yet  further  sub-grouping  of  some  at  least  of  these  varieties  is  called  for,  to  express  not  so  much  the 
lesser  differences  of  composition,  as  the  conditions  of  co7istitution  or  chemical  structure,  resulting  in  peculiarities  of  their 
modes  of  decomposing  under  heat  and  burning.  This  gives  us  a  partial  classification  of  certain  coals,  which  is  trans- 
verse, so  to  speak,  to  the  main  linear  one  of  a  simple  gradation  in  the  quantities  of  carbon  and  hydrogen.  Guided  to 
these  differences  among  the  bituminous  coals  by  this  second  clue,  we  shall  find  the  true  or  fat  bituminous  group  to 
include  three  well-marked  sub-varieties,  already  recognised  by  their  distinctive  properties,  and  known  under  famihar 
names.  These  are  the  caking  coals,  the  cherry  coals,  and  the  splint  coals  of  the  English  miners,  and  of  commerce.  In  the 
same  manner,  looking  to  the  behaviour  of  the  leading  kinds  of  the  very  hydrogenous  coals,  as  well  as  to  the  differences 
in  the  proportions  of  hydrogen  in  them,  we  shall  find  these  to  include  at  least  three  very  unlike  varieties  of  the  rich 
gas-making  sorts,  severally  represented  by  the  ordinary  or  typical  cannel  coals,  by  the  Torbanehill  gas-coal,  and  by 
Albert  coal  of  New  Brunswick.  It  is  not  easy  to  find  suitable  familial-  designations  for  the  two  last  named  of  these  three 
hydrogenous  coals ;  but  I  think  the  term  hydrogenous  shale  or  clay-coal  is  a  fit  enough  name  for  the  Torbaneliill 
variety;  while  the  lustrous,  fusible,  and  exceedingly  pure  Albert  coal,  may  claim  appropriately  the  title  which  has  been 
sometimes  applied  to  it,  of  the  Asplmltic  coal,  without  signifj'ing  that  it  contains  or  consists  of  either  real  asphaltum  or 
solid  bitumen. 

Applying  to  the  group  of  semi-bituminous  coals  a  similai*  discrimination,  we  may  discern  even  among  them  the  two 
sub-varieties  of  cherry  and  splint  coals,  each,  however,  having  a  less  share  of  volatile  matter  than  in  the  corresponding 
true  cherry  and  splint  coals  of  the  fully-bituminous  group. 

Indeed,  we  might  properly  enough  extend  the  distinctions  of  splendent,  cubical,  and  dull  splintery  or  slaty  coals  to  the 
two  leading  qualities  of  anthracite,  only  that  it  would  mislead  to  apply  to  any  variety  of  tliis  the  restricted  name  of 
Cherry  coal. 
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That  peculiar  species  of  coal  which  is  so  distinctive  in  the  cannel  coals, — that  dull  greyish-black  variety,  which  evi- 
dently owes  its  want  of  lustre  and  of  fusibility,  not  to  the  presence  of  earthy  matter,  but  to  some  essential  circumstance 
in  its  composition — possibly  an  abundance  of  free  carbon,  some  special  condition  attending  its  origin,  possibly  a  pro- 
longed masceration  of  the  vegetable  matters  before  their  final  entombment — certainly  mingles  with  the  other,  or  glance 
variety,  in  greater  or  less  proportion,  in  all  the  great  classes  of  coals,  from  the  most  hydrogenous  to  the  anthracites. 
Both  kinds  have  been  subjected  together  to  various  degrees  of  distillation  of  their  more  volatile  constituents,  perhaps  to 
dissimilar  extents  in  the  difierent  groups,  anthracites,  bituminous,  and  hydrogenous;  and  therefore  it  is  that  we  see  the 
dull  and  the  bright  varieties  so  intimately  alternating  in  all  of  these  classes,  even  where  we  cannot  impute  the  dull 
laminfe  to  any  excess  of  earthy  matter. 

Adopting  the  above  distinctions,  we  may  accordingly  arrange  all  the  best-known  descriptions  of  coal  upon  the 

following  scheme  or  classification  : — 

A  ,  (  Hard  Anthracites. 

Anthracites,  i  c.     •     n  a  it. 

Semi  or  Gaseous  Anthracites. 


I  c-  •  I,-!.  •  /-(  1  (  Semi-bituminous  Cherry  Coal,  and 
I  Semi-bituminous  Coals,  j  gemi-bituminous  Splint  Coal. 


CoMJiox  Bituminous  Coals,  \  (  Caking  Coal. 

Bitum.inous  Coals,  •!  Cherrv  Coal. 

(  Splint  Coal. 

(  Cannel  Coals. 

Hydrogenous  or  Gas  Coals,  <  Hydrogenous  Shaly  Coal  (Torbanehill,  &c.) 

(  Asphaltic  Coal  (Albert  Mine). 

Having  taken  this  brief  general  survey  of  the  whole  class  of  coals,  and  developed  the  classification  adopted  in 
this  work,  we  may  now  look  more  closely  at  the  physical  and  chemical  characteristics  of  the  several  species  or  kinds. 
In  doing  this  we  will  follow  the  order  in  which  they  are  presented  in  the  foregoing  Table,  beginning  with  the  most  car- 
bonaceous coals,  and  ending  with  the  most  hydrogenous. 


THE  ANTHRACITE  COALS. 

The  term  Anthracite  may  be  strictly  applied  to  all  those  dry  or  non-bituminous  coals,  which,  possessing  from  2 
to  about  10  per  cent  of  gaseous  matter,  do  not  sw^ell  or  intumesce  when  burned  ;  or  which,  in  other  words,  give  off  the 
small  amount  of  volatile  constituents  they  contain  without  coking.  All  of  these  coals  enclose,  as  already  said,  a  minute 
quantity  of  the  atmospheric  gases  and  hydrogen,  with  a  little  water  firmly  retained  ;  and  some  of  them  contain,  besides, 
a  notable  amount  of  the  combustible  gases,  probably  in  a  free  condition. 

The  carbon,  their  chief  and  most  important  constituent,  prevails  in  all  proportions,  from  94  per  cent  in  the  very 
purest  and  least  gaseous  anthracites,  to  any  lower  ratio,  until,  from  excess  of  earthy  matter,  the  substance  can  no  longer 
be  called  nor  used  as  coal,  but  deserves  the  name  of  carbonaceous  slate.  The  earthy  matter  is  seldom  less  than  3  per 
cent  in  the  purest  varieties,  and  more  than  10  per  cent  is  incompatible  with  excellence  as  a  fuel. 


THE   TRUE   OR   DRY  ANTHRACITE. 

This  the  first  species  in  the  Table,  is  characterised  by  its  semi-conchoidal  fracture,  the  fewness  and  squareness  of  its  joints 
or  clefts,  great  relative  hardness  and  density,  its  high  specific  gi-avity,  ranging  from  1.40  to  1.80,  iron  black  or  j^lum- 
baginous  colour,  and  its  semi-metallic  and  splendent  lustre.  It  burns  without  any  smoke  or  yellow  flame,  but  with  a  weak 
blue  flame — that  of  carbonic  oxide  when  newly  kindled — and  with  a  thin  transparent  pinkish  and  intensely-hot  flame 
when  in  full  combustion.  True  anthracite,  when  pure,  is  slow  to  ignite,  conducts  heat  very  badly,  burns  at  a  very  hiah 
temperature,  radiates  an  intense  warmth,  and  is  difficult  to  quench.  Generating  almost  no  water  during  its  combus- 
tion, it  powerfully  desiccates  the  atmosphere  of  an  apartment  in  which  it  is  burning.  Like  the  diamond,  it  is  a  perfect 
conductor  of  electricity,  but  acquires  negative  electricity  when  insulated,  and  subjected  to  friction.  It  is  sometimes 
described  as  a  mineral,  but  is  more  truly  a  rock,  or  mechanical  solid  aggregate  of  earthy  and  organic  matter  stratified, 
and  therefore  neither  amorphous  nor  crystalline. 
It  consists,  when  pure,  of — 


Carbon,       .       .       .       from  94  to  90  per  cent. 
Hydrogen,   .       .       .       .         1  „    3  „ 
Oxygen  and  Nitrogen, .       .         1  „    3  „ 


Water,  .  from  1  to  2  per  cent. 

Ashes,       .       .       .       .        3  „  4  „ 


The  constituents  which  vary  most  are  of  course  the  carbon  and  earthy  matter ;  and  in  the  impure  sorts,  the  first  of 
these  is  frequently  as  low  in  amount  as  75  per  cent,  the  ash  being  then  as  much  as  20  per  cent.  In  Pennsylvania,  such 
earthy  or  slaty  coal  is  technically  called  by  the  miners  bone  coal.  One  variety  of  impure  anthracite  is  where  all  the 
laminae  are  earthy,  and  dull  in  lustre  ;  another  is  where  the  dull  or  slaty  leaves  alternate  intimately  witli  the  splendent 
or  pure  anthracite,  but  in  such  excess  as  to  render  the  mixed  mass  impure. 

One  of  the  synonyms  of  anthracite  is  glance-coal,  from  its  brilliant  lustre  ;  another  is  blind-coal,  from  its  burning 
without  bright  flame ;  while  that  of  Wales  and  Devonshire  is  locally  called  culm.    It  is  familiarly  called  hai-d  coal,  in 


992 


CLASSIFICATION  OF  THE  KINDS  OF  COAL. 


contradistinction  to  the  softer  bituminous  coals  in  New  England  and  other  parts  of  the  United  States,  where  it  comes 
into  contact  with  the  fuels  of  the  other  class. 

Hard  anthracite,  from  its  great  richness  in  carbon  and  its  density,  stands  at  the  head  of  all  coal  for  its  heat- 
generating  power,  if  adequately  supplied  with  air.  It  is  therefore  particularly  valuable  for  producing  steam,  where 
power  only,  and  not  speed,  is  wanted ;  and  it  is  the  most  economic  of  all  fuels — weight  for  weight — for  smelting  and 
melting  iron  and  the  other  metals.  For  domestic  uses,  it  is  best  employed,  where  the  climate  is  cold,  as  an  auxiliary 
for  warming  air  ;  but  it  is  difficult  to  control,  and  it  emits  too  scorching  and  intense  and  dry  a  heat  to  make  it  a  pleasant 
or  wholesome  fuel,  burned  in  the  open  grate.  Skilfully  employed,  it  is  admirably  adapted  for  cooking,  but  it  requires 
special  aj^pliances  and  more  skill  than  other  fuel  for  an  economical  application  to  this  purpose.  It  is  extensively  applied 
to  all  the  purposes  here  mentioned  in  the  Middle  Atlantic  and  Eastern  States,  where  it  is  abundant  and  cheap. 

The  superior  density  of  hard  anthracite  over  every  other  kind  of  coal,  by  lessening  the  room  demanded  for  stowage, 
gives  it  a  decided  preference  in  this  respect  as  a  fuel  for  ocean  steamers,  where  the  trips  ai-e  very  long  or  the  tonnage 
precious  ;  and  in  these  cases  even  the  fracture  of  the  coal,  by  influencing  the  closeness  of  its  stowing,  is  a  consideration. 

The  conchoidal  fracture  in  dry  or  hard  anthracite  seems  to  depend  as  much  on  its  homogeneity  or  evenness  of  com- 
position and  structure,  as  on  its  purity  or  freedom  from  slaty  matter;  for  some  rather  earthy  varieties,  in  which  the  ashy 
constituents  are  diffused  throughout  the  coal,  exhibit  this  in  a  higher  degree  than  other  moi'e  carbonaceous  kinds,  in 
which  the  pure  coal  and  the  slaty  are  distinctly  laminated.  Hence  this  fracture  is  not  so  true  a  test  as  is  generally 
supposed  of  the  purity  of  the  fuel.  Every  bed  of  tolerably  pure  hard  anthracite  displays  at  its  outcrop,  and  to  a  small 
depth  below,  a  pi-evalence  of  the  ovoidal  and  globular  shapes  in  its  loose  and  weathered  lumps.  This  is  a  consequence 
of  a  tendency  to  the  conchoidal  fracture,  and  of  that  exfoliation  or  peeling  off  at  the  corners  and  edges  which  results 
from  alternate  wetting  and  drying,  and  which  belongs  to  nearly  all  homogeneous  earthy  aggregates  when  similarly 
exposed  to  the  weather.  Where  the  coal  is  finely  laminated  and  uniform  in  texture,  the  form  resulting  from  long 
weathering  is  ovoidal,  or  that  of  an  egg  more  or  less  flattened ;  but  where  the  mass  is  very  homogeneous,  and  cubical  in 
its  joints,  the  shape  approaches  near  to  the  globular. 

We  may  distinguish  two  kinds  of  joints  or  planes  of  separation  in  almost  eveiy  bed  of  hard  anthracite — viz.  sti'uctural 
joints,  or  clefts  symmetrically  disposed,  and  generally  pretty  nearly  at  right  angles  to  the  planes  of  bedding  or  lamination  of 
the  coal,  and  also  at  right  angles  to  each  other  ;  and  mechanical  joints,  or  planes  of  fracture,  resulting  from  compression 
during  unequal  tension  of  the  strata.    The  second  of  these  classes,  the  mechanical  joints,  numerous  in  all  strata  which 
have  been  much  moved  or  uptilted,  abound  more  in  the  highly-inclined  and  faulty  beds  than  in  the  more  horizontal 
ones,  and  more  in  very  hard  and  highly-metamorphic  anthracites  than  in  the  softer  semi-anthracites  and  bituminous 
coals;  while,  on  the  other  hand,  the  true  structural  joints,  or  those  arising  from  evenly-difl'used  shrinkage  and  from  the 
molecular  forces  excited  by  the  heat  which  dislodged  the  bituminous  matter,  are  most  numerous  and  closely  disposed  in 
the  softer  or  semi-anthracites.    An  interval  of  from  half  an  inch  to  several  inches  usually  separates  these  chats,  as  they 
are  called  by  miners,  which  cross  the  lamination  of  the  coal  at  right  angles,  and  are  coincident  approximately  with  the 
line  of  the  dip.    These  are  the  smoothest  and  best-marked  of  the  two  sets  of  joints.    The  others,  which  ai'e  also  perpen- 
dicular to  the  stratification,  but  are  approximately  at  right  angles  to  the  dip,  or  parallel  with  the  strike  of  the  beds, 
are  generally  farther  asunder,  and  not  so  clean  and  smooth.    Both  systems  of  cracks,  but  especially  the  cross-cleats,  are 
very  frequently  filled  with  a  white  substance — a  nearly  pure  form  of  silica — which,  we  may  conceive,  has  been  either 
segregated  from  out  the  substance  of  the  coal  itself,  where  some  original  silica  no  doubt  exists  as  a  secretion  from  the  reed- 
like vegetation,  or  introduced  mechanically  into  the  clefts  of  the  shrinking  coal  in  a  vaporous  state,  sublimated  very  pro- 
bably by  the  hot  steam  and  volcanic  gases  which  everything  indicates  to  have  been  the  main  agents  in  the  de-bituminisation 
or  metamorphosis  of  the  coal-beds.    One  form  of  these  cleats,  both  with  and  without  this  white  coating,  is  where  the 
clefts  are  excessively  slender,  or  not  wider  than  the  thickness  of  fine  paper,  and  of  proportionately  small  areas,  losing 
themselves  in  tiie  coal.    When  these  minute  fissures  are  numerous,  the  fresh  fracture  of  the  coal  is  marked  with  small 
roundish  or  oval  eyes,  whence  I  have  proposed  for  this  variety  the  title  oi  Bird's-eye  coal.    Frequently  these  small  disc- 
like figures,  which  exhibit  a  curling  or  flattened  conchoidal  fracture,  such  as  we  frequently  see  in  badly-annealed  glass, 
and  which  suggests  that  they  have  been  caused  by  contraction  or  shrinkage  of  the  coal,  ai'e  filled  with  the  white  flaky 
silica,  each  fissure,  when  small  and  undulated,  enclosing  a  delicate  round  or  oval  scale  of  it  like  a  white  spangle.  An 
anthracite  in  which  this  feature  much  abounds,  however  pure  it  may  be  in  other  respects,  or  rich  in  carbon,  is  called 
technically  by  our  miners  rough  coal.    For  certain  uses,  especially  for  domestic  consumption,  its  value  is  sensibly 
impaired  by  even  the  small  amount  of  incombustible  mineral  matter  it  contains  in  its  clefts ;  for  this,  though  mimite 
in  quantity,  has  a  tendency  to  exclude  the  air  from  contact  with  the  coal  when  burning,  which  it  therefore  causes  to 
kindle,  and  consume  too  slowly.   Some  of  the  rough  Bird's-eye  coal  does  not  crumble  down  or  fall  asunder  by  its  fissures, 
as  much  cleaty  coal  is  apt  to  do  ;  and  therefore,  where  lumpy  coal  is  preferred,  as  it  is  by  some  of  the  smeltera  of  iron,  its 
toughness  is  a  recommendation.    The  most  highly  metamorphosed  coal  of  the  United  States — that  of  Rhode  Island — 
exhibits  this  mineral  matter  in  its  clefts  in  great  abundance  ;  and  partly  from  this  cause,  and  partly,  perhaps,  from  its 
great  density,  it  is  the  most  diflicult  of  all  the  anthracite  coals  to  ignite,  or  to  maintain  in  active  combustion  when 
employed  alone,  or  without  a  sti'ong  current  of  aii". 

Occasionally  in  the  anthracite  coal-beds  of  Pennsylvania  we  meet  with  minutely-difi'used  silicious  sand  in  coal 
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otherwise  pure  ;  indeed,  this  so-called  sandy  coal,  the  best  instances  of  which  are  to  be  seen  in  the  Dauphin  Basin,  is 
usually  not  a  slaty  or  argillaceous  variety. 

Sulphuret  of  Iron. — All  coals,  and  all  carbonaceous  slates  and  shales,  contain,  it  is  well  known,  more  or  less  sulphuret 
of  iron,  generally  minutely  diffused  in  scarcely-discernible  crystals,  but  sometimes  in  visible  and  even  large  crystalline 
aggregates,  or  in  flakes  lining  the  cracks  and  joints  of  the  stratum.  Anthracite,  on  the  whole,  would  seem  to  contain 
a  rather  larger  proportion  of  sulphur  in  this  combination  than  those  coals  which  retain  their  volatile  constituents,  but 
the  cleaty  varieties  are  not  necessarily  the  most  charged  with  it.  The  sulphuret  of  iron  would  seem  to  abound  most  in 
the  slaty  laminae  of  the  anthracite — though  small  specks  of  it  may  be  often  detected  in  the  coal  itself,  with  help  especially 
of  a  magnifier.  Even  when  it  is  not  more  abundant  in  dry  anthracite  than  in  the  bituminous  coals,  it  causes  the  air 
from  this  species  to  be  more  deleterious  than  from  those  gaseous  fuels,  in  consequence  of  the  conversion  of  nearly  all  of  it 
into  corrosive  sulphurous  acid  gas,  while  in  the  bituminous  coals  the  hydrogen  and  other  gases  serve  as  a  partial 
counteraction,  by  forming  with  it  other  less  injurious  compounds.  Ventilation  of  apartments  in  which  anthracite  is 
burned  is  therefore  even  more  indispensable  than  where  the  fuel  is  an  equally  sulphurous  soft  coal. 

Mineral  Cliarcoal,  as  it  is  sometimes  called,  but  which  is  a  true  vegetable  production,  as  its  structure  discloses, 
but  preserved  in  the  fossil  state,  is  equally  a  constituent  of  the  anthracite  as  of  the  bituminous  coal.  It  occurs  in  little 
layers,  parting  the  solid  seams  which  make  up  the  thicker  beds  of  the  anthracite,  in  all  thicknesses  from  that  of  a 
shilling  to  several  inches,  though  it  is  seldom  met  with  more  than  half  an  inch  thick.  Its  presence  in  the  non-meta- 
morphic  coals  as  abundantly  as  in  the  anthracites,  is  one  of  several  circumstances  connected  with  it,  going  to  prove 
conclusively  that  it  is  an  original  product  formed  at  the  time  of  the  deposition  or  first  conversion  of  the  vegetable 
elements  of  the  coal,  and  not  an  after-result  of  any  partial  heating  or  combustion  of  the  coal  by  subterranean  fires,  as 
many  persons  imperfectly  instructed  in  the  chemistry  of  geology  have  imagined.  This  charcoal,  produced  possibly  in 
contact  with  the  atmosphere,  and  not  under  water,  on  the  surface  of  the  ancient  coal-forming  bogs,  and  not  within  them, 
has  escaped  the  masceration  which  converted  the  rest  of  the  vegetation  to  a  soft  l^ulpy  disorganised  mass,  already  freed 
from  the  gases  associated  with  it  in  the  tissues  of  the  plants,  and  reduced  to  the  elemental  and  unalterable  condition  of 
pure  carbon,  but  by  a  change  so  gradual  and  soft  as  to  have  retained  its  original  organic  structure,  has  undergone  no 
after-alteration  whatever,  when  the  more  complex  soft  coaly  matter  enclosing  it  was  heated  and  decomposed,  and  had 
its  volatile  and  bituminous  constituents  distilled  and  driven  away. 


SEMI-ANTHRACITE,  OR  SOFT  GASEOUS  ANTHRACITE. 

This  variety  of  the  anthracite  class  of  coals  is  distinguished  from  dry  or  hard  anthracite  by  possessing  a  black 
or  less  plumbaginous  hue,  less  hardness,  less  density,  and  a  less  metallic  lustre  and  sound,  and  by  containing  a  percep- 
tibly greater  amount  of  gaseous  ingredients.  The  conchoidal  or  "  glass-bottle  fracture,"  as  it  is  sometimes  familiarly 
named,  is  not  so  predominant,  while  the  fine  transverse  clefts  or  cleats  are  closer  and  more  numerous,  their  average 
distance  not  exceeding  a  third  or  a  half  of  an  inch.  Adopting  1.50  as  the  mean  specific  gravity  of  the  hard  anthracites  of 
Pennsylvania,  that  of  the  semi-anthracites  of  the  same  region  is  expressed  by  1.40,  which  is  tlie  density  of  the  pure 
Welsh  anthracites.  The  semi-anthracitic  qualities  are  restricted,  with  few  exceptions,  to  those  coals  which  possess  from 
6  to  10  or  11  per  cent  of  total  volatile  constituents,  or  on  an  average  from  7  to  8  per  cent  of  volatile  combustible 
matter.  In  consequence  of  this  element,  part  of  which  at  least  resides  probably  in  a  free  or  gaseous  state  in  the  cells 
and  clefts  of  the  coal,  this  variety  kindles  more  promptly,  and,  when  sufficiently  supplied  with  aii',  burns  more 
rapidly,  than  the  hard  anthracite.  When  first  ignited,  it  emits  a  small  amount  of  yellow  flame,  distinctive  of  the 
burning  of  the  carburetted  hydrogen  gases  ;  after  which  it  gives  off"  only  the  lambent,  thin,  but  very  hot  flame  of  true 
anthracite.  The  semi-anthracites  crumble  up  or  divide  into  small  angular  fragments  more  readily  on  the  fire  than  less- 
jointed  hard  anthracites ;  and  this  quality,  inconvenient  in  some  cases  where  the  draught  is  feeble,  by  causing  too  dull 
a  fire,  is  a  real  excellence  wherever  the  draught  can  be  regulated,  and  a  sufficiently  energetic  one  secured ;  for  if  only 
the  additional  influx  of  air  is  sufficient  to  overcome  the  increased  friction  consequent  upon  the  increase  of  surface  and 
multiplication  of  edges  arising  from  the  smallness  of  the  lumps,  these  coals  are  found  to  engender  almost  as  high  a  heat 
as  the  anthracites,  while  they  can  be  made  to  burn  both  foster  and  more  steadily.  Their  absolute  efficiency  for  equal 
weights  is  perhaps  a  little  less,  proportioned  to  their  smaller  total  quantity  of  carbon  ;  but  their  actual  efficiency  in  equal 
times  is  as  great,  or  even  greater,  than  that  of  the  hard  anthracites,  by  virtue  of  their  superior  quickness  of 
consumption.  • 

Good  semi-anthracites  of  the  Western  portions  of  the  Southern  and  middle  anthracite  coal-fields  of  Pennsylvania, 
display  an  average  composition  as  follows  : — 


Fixed  carbon, .  .  .  .84.00  per  cent 
Inflammable  gases,  .       .       .      7.50  „ 


Water  dispelled  at  .312°,  .  .  2.50  per  cent. 
Earthy  matter,      .       .       .    6.00  „ 


Precisely  the  same  inequalities  in  purity,  or  in  the  proportion  of  carbon  to  earthy  matter,  exist  in  this  class  as  in 
the  hard  anthracites,  both  kinds  having  about  the  same  minimum  of  sedimentary  foreign  matter. 

The  especial  excellence  of  the  semi-bituminous  coals  consists  in  the  readiness  with  which  they  burn  after  being  kindled, 
combined  with  an  absolute  heating  power  almost  as  great  as  that  of  the  diy  anthracites.  When  once  tiie  proper  appli- 
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ances  are  used  for  giving  them  their  fullest  efficacy,  these  coals  will  probably  take  the  very  highest  rank  among  the 
fuels  best  adapted  for  the  economical  generation  of  steam.  Their  successful  application  to  the  smelting  of  iron  in  high 
furnaces— a  result  not  yet  achieved — must  depend  altogether  on  the  adequacy  of  the  weight  of  blast  employed.  They 
evidently  present  more  friction  to  the  blast  than  the  large-lump  anthracites,  for  a  reason  already  assigned ;  but  this 
need  be  no  hindrance  to  their  economic  application,  since  in  all  well-constructed  anthracite  iron-furnaces  there  is  a 
larger  siu-plus  of  heat  engendered — a  far  larger — than  is  equivalent  to  any  additional  amount  of  power  demanded  to 
overcome  increased  assistance  from  a  partially-friable  fuel. 

Under  every  mode  of  burning  coal  for  ordinary  domestic  purposes,  excepting  perhaps  that  of  the  common  open 
grate,  having  a  languid  chimney-draught,  the  semi-anthracite  proves  to  be  an  admirably  convenient  and  prohtable  fuel. 
It  is  more  easily  checked  and  regulated  than  hard  anthracite,  while  it  yields,  when  required,  as  hot  a  fire. 

It  is  interesting  to  observe  the  several  manifestations  of  a  lower  degree  of  metamorphism  in  the  semi-anthracite, 
compared  with  the  true  anthracites.  Thus,  while  the  latter  resemble  jaspery  slates  in  the  extent  to  which  a  semi- 
crystalline  cohesive  force,  causing  conchoidal  fracture,  predominates  over  the  force  of  mere  sedimentary  aggregation, 
the  former  are  more  nearly  equivalent  to  that  stage  of  alteration  in  clay-slate  which  presents  an  abundance  of  jointage, 
with  a  moderate  but  not  excessive  induration.  Again,  the  semi-anthracites  are  less  dense  and  compact,  and  even  in 
some  instances  are  minutely  and  partially  vesicular — in  the  condition,  that  is  to  say,  of  a  tme  coke,  in  which  the  cells 
have  not  been  altogether  obliterated  from  excess  of  heating  and  dissipation  of  the  volatile  matter,  as  they  have  been  in 
the  anthracites ;  more  acted  on  by  subterranean  heat  than  the  bituminous  coals,  which  seem  not  to  have  had  their 
temperatui'e  raised  to  the  point  of  chemical  decomposition,  and  extrication  of  their  gaseous  matter,  or  to  the  point  of 
coking ;  and  less  excessively  baked  than  the  dry  anthracites,  in  which  this  decomposition  was  total.  These  and  the 
semi-bituminous  coals,  the  two  varieties  of  semi-metamorphic  coal,  display  just  those  intermediate  grades  of  organic 
change  in  which  we  can  best  discern  the  proofs  and  the  modes  of  the  metamorphism. 

THE  BITUMINOUS  COALS. 

Next  in  the  order  of  classification  are  the  Common  Bituminous  Coals,  divided  into  the  semi-bituminous  and  fiiU- 
bituminous  varieties,  which  are  again  subdivided,  as  shown  in  the  Table,  into  Caking,  Cherry,  and  Splint  coals.  This 
class  of  coals  is  separated  from  the  anthracites  on  the  one  side,  and  from  the  hydrogenous  coals  on  the  other,  by 
containing  or  yielding  both  coke  and  the  combustible  gases,  while  the  anthracites  con.sist  almost  exclusively  of  fixed 
carbon  or  coke,  and  the  hydrogenous  produce  scarcely  any  coke,  but  only  the  inflammable  hydro-carbons.  Perhaps, 
in  the  generic  sense,  all  coals,  except  the  anthracites,  should  come  under  the  denomination  of  bituminous  coals,  using 
this  term  in  its  ordinary  loose  acceptation  ;  but  it  is  not  pi-ecise  enough  for  the  purposes  of  definition,  unless  restricted 
as  here  proposed.  In  strict  chemical  language,  it  is  doubtful  if  any  coals  are  truly  bituminous,  or  contain  the  substance 
bitumen  (unless  perhaps  occasionally  in  minute  quantity),  in  the  free  or  ready-formed  condition ;  they  only  abound  in 
the  elementary  principles  of  bitumen,  and  yield  products  very  analogous  to  those  which  it  furnishes  when  similarly  distilled 
and  burned.  Perhaps  the  most  generally  intelligible  designation  for  this  special  group  of  coals  is  that  I  have  chosen  of 
"  Common  Bituminous  Coal."  A  not  inappropriate  familiar  name  would  be  coke  coal,  distinguisliing  it  from  the  gasless 
anthracites  and  the  cokeless  gas  coals. 

In  external  properties,  the  common  bituminous  coals  range  in  colour  from  a  pitch  black  to  a  dark  brown  ;  their 
lustre  is  vitreous,  resinous,  or,  in  the  more  fibrous  varieties,  silky  ;  their  structure  is  compact  or  cuboidal,  slaty, 
columnar,  and  even  fibrous;  and  their  fracture,  irrespective  of  structural  joints  and  cleavage,  is  conchoidal,  and  often 
flat  and  rectangular,  and  sometimes  fibrous.  It  is  distinctive  of  these  coals  to  burn  with  more  or  less  of  yellow 
bituminous  flame  and  smoke,  and  to  emit,  when  burning,  a  bituminous  odour.  In  proximate  composition — namely  in 
fixed  carbon  or  coke,  volatile  matter  or  combustible  gases,  and  earthy  sedimentary  residue  or  ashes — they  may  be 
regarded  as  ranging  between  the  following  general  limits  : — 


Fixed  carbon,  .  .  from  52  to  84  per  cent. 
Volatile  matter,      .     „    12  „  48  „ 


Earthy  matter,  .  .  from  2  to  20  per  cent. 
Sulphur,   .       .       .     „    1  „    3  „ 


Dried  at  a  temperature  of  212°  F.,  they  yield  of  water  from  1  to  3  or  4  per  cent. 

The  proportion  of  earthy  matter  is  of  course  too  variable  to  have  a  maximum  limit  affixed  to  it,  as  all  the  kinds 
of  coal  may  by  impurities  graduate  into  carbonaceous  shales. 

In  ultimate  composition,  the  coals  of  this  class  may  be  recorded- as  ranging  approximately  nearly  thus  : — 


Carbon,       .       .       .    75  to  80  per  cent. 
Hydrogen,    .       .       .      5  „    6  „ 
Nitrogen,     ,       .       ,      1  „    2  „ 


Oxygen,  .       .       .       .   4    to  10  per  cent. 
Sulphur,.       .       .       .    0.4  „    3  „ 
Ash,       .       .       .       .    3     „  10  „ 


BITUMINOUS  COALS. 

Caking  Coal. — This  very  common  variety  of  bituminous  coal,  when  put  in  the  fire,  breaks  into  a  number  of 
fragments ;  as  it  becomes  more  heated,  these  fragments  melt,  and  run  into  a  mass  or  cake,  which,  as  the  heat  increases, 
emits  from  its  interior  jets  of  inflammable  gas,  leaving  a  very  porous  coke  or  cinder. 


HYDROGENOUS  COAL. 
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The  colour  of  this  coal  is  a  velvet  black,  streaked  with  greyish  black ;  the  lustre  shining  and  resinous. 
The  longitudinal  fracture  is  straight  and  slaty ;  the  cross-fracture  partly  small-grained  and  uneven  when  the 
lustre  is  dull  and  glistening,  and  small  conchoidal  when  the  lustre  is  brighter.  It  is  soft  and  easily  broken,  the  frag- 
ments assuming  a  cubical  shape.  It  readily  soils  the  fingers,  and  makes  a  distinct  streak  on  paper.  Specific 
gravity,  1.269. 

This  is  one  of  the  most  commonly  used  English  coals.  It  readily  ignites,  and  burns  with  a  lively  yellow  flame. 
It  is  lasting,  and  gives  out  a  steady  heat ;  but  fi'om  its  property  of  fusing  into  cakes  or  masses,  it  requires  to  be 
frequently  stirred,  so  as  to  admit  the  air  into  the  interior  of  the  masses.  The  best  qualities  contain  76  per  cent  carbon, 
5  hydrogen,  and  leave  1^  ash. 

Clie)-ry  Coal. — This  coal  in  appearance  nearly  resembles  caking  coal.  The  colour  is  a  velvet  black,  with  an  admix- 
ture of  grey ;  the  lustre  is  resinous,  sometimes  dull,  in  other  cases  shining.  The  longitudinal  fracture  is  slaty,  the 
plates  having  a  varying  lustre ;  its  cross-fracture  is  usually  flat  conchoidal.  It  readily  splits  into  rectangular  fragments, 
approaching  a  cubical  form,  and  is  so  frangible  as  to  break  down  into  a  great  amount  of  waste.  When  exposed  to  heat, 
it  does  not  run  into  cakes,  but  readily  ignites,  and  burns  with  a  clear  yellow  flame,  giving  out  much  heat,  but  consumes 
faster  than  either  caking  or  splint  coal.  It  in  general  contains  more  carbon  and  hydrogen  than  the  caking  coal,  and 
leaves  about  10  per  cent  of  ash.  It  is  a  very  abundant  coal,  and  is  extensively  used  as  an  article  of  fuel.  It  is  called 
cherry  by  the  miners,  from  its  lustre  and  beauty.    Specific  gravity,  1.265. 

Splint  Coal — Slate  Coal. — The  colour  is  black,  with  a  shade  of  brown ;  lustre  resinous,  dull,  glistening.  The 
longitudinal  fracture  is  imperfect,  curved,  slaty ;  the  cross-fractme  fine-grained,  uneven,  and  splintery.  In  mass  it  is 
not  easily  broken.  Between  the  splint  coal,  thin  layers  of  cherry  coal  frequently  intervene,  which  are  distinguished  by 
their  superior  lustre.  Splint  coal  requires  more  heat  to  ignite  it  than  either  caking  or  cherry  coal ;  but  it  then 
bm-ns  with  a  dm-able,  steady  heat.  The  best  qualities  leave  about  9  per  cent  of  ash,  but  inferior  kinds  a  much 
greater  amount.  Splint  coal  is  of  various  qualities,  and  is  extensively  used  for  economical  purposes.  Specific 
gravity,  1.290. 

HYDROGENOUS  COAL. 

The  varieties  grouped  under  this  head,  from  the  amount  of  combustible  matter  which  they  contain,  and  the 
readiness  with  which  this  is  given  off  in  combustion,  have  by  the  miners  obtained  the  name  of  cannel  or  candle  coal, 
pieces  of  the  coal,  when  ignited,  giving  out  a  flame  like  that  of  a  candle.  When  a  large  piece  of  this  coal  is  put  in  the 
fire,  it  splits  up  into  fragments  with  a  crackling  noise,  somewhat  like  the  chattering  of  a  parrot ;  hence  also  the 
provincial  name  of  parrot  coals. 

The  general  aspect  of  the  hydrogenous  coals  is  that  of  a  dark  compact  mass  of  a  black,  brown,  or  gi'eyish  colour  ; 
a  resinous  lustre,  sometimes  dull,  sometimes  glistening.  The  fracture  is  sometimes  slaty,  or  flat  conchoidal.  The 
surface  is  softish,  may  be  easily  marked  with  a  sharp-edged  instrument,  and  in  many  of  the  varieties  (especially  in  jet) 
takes  a  good  polish.  They  break  up  into  ft-agments  of  various  forms, — sometimes  approaching  the  cuboidal,  sometimes 
flat  wedge-shaped,  and  in  others  quite  irregular.    Specific  gravity,  1.272. 

These  coals  are  distinguished  by  the  amount  of  volatile  combustible  matter,  which  varies  in  the  different  qualities 
from  30  to  70  per  cent.  In  a  common  fire  they  burn  away  quickly,  with  much  flame  and  smoke,  but  impart  little 
heat.    The  richest  hydrogenous  coals  are  those  of  Lesmahago,  Capeldrac,  Methil,  and  Torbanehill  in  Scotland. 

The  Toi'banehill  coal,  when  treated  in  a  particular  mode  of  distillation,  yields  also  a  peculiar  oil,  called  paraffine. 

The  Torbanehill  coal-seam  is  from  2  to  4  feet  in  thickness,  and  lies  above  a  seam  of  common  splint-coal,  with  a  bed 
of  ironstone  intervening. 

Most  of  the  varieties  of  cannel  coals  are  more  or  less  employed  for  the  manufacture  of  gas,  tliose  in  which 
hydrogen  bears  a  high  proportion  to  oxygen  being  the  best.  Those  also  which  are  free  from  sulphur  or  iron-pyrites 
are  also  preferred. 

From  the  Torbanehill  coal  14,000  cubic  feet  is  obtained  per  ton, occasionally  16,000  to  18,000  feet;  the  Wigan  yields 
11,500  cubic  feet. 

The  best  Wigan  cannel  yields  10  per  cent  of  the  heavy  carburetted  hydrogen,  a  highly-iUuminating  gas ;  the 
Torbanehill  yields  20  per  cent  of  the  same  gas,  and  occasionally  even  more. 
The  best  gas-yielding  coals  yield  the  best  coke. 

The  minimum  yield  of  gas  from  cannel  coals  is  9000  cubic  feet  per  ton. 

CAUSES  OF  THE  GRADATIONS  IN  COAL. 

Corresponding  with  the  progressive  augmentation  N.W.  of  bituminous  matter  in  the  coals  of  the  whole  Appala- 
chian chain,  is  a  gradual  but  perceptible  increase  of  volatile  constituents  in  the  anthracites  of  Pennsylvania,  within  the 
more  restricted  limits  which  they  occupy.    In  this  part  of  the  chain,  however,  the  direction  of  the  maximum  rate  of 
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softening  of  the  coal,  and  introduction  of  volatile  and  bituminous  matters,  ^\-ould  seem  to  be  nearly  due  W.,  or  perhaps 
more  exactly  towards  the  W.N.W.  The  gradation  will  be  found  to  be  not  absolutely  regular,  but  to  fluctuate  within 
quite  narrow  extremes,  as  might  be  anticipated  from  the  very  obvious  relation  of  the  degi-ee  of  de-bituminisation,  to  the 
varying  degrees  of  heat  and  disturbance  which  have  locally  affected  the  strata.  Even  in  the  same  locality,  the  closely- 
adjacent  beds  will  differ  by  2  or  3  per  cent  in  their  quantity  of  volatile  matter. 

Surveying  the  whole  anthracite  coal-field,  and  comparing  the  coals  in  their  average  composition,  we  find  that  from 
the  Lehigh  and  the  Lackawanna  streams,  AV.  to  Black  Spring  Gap  in  Dauphin,  and  to  Shamokiu,  their  usual  pro- 
portion of  total  volatile  matter  is  about  o  per  cent.  Of  this,  generally  one  and  a  half  per  cent  is  moisture,  and  the 
other  3  or  4  per  cent  hydrogen,  oxygen,  nitrogen,  and  other  gases.  The  coal  between  these  limits  may  be  all 
classed  under  the  one  denomination  of  genuine  or  hard  anthracite.  But  for  a  few  miles  from  the  meridian  mentioned, 
extending  in  the  Southern  Basin  from  Black  Spring  Gap  to  near  Rausch  Gap  of  Stony  Creek,  and  in  the  Wiconisco 
Basin  from  Klinger's  Gap  W.,  and  in  the  Shamokin  Basin  from  a  little  W.  of  Shamokin  Gap  to  the  extreme  W.  end  of 
that  basin,  the  coals  show  a  gradual  but  decided  increase  in  their  quantity  of  volatile  matter,  with  a  progressive 
departure  from  the  characteristic  hardness,  lustre,  and  colour  of  the  true  anthracites.  These  are  the  limits  of  what  I 
have  termed  the  semi-anthracites,  which  are  nowhere  so  well  characterised,  so  well  developed,  and  so  accessible,  as  in 
the  Shamokin  Basin,  for  2  or  3  miles  both  E.  and  W.  of  Zerbe's  Gap,  near  Trevorton.  Between  the  meridians 
now  defined,  the  average  amount  of  volatile  matter  in  the  coal  is  about  9  per  cent,  some  G  or  7  per  cent  of 
which  is  combustible  gaseous  matter,  and  the  rest  is  moisture  and  non-combustible  gases.  As  already  mentioned,  these 
gaseous  anthracites  ai'e  traversed  by  more  numerous  fissures  than  the  harder  kinds  farther  E.,  and,  as  a  consequence, 
their  mode  of  burning  is  essentially  different.  A  very  regular  gradation  in  the  increasing  frequency  of  the  little  joints 
alluded  to,  is  perceptible  in  tracing  these  coals  from  where  they  merge  into  the  compact  anthracites  on  the  one  side,  to 
where  they  pass  into  the  semi-bituminous  coals  on  the  other.  From  a  third  to  a  half  of  an  inch  is  the  prevailing  distance 
which  separates  the  cracks  in  the  genuine  semi-anthracites  of  Zerbe's  Gap,  those  of  the  W.  end  of  the  Wiconisco  Basin,  and 
those  of  the  E.  part  of  the  Dauphin  Basin  ;  and  it  is  an  interesting  fact,  that  they  are  almost  absolutely  parallel  with  each 
other,  and  constitute  but  one'set  or  system  of  joints,  whereas  the  softer  semi-bituminous  coals  are  traversed  perpendicu- 
larly to  the  lamination  of  the  coal  by  two  or  more  sets  of  still  more  closely  adjacent  fissures,  by  which  their  laminae  are 
throughout  extensive  districts  rendered  minutely  columnar.  The  economic  considerations  connected  with  the  respective 
effects  of  these  modes  of  Assuring,  will  be  discussed  in  another  section  of  this  paper. 

From  about  2  miles  E.  of  Yellow  Spring  Gap  of  Stony  Creek,  W.  along  the  Dauphin  Basin  to  its  termination 
within  10  miles  of  the  Susquehanna,  the  proportion  of  bitumen  in  the  coal  increases  from  an  average  of  10  per  cent 
to  an  average  of  14  or  15  per  cent,  fluctuating  in  the  different  beds  from  8  to  12  per  cent  at  the  Eastern 
end  of  this  belt,  and  from  13  to  14  at  the  Western;  this  range  includes,  then,  the  drier  class  of  semi-bituminous 
coals,  and  towards  its  E.  limit  some  true  semi-anthracites.  And  the  same  seams  which  at  Yellow  Spring  Gap  are  dry 
semi-bituminous  coals,  are  all  of  them  semi-anthracites  at  Rausch  Gap,  only  4J-  miles  farther  E.  Into  the  question  of 
the  sources  of  this  difference  in  the  amount  of  volatile  matter  remaining  in  different  closely-contiguous  coals  of  any 
group,  either  semi-bituminous  or  bituminous,  I  shall  not  here  enter,  as  this  is  not  a  point  of  any  obvious  practical 
moment. 

By  the  foregoing  description  of  the  progress  of  the  gradation  in  bituminous  matter,  it  appears  that  in  the  Dauphin 
Basin  the  transition  to  semi-anthracite  commences  somewhat  earlier  in  this  Southern  coal-field,  and  in  the  Shamokiu 
Basin,  than  it  does  in  the  Wiconisco  coal-valley,  where  this  variety  is  confined  almost  to  the  W.  end  of  the  trough.  It 
is  also  shown  that  the  semi-bituminous  coals  are  found  only  in  the  Southern  Basin,  and  that  the  ti'ansition  fi-om  the 
semi-anthracites  to  these  there  takes  place,  considerably  East  of  the  Westernmost  meridian  of  the  semi-anthracites  of  the 
two  other  basins.  Had  the  Zerbe's  Run  Coal  Valley  been  prolonged  but  a  very  few  miles  farther  W.,  the  present  rapid 
increase  in  that  direction  of  the  volatile  matter  in  this  coal  shows  that  it  too  would  have  included  the  semi-bituminous 
class. 

The  causes  not  only  of  the  general  gradation  in  composition,  but  of  the  local  dift'erences  in  the  progress  of  this  curi- 
ous transition  in  the  bitumen  above  described,  are  plainly  indicated  in  the  particular  geological  structure  of  the  respec- 
tive coal-fields.  Applying  the  theory  of  the  cause  of  the  de-bituminisation  of  our  coals  to  the  inequalities  of  composition,  it 
is  important  to  observe,  that  the  phenomena  are  truly  those  of  a  baking  and  metamorphism  of  all  the  strata  by  an  intense 
and  pervading  heat ;  that  this  heat  has  obviously  been  in  greater  excess  in  the  E.  than  in  the  W.  tracts  of  the  anthra- 
cite country,  and  has  been  even  differently  operative,  upon  the  different  beds  of  coal,  in  proportion  as  these  were  encased 
in  more  or  less  conducting  strata,  or  in  strata  more  or  less  pervious  to  the  escaping  volatilising  gases  and  bitumen. 
Independently  of  the  satisfactory  evidence  presented  by  the  transition  of  the  coal  itself,  we  have  proofs,  in  the  altered 
character  of  the  other  members  of  the  formation — the  shales  and  sandstones — and  in  the  conditions  of  the  rocks  external 
to  the  coal-basins,  that  the  igneous  action  was  most  intense  towards  the  E.  In  that  quarter  the  shales  or  mud-rocks 
of  the  Kittatinuy  Valley  have  been  so  thoroughly  baked  as  to  have  been  converted  into  roofing-slate ;  and  not  only 
this  formation,  but  all  the  other  strata  from  the  Schuylkill  and  the  Lehigh  to  the  Delaware  rivers,  are  traversed  by  a 
system  of  close-set,  parallel,  uniformly-dipping  cleavage-planes,  in  token,  not  to  be  overlooked,  that  the  drying  and 
polarising  agency  of  internal  heat  was  here  exerted  in  its  fullest  energy.    Westward  from  the  sources  of  the  Schuylkill, 
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both  within  and  outside  of  the  coal-fields,  the  parallel  South-east-dipping  cleavage  pervades  the  argillaceous  masses  in  a 
constantly-declining  degree,  so  that  the  same  rocks  which  near  the  Lehigh  are  almost  indefinitely  divisible  into  thin 
parallel  slates,  have  had,  in  the  country  between  the  Schuylkill  and  the  Susquehanna,  this  polarity  less  intensely  imparted 
to  them,  and  break,  by  two  or  three  intersecting  sets  of  planes,  either  into  rhombs  or  elongated  horizontal  pencils.  This 
declension  in  the  metamorphism  of  the  shales  or  mud -rocks  is  in  parallelism  with  the  similar  change  in  the  cleavage  of 
the  coal  itself,  which,  in  the  anthracites  and  semi-anthracites,  occurs  only  in  one  direction,  and  is  parallel,  and  in  the 
softer  semi-bituminous  variety  in  two  or  more  intersecting  directions,  resulting  in  a  columnar  fracture. 

But  we  have  still  more  positive  proof  of  the  truth  of  the  view  here  taken,  that  the  E.  portions  of  these  anthracite 
fields  were  more  invaded  than  the  W.  by  volcanic  heat,  in  the  fact  that  it  is  only  adjacent  to  the  former  that  any 
igneous  mineral  dykes  or  veins  of  molten  matter,  injected  during  the  elevation  of  the  coal  strata,  burst  through  the 
crust  to  the  surface.  Along  the  chain  of  the  South  Mountains  or  Highlands,  from  the  Delaware  to  the  Schuylkill,  occur 
numerous  intrusive  dykes  of  magnetic  iron-ore,  greenstone,  and  other  igneous  rocks ;  while  in  the  humbler  range  of 
hills  scattered  between  the  Schuylkill  and  the  Susquehanna,  these  injections  are  much  more  rare.  In  the  E,  quarter, 
therefore,  the  earth  was  far  more  violently  rent  than  in  the  W.,  and  we  are  conducted  to  the  almost  necessary  inference, 
that  the  districts  respectively  opposite  these  differently  disturbed  and  heated  belts  were  themselves  in  a  somewhat 
corresponding  degree  differently  heated  ;  for  although  not  a  single  intrusive  vein  or  dyke  is  to  be  met  with  in  all  the 
anthracite  country,  there  evidently  issued  through  the  coal  strata  a  copious  efflux  of  hot  volcanic  gases  and  steam  by 
the  dissimilar  heating  and  distilling  power  of  which,  in  the  different  districts,  the  coal  itself  was  variously  de-bitumin- 
ised  and  metamorphosed. 


COXDITIONS  IN  THE  COMPOSITION  AND  STRUCTURE  OF  COAL  AFFECTING 

ITS  ECONOMIC  YALUE. 

It  will  assist  us  to  estimate  more  correctly  the  relative  practical  values  of  different  coals,  if  we  consider  the  various 
qualities  which  good  coals  should  possess,  and  the  extent  to  which  certain  conditions  in  their  constitution  influence 
their  efficiency  as  fuels. 

The  chief  useful  applications  of  coal,  at  the  present  day,  are — to  the  warming  of  houses,  the  generating  of  steam, 
the  smelting  of  iron  and  some  other  substances,  the  burning  of  bricks  and  lime,  and  the  manufacture  of  illuminating 
gas. 

For  all  these  and  simdry  other  uses,  excepting  the  making  of  gas,  the  semi-anthracites,  it  is  conceived,  will  be  found 
quite  as  well  suited  as  the  hard,  diy  anthracites,  while  they  are  undoubtedly  even  better  adapted  to  some  particular 
applications. 

A  good  anthracite,  for  domestic  purposes,  should  be  as  free  as  possible  from  sulphur  and  from  mites,  and  it  should 
ignite  readily,  and  maintain  its  own  combustion  until  entirely  consumed,  and  not  imder  too  intense  a  temperature.  A 
most  essential  requisite  to  the  health  and  comfort  of  all  communities,  living  in  cool  and  especially  in  variable  climates,  is 
the  maintenance  of  a  tolerably  uniform  in-door  temperature ;  but  it  must  be  acknowledged  that  the  harder  anthracites, 
burned  in  the  crude  and  unscientific  modes  almost  univei'sally  in  practice,  absolutely  resist  control  in  this  respect.  When 
fully  kindled,  in  quantity  enough  to  make  a  lasting  fire,  either  in  an  open  grate  or  a  stove,  almost  any  compact  anthra- 
cite will  beat  the  space  around  it  to  excess,  and  moreover,  cause  a  dryness  in  the  air,  which  is  extremely  unwholesome. 
These  coals  can  only  burn  at  a  very  elevated  temperature,  and  with  an  abundant  admission  of  atmospheric  air,  and  they 
therefore  oppose  much  difficulty  to  all  attempts,  unless  made  with  very  exact  adjustments,  at  restraining  their  combus- 
tion to  the  satisfactory  point  of  a  low  mild  heat. 

The  semi-anthracites  are  susceptible  in  this  respect  of  much  more  easy  management.  Under  a  strong  draught, 
which  they  require  for  full  activity  of  combustion,  these  coals  (as  our  Table  of  comparative  results  will  show)  burn  quite 
as  fast,  and  create  as  extreme  a  heat,  as  do  the  hardest  anthracites ;  but  with  the  ordinary  supplies  of  air,  they  consuilie 
slowly,  and  give  off  only  a  moderate  and  comfortable  temperature. 

The  chief  reason  of  this  difference  is,  in  their  readily  breaking  into  small  fragments  on  the  fire,  and  damping  thereby 
the  draught  by  the  increased  ft-iction  which  the  air  encounters.  AVhen  the  current  of  air,  on  the  contrary,  is  strong, 
the  effect  of  the  greatly-extended  surface  resulting  from  this  subdivision  overrules  the  influence  of  the  friction,  and  these 
coals  then  burn  with  a  rapidity  and  an  intensity  of  heat  which  give  to  them  an  efficiency  for  other  purposes,  decidedly 
superior  to  that  of  any  but  the  very  purest  and  quickest-burning  among  the  true  anthracites.  The  greater  amenability 
to  control  of  the  softer  coal,  compared  with  that  of  hard  refractory  anthracites,  renders  it  especially  well  suited  for 
domestic  consumption  in  stoves  and  cellar  furnaces,  as  already  amply  demonstrated  by  nimierous  and  protracted  trials.  In 
these  arrangements  it  is  altogether  more  easy  with  it  than  with  common  hard  coal  to  maintain  a  steady  and  sufficient  tern- 
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peraturo  in  au  apartment  or  throughout  a  house  for  many  hours  together,  or  even  a  whole  day  and  night,  without  a 
renewal  of  the  fuel.  Its  important  property  of  burning  at  a  relatively  lower  temperatnre  keeps  it  enkindled  to  the  lastj 
and,  as  a  consequence,  it  leaves  behind  it  aft^r  combustion  almost  no  unburned  residuum.  Not  so  with  the  densest  dry 
anthracites.  These  rage  for  a  while  under  a  moderate  strength  of  draught,  and  then,  at  a  point  much  short  of  entire 
consumption,  they  die  out  from  decline  of  temperature,  leaving  a  serious  amount  of  fuel  wasted,  and  causing  in  house- 
hold economy  no  trivial  inconvenience.  To  obviate  this  form  of  waste  and  extra  labour,  the  fires  are  replenished  with 
fresh  fuel  when  it  is  not  required,  and  then  an  almost  insupiiortable  heat  is  created,  while  a  still  lai'ger  waste,  with  much 
increased  discomfort,  are  the  consequences. 

Another  material  point  of  difference  in  the  fitness  of  the  two  classes  of  anthracites  for  domestic  use,  when  burned  in 
open  fires,  is  in  their  sensibly  dissimilar  influence  on  the  dryness  of  the  surrounding  air.  The  atmospheric  moistui-e 
exists  as  an  independent  gas,  inter-diffused  with  the  other  less  variable  elements  of  the  air.  Any  local  source  of 
aqueous  evaporation,  or  of  chemical  production  of  water,  as  in  the  combustion  of  wood  or  of  bituminous  coal,  suffices 
to  spread  a  more  or  less  diffused  humidity  throughout  the  rest  of  the  space,  by  virtue  merely  of  the  power  inherent  in 
every  vapour  and  gas  to  diffuse  itself  among  the  others,  uninfluenced  by  mechanical  currents.  Thus  an  actively-blazing 
wood  fire,  by  producing  a  copious  supply  of  watery  vapour  in  its  smoke,  serves  slightly  to  moisten  the  atmosphere  around, 
because,  notwithstanding  that  the  flow  of  air  is  towards  the  fireplace,  the  humid  particles  percolate  through  the  cuiTcnt 
by  a  more  active  force  in  the  opposite  direction.  But  such  is  not  the  case  where  a  fuel,  like  a  hard  dry  anthracite,  is 
burning  in  presence  of  the  atmosphere  of  the  room.  Being  almost  destitute  of  hydi'ogen,  it  develops  by  its  combustion 
little  or  no  water,  while  at  the  same  time  it  creates  a  great  avidity  for  moisture  in  its  own  smoke,  and  in  the  air  around 
it,  by  the  high  temperature  to  which  it  heats  these.  It  therefore  occasions  a  filtration  or  diffused  movement  of  the 
wateiy  particles  of  the  atmosphere  of  the  room  towards  the  fireplace,  and  not  from  it.  A  mass  of  such  fuel  ignited  is, 
in  other  words,  an  absorbing  vacuum  for  moisture,  while  a  blazing  wood  or  bituminous  fire  is  a  dispersing  plenum.  In  this 
opposite  action  of  the  two  kinds  of  fuel,  we  find  the  explanation  of  the  obvious  and  acknowledged  difierence,  in  the 
agreeableness  and  wholesomeness  of  their  respective  open  fires. 

Now  it  is  deserving  of  remark,  that  this  detrimental  drying  action  of  the  anthracites  is  possessed  in  a  decidedly 
smaller  share  by  the  soft,  free-burning,  and  gaseous  semi-anthracites,  several  of  the  characteristics  of  which  depend  on 
their  containing  a  sensible  proportion,  often  one  half  as  much  as  belongs  to  bituminous  coals,  of  the  important  moisture- 
producing  element,  hydrogen.  All  tlie  non-bituminous  coals  desiccate  the  air  too  much  ;  but  tliese  do  this  least,  and 
wiU  be  found,  upon  this  account,  decidedly  the  most  wholesome  class,  if  open  fires  are  used. 

Another  very  important  application  of  fuel  is  the  development  of  steam,  either  for  warming  buildings  or  propelling 
machinery.  In  this  latter  function,  as  the  foremost  of  all  the  agents  employed  by  civilised  man  for  his  industrial  ends, 
and  as  incomparably  the  most  condensed  form  of  mechanical  power  which  he  can  hope  to  wield,  coal  is  rapidly  becoming 
the  chief  material  minister  to  human  progress.  Whatever,  therefore,  relates  to  a  correct  theoiy  and  pi-actice  in  apply- 
ing it  to  steam,  must  be  regarded  as  of  paramount  interest.  Any  careful  experimental  inquiry  into  the  properties  and 
relative  value  of  the  semi-anthracites — a  variety  hitherto  but  little  investigated — is  therefore,  upon  general  considera- 
tions, no  less  than  local  ones,  deserving  of  attention. 

The  principal  requisites  of  a  good  fuel  for  steam  purposes  are  easily  enumerated. 

1.  It  should  possess  a  higli  absolute  evaporative  power. 

2.  It  should  at  the  same  time,  as  far  as  is  compatible  with  the  foregoing  property,  kindle  readily,  and  burn  with 
great  celerity,  generating  a  large  body  of  steam  in  a  short  time. 

3.  It  should  be  easily  managed,  and  steady  in  its  combustion,  and  to  this  end  its  ashes  or  earthy  matter  shoiUd  tend 
as  little  as  possible,  to  choke  the  draught  of  the  grate  by  fusing,  even  at  an  extreme  heat,  into  an  adhesive  cUnker. 

4.  The  fuel  should  be  free  from  any  excess  of  incombustible  matter,  as  this,  all  other  things  being  the  same,  will 
materially  impair  its  efficiency ;  and  its  ashes  should  produce  but  little  clinker. 

5.  It  should  be  exempt  from  any  considerable  amount  of  sulphur,  for  this  tends  to  corrode  the  flues,  and  is  other- 
wise detrimental. 

6.  Whatever  volatile  matters  it  possesses  should  not  be  bituminous,  but  should  be  in  the  condition  of  the  free  gases, 
susceptible  of  ignition  or  disengagement  without  smoke  ;  and  these  volatile  matters  should  not  exist  in  any  gi-eater 
amount  than  will  suffice  to  give  rapidity  of  combustion  to  the  fuel ;  any  larger  proportion  is  at  the  expense  of  its  heat- 
ing power. 

7.  A  fuel  should  not  be  too  cohesive  and  refractory  on  the  fire,  nor  yet  too  tender  and  divisible.  In  the  one  case  its 
combustion  will  be  slow  and  iiTcgular,  and  in  tlie  other  it  will  be  still  slower  for  want  of  the  requisite  draught.  A 
certain  degi-ee  of  spontaneous  frangibility,  such  as  is  shared  by  some  of  the  less-resisting  anthracites,  and  by  many  of 
the  firmer  semi-anthracites,  appears  fi-om  practice  and  experiment  to  be  the  structure  best  suited  to  extreme  vigour  and 
steadiness  of  combustion. 

8.  For  certain  purposes  of  domestic  consumption,  coals  should  be  capable  of  sustaining  a  mild  and  steady  combus- 
tion, and  of  remaining  ignited  at  a  low  temperature  with  a  comparatively  feeble  draught. 

9.  For  certain  uses,  it  is  important  that  a  coal  should  unite  with  a  high  evaporative  power  such  a  degree  of  density 
and  structure  combined,  as  will  enable  it  to  contain  a  relatively  large  amount  of  cai-bon  in  a  given  space.   This  capa- 
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bility  of  being  economically  stowed  or  packed  away,  is  a  point  of  daily-increasing  consideration.  The  difference  between 
the  least  and  the  most  stowable  anthracites,  is  as  much  as  16  per  cent,  and  between  the  closer-packing  anthracites  and 
the  lighter  and  more  open  bituminous  coals,  it  even  exceeds  20  per  cent. 

1 0.  It  is  likewise  desirable  that  a  coal  should  possess  sufficient  tenacity  in  the  lump,  to  bear  the  abrasion  incident  to 
its  transportation,  without  serioiis  waste  by  reduction  to  fine  coal. 

These  are  the  principal  qualities  in  coals  which  materially  influence  their  economical  value.  No  one  variety  will 
ever  be  found  to  unite  them  all,  for  some  of  them  can  hardly  coexist  in  a  high  degree  in  the  same  specimen.  The 
relative  worth  to  be  assigned  to  these  several  desiderata,  is  itself  variable  with  the  uses  to  which  the  fuel  is  to  be  applied. 
But  having  a  specific  application  in  view,  it  is  easy  to  ascertain  what  union  of  compatible  qualities  will  insure  to  a  coal 
the  highest  possible  efficiency.  This  once  determined  on,  the  records  of  judiciously-conducted  practical  experiments 
will  then  prove  the  proper  guide  in  selecting  the  kinds  required. 

If  I  now  present  a  condensed  synoptic  view  of  the  composition  and  comparative  efficiency  of  a  number  of  well-known 
and  characteristic  American  and  British  coals,  derived  from  the  able  experiments  of  De  la  Beche  and  Playfair,  and  the 
full  and  careful  reseai'ches  of  Johnson,  and  from  our  own  trials,  the  reader  will  have  before  him  all  the  data  necessary 
for  determining  the  general  relative  excellence  of  the  several  species,  and  the  rank  which  each  particular  coal  can  claim, 
when  measured  by  either  of  the  practical  standards  established. 

In  offering  this  tabular  statement,  it  is  expedient  to  remark,  that  in  all  such  comparative  estimates  of  tlie  values  of 
different  fuels,  strict  impartiality  .and  accuracy  require  that  the  conditions  under  which  the  different  varieties  are  tested, 
should  be  modified,  as  far  as  possible,  to  meet  their  individual  peculiarities.  A  just  comparative  view  will  embrace  not 
merely  a  faithful  account  of  the  chemical  and  physical  characters  of  the  several  coals,  but  the  results  of  sundry  trials  of 
their  efficiency  in  numerous  modes  of  their  application,  as  in  warming,  generating  steam,  and  smelting,  and  with  the 
circumstances  variously  adapted  to  bring  out  the  fullest  economy  and  power  of  each  kind  of  fuel.  Our  own  investigation 
of  the  semi-anthracites*  embraced,  together  with  a  chemical  analysis  of  several  average  specimens,  a  determination  of  their 
usual  specific  gravity  and  power  of  being  economically  stowed,  and  in  addition,  many  comparative  trials  of  the  combus- 
tible efficiency  of  the  coal  in  open  fires  and  stoves,  and  under  a  set  of  four  well-arranged  steam-boilers.  No  actual 
experience  has  yet  been  had  touching  the  suitableness  of  the  semi-anthracites  to  the  various  processes  of  iron-making, 
but  several  important  inferences  may  be  deduced  from  what  has  been  ascertained  of  their  composition  and  structure, 
and  their  fitness  for  other  uses,  involving  the  same  combination  of  qualities  essential  to  a  good  smeltiug-coal. 

In  the  experiments  made  upon  the  evaporating  power  of  the  coals,  due  care  was  observed  to  insure  comparable 
results,  so  far  as  was  practicable,  upon  good  boilers,  without  any  special  adjustments  for  adaptation  to  differences  in  the 
fuels  and  working  for  a  copious  production  of  steam.  As  the  furnaces  and  flues  connected  with  these  boilers  were 
planned  especially  to  meet  the  requirements  of  the  harder  kinds  of  anthracite — the  gTate  bars  being  three-fourths  of  an 
inch  apart — the  conditions  have  been  rather  adverse  than  otherwise  to  the  impartial  claims  of  the  semi-anthracites. 

It  will  be  seen  that  in  planning  and  conducting  these  researches,  we  have  not  aimed  at  any  extreme  scientific  pre- 
cision, or  even  at  procuring  results  by  perfection  in  the  apparatus  or  otherwise,  beyond  such  as  are  easily  obtainable  in 
the  way  of  good  daily  working  practice.  The  two  kinds  of  coal  were  deemed  sufficiently  alike,  after  all,  to  yield  approxi- 
mately comparable  values,  and  it  is  very  doubtful  whether  the  most  refined  apparatus,  unless  variously  adapted  to  the 
peculiarities  of  each  fuel,  where  the  coals  are  more  diversely  organised,  as  in  comparative  trials  between  the  bituminous  and 
anthracitic  varieties,  can  ever  exhibit  more  closely  than  ours  has  here  done  the  respective  merits  of  the  difiFerent  species. 

While,  therefore,  we  do  not  pretend  to  rank  our  experiments  with  the  above-mentioned  skilfully-conducted  observa- 
tions of  De  la  Beche  and  Playfair  and  their  assistants,  or  the  elaborate  researches  of  Professor  Johnson,  and  while  we 
are  aware  that  the  very  active  blast  we  used  was  incompatible  with  as  economical  a  combiistion  as  those  experimenters 
produced ;  we  are  content,  for  the  sake  of  affording  an  insight  into  the  relative  efficiency  of  the  semi-anthracites,  to 
tabulate  our  results  with  those  of  the  esteemed  authorities  we  have  named. 

The  design  of  the  General  Table  which  here  follows,  is  to  present  in  one  condensed  comparative  view  the  more  practi- 
cally important  physical  and  chemical  characters,  manner,  and  rate  of  burning,  and  evaporative  power  and  activity,  of 
the  chief  American  and  foreign  coals  hitherto  subjected  to  experiment;  and  to  show,  moreover,  by  a  series  of  impartial 
averages,  the  relations  to  each  other,  in  these  respects,  of  the  four  great  classes  into  which  the  coals  naturally  rank 
themselves. 

Let  us  now  review  concisely,  by  aid  of  the  following  Table,  the  relative  values  of  each  leading  class  of  coals.  In  this 
inquiry  it  will  be  proper  to  judge  of  the  rank  of  each  kind  of  coal  by  the  extent  to  which  it  possesses  the  several  qualities 
already  mentioned  as  the  chief  requisites  of  every  good  fuel.  But  it  must  be  carefully  borne  in  mind,  that,  though  the 
numerical  results  here  exhibited  offer  a  fair  approximate  measure  of  such  relative  rank,  they  are  not  to  be  adopted  in 
cei-tain  cases  without  allowance  for  the  modifying  influence  of  differences  in  the  modes  of  measuring  and  burning 
the  coals. 

*  See  Reports  on  the  Comhustihle  Qualities  of  the  ^emi-Anthmcites  of  the  fihamokin  Coal-jields.  By  Augustus  A.  Hates,  M.D.,  and 
Prof.  H.  D.  RoGEKS.    Boston  :  1851. 
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(showing  the  relative  properties  and  economic  rank  of  the  different  classes  of  coal). 


DENSITY. 

composition. 

CONDITIONS  OF  THE  COMBUSTION. 

EVAPORATION. 

!  RANK. 

1 

Names  of  Coals. 

SpcciAc 
gravity. 

Weight 
of  1  cubic 
toot 
brolien 
in  lb. 

Stowage 
of  1  ton 
in  cubic 
feet. 

Volume 
comb, 
matter  in 
100  parts. 

Fixed 
carbon  in 
100  parts 

Earthy 
matter  in 
100  parts. 

Weight  of 

Coals 
burned. 

Clinker 
alone 
from  100 
lb.  CoaL 

Total 
Waste  in 
Clinlier 
j  &  Ashes. 

Pounds 
burned 

on  sq.  ft. 
of  grate 

per  hour 

Hours 
required 
to  get  up 

full 
action. 

Pounds  of 
Water 
evaporated. 

Pounds 
of  Water 

evapd. 

from  212*" 
to  1  lb. 
Coal. 

Rate  of 

eraporation 
or  lb,  evpd. 
per  hour  to 

5<j.  ft.  et- 

j  In  the  order 

evaporative 
sp^d  and 
'  power  for 
equal  bullu. 

xvnoue  islana  (Hayes), 

1.79 

3.00 

77.00 

16.00 

10560. 

10.00 

10.90 

9.44 

63525.6 

7.40 

69.85 

Beaver  meadow — mean 
of  3  kinds  (Johnson), 

1.55 

55.06 

40.03 

2.52 

90.20 

6.13 

4009.5 

1.00 

9.35 

6.48 

3.15 

9.54 

61.82 

3403.80 

2 

Lehigh  (Johnson), .  . 

1.59 

55.32 

40.50 

5.28 

89.15 

5.56 

3838.2 

1.08 

7.22 

6.95 

3.27 

8.93 

61.16 

3383.31 

Forest  Improvement  (J.) 

1.47 

53.66 

41.75 

3.07 

90.70 

4.41 

3810. 

0.81 

6.97 

6.52 

3.32 

10.06 

65.69 

< 

Lackawanna  (Johnson), 

1.42 

48.89 

45.82 

3.91 

87.74 

6.35 

4112.5 

1.24 

8.93 

6.45 

2.67 

9.79 

63.15 

3087.40 

Mount  Lafiy  (Hayes  and 
Rogers),  .... 

AArpl*i}i    AntVivifitp  /T)a 

»T  ^i^U     ^111  LUl  til^l  IC7    t  X^C 

V    la  Beche  &  Playfair), 

1.54 
1.37 

53.50 
58.25 

41.87 
37.23 

5.50 

91.44 

1.52 

8100. 

largest  expt. 
34118. 

12.80 

19.00 
9.58 

9.23 

highest, 
lO.OO 

8.65 

63525. 

largest  expt 
2C16U. 

S.32 

highest. 
10.19 

9.46 

85.88 

highest  92.A2 
9.03  .\  lal9 

81.83 

4594. 6 

highest. 
1949.j 

Averages  of  the  4  first 
Penn.  Anthracites, 
with  Johnson's  appa- 

1.50 

53.23 

42.02 

3.69 

89.45 

5.61 

.044 

3964.5 

1.03 

8.12 

6.60 

3.10 

9.58 

62.93 

3349.8 

ll 

■Jl 

^prVip*^   T!tin  TYipTTi  nf 

a   111^(111  Oi 

5  trials  (Hay.  &  Rog.), 

Lykens  Valley  (John.), 

Dauphin,  Yellow  Spring 
(Rogers)  

1.40 
1.39 

53.73 
48.56 

41.69 
46.13 

7.31 
6.88 

11.00 

84.25 
83.84 

76.00 

6.11 
9.25 

12.10 

.000 

.091 

8000. 

largest  expt. 
26408. 

2471. 

3.45 
4.40 

11.70 
12.24 

9.26' 

hiehest, 
10.20 

6,92 

2.63 

64960. 

largest  expt. 
SS7127 

9.58 

highest, 
10.60 

9.46 

88.92 

highest, 
108.10 

65.46 

4777.4 

highest, 
S<H6  3 

1' 

Dauphin,  Rattling  Run 
Gap  (Johnson),  .  . 

Cumberland,  Md.-mean 
of  6  samples  (John.), 

1.44 
1.35 

50.54 
53.13 

44.32 

42  1 7 

13,57 
14.'0 

74.24 
73.95 

11.49 
10.41 

.269 

71  li 

3.50 

16.36 
10,70 

68,6 

0.83 

9.34 

highest, 
I/O 

64.07 
7n 

3238.09 
3764.26 

s 

Welsh  Semi-Bituminous 
— average  of  5  varie- 
ties *  (De  la  B.  &  PI.), 

1.33 

58.60 

13.4 

81.88 

4.72 

.610 

8.94 

84.5 

Averages  of  the  above 
Penn.  and  Md.  S.  B. 

^    Coals  (Johnson), 

1.39 

51.83 

43.24 

12.92 

74.73 

11.33 

.531 

3.31 

13.53 

6.98 

1.14 

9.66 

67.46 

3496.4 

Richmond  Va.  Cls.,  of 
the  Oolitic  Epoch — 
mean  of  1 1  Collieries 
(Johnson),     .    .  . 

1.34 

49.25 

45.71 

29.43 

58.10 

10.90 

1.232 

3606.4 

4.89 

11.78 

7.41 

1.33 

8.07 

59.80 

2945.15 

2  J 
2  \ 

Foreign  Coals — mean  of 
(j  kinds  t  (Johnson), 

1.34 

50.00 

44.86 

31.81 

57.66 

8.44 

0.433 

3247.7 

4.20 

8.71 

8.89 

0.93 

8.05 

71.56 

3578.00 

West  of  Alleghany  Mts. 
— mean  of  2  kinds  £ 
(Johnson)  .... 

Averages  of  the  above 
Bituminous  Coals,  . 

1.26 

1.31 
A 

47.23 

48.82 
B 

47.43 

46.00 
C 

30.28 

30.50 
D 

56.08 

57.38 
E 

G.02 

8.45 
F 

0.160 

0.608 
G 

2465. 

Cannelton. 

3106.3 
H 

1.28 

3.45 
I 

6.68 

9.05 
J 

11.09 

Cannettu. 

9.13 
K 

0.50 

Canneltn. 

0.92 
L 

M 

7.77 

ranneltn, 

7.96 
N 

81.40 

Caunelton. 

70.92 
0 

3844.50 

3456.0  ' 
P 

*  The  Coals  are,  Graigola,  Ward's  Fiery  Vein,  Binea,  Pentrefelin,  and  Duffryn. 
t  Pictou,  Sidney,  Cunard's  Pictou,  Liverpool,  Newcastle,  Scotch.                                }  Pittsburg,  Cann^Iton. 

The  Jirst  of  the  qualities  to  be  compared  is  that  of  divisibility  during  combustion.  This  pi-operty,  due  chiefly  to  the 
degree  in  which  the  respective  coals  are  intersected  by  joints,  but  due  also  in  part  to  a  condition  of  the  cohesive  force, 
and  to  a  low  power  of  conducting  heat,  as  in  unaimealed  glass,  is  possessed  in  the  least  share  by  the  more  compact  of 
the  anthracites,  and  reaches  its  maximum  in  the  softer  semi-anthracites.  In  the  semi-bituminous  coals  of  some  districts, 
that  of  the  Alleghany  Mountain,  for  example,  the  mere  mechanical  subdivision  by  innumerable  intersecting  cracks  is  in 
its  highest  excess,  and  leads  to  much  waste  under  severe  handling  and  rough  transportation ;  but  upon  the  fire  the  minute 
cubical  and  columnar  fragments  cohere  together  as  they  coke,  and  the  benefits  of  that  degree  of  dissolution,  seen  in  the 
free-burning  semi-anthracites,  are  to  a  great  degree  lost. 

It  has  been  already  stated  that  the  semi-authracites  of  the  W.  end  of  the  Shamokiu  Basin  show  the  advantages  in  a 
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sensible  degree  of  this  fissured  structure.  While  the  actual  heating  power  of  the  coal,  when  aided  by  a  proper  draught, 
is  not  at  all  impaired  by  it,  the  rate  of  the  combustion  and  evaporation  is  materially  hastened.  The  strong  cohesion  of 
the  true  anthracites,  and  the  agglutination  of  the  fragmentary  semi-bituminous  coals,  cause  these  in  different  ways  to 
retain  moi-e  of  the  lump  form  upon  the  fire,  but  the  semi-anthracite  opens  to  the  current  of  oxygen  a  prodigious  increase 
of  surface  for  combustion.  When  we  reflect  that  a  lump  of  fuel  burns  only  at  its  surface,  that  the  activity  of  the  com- 
bustion is  in  proportion — other  things  the  same — to  the  amount  of  oxygen  which  can  reach  an  equivalent  amount  of 
fuel  surface  in  a  given  time,  and  that  this  amount  augments  progressively  by  the  subdivision  of  the  fuel,  until  it  is 
checked  again  at  a  certain  point  by  the  retardation  of  the  draught  from  the  increased  friction — we  shall  comprehend  at 
once  why  a  particular  degree  of  divisibility  may  be  the  most  favourable  of  all  for  pi-oduciug  high  raj^idity  of  combustion. 
The  burning  of  carbon  in  atmospheric  air,  is  in  part  analogous  to  the  dissolving  of  any  other  solid  in  any  other  fluid. 
Chemically  regarded,  it  is  a  case  of  solution,  with  formation  of  new  compounds.  But  such  solution  is  notoriously  pro- 
moted and  hastened  by  subdivision  of  the  solid  body,  as  we  witness  in  the  everyday  practice  of  reducing  sugar,  salt,  and 
especially  the  substances  which  most  resist  dissolving,  to  small  fragments,  or  even  to  fine  powder. 

The  second  element  of  practical  value  in  the  coals,  the  first  introduced  into  the  Table,  is  their  capacity  for  econoriiical 
stoivaye,  deduced,  not  from  the  specific  gravity  of  solid  pieces,  but  from  the  ascertained  weight  of  a  cubic  foot  measure 
of  the  coal  in  broken  fragments  of  a  standard  size.  The  degree  of  compactness  into  which  a  coal  in  the  state  of  lumps 
will  stow  itself,  by  no  means  depends  altogether  on  its  specific  gravity.  It  is  largely  influenced  by  the  shapes  into 
which  the  coal  naturally  breaks  ;  those  varieties,  as  it  has  been  well  remarked,  packing  with  least  waste  or  intersticial 
space,  which  split  by  parallel  joints,  and  form  cubes  and  other  rectangular  figures  with  flat  surfaces.  And  again,  the 
total  quantity  of  efiicient  fuel  which  can  be  stowed  in  the  lump  form  in  a  given  bulk,  will  be  in  proportion,  not  simply 
to  its  weight  in  fragments  per  cubic  foot,  but  to  this  element,  and  that  of  its  purity  from  earthy  or  incombustible 
matters  combined.  The  present  condition  and  future  prospects  of  ocean  steam-navigation,  where  the  fuel-room  neces- 
sarily encroaches  so  largely  on  the  freight-room  of  the  steainers,  make  this  quality  of  stowing  closely,  an  element  of  great 
importance.  Indeed,  the  time  seems  fast  approaching,  when  no  other  coals  will  be  chosen  for  the  great  and  growing 
purpose  of  replacing  the  use  of  the  wind  upon  the  seas,  but  such  as  unite  in  the  highest  compatible  degree  the  three 
primary  qualities  of  dense  stowage  of  efficient  combustible  matter,  high  evaporative  power,  and  great  activity  of  combustion. 

It  will  be  seen,  upon  consulting  the  Table,  that  though  the  average  specific  gravity  of  the  hard  anthracites  of  Pennsj^l- 
vania  exceeds  that  of  the  semi-anthracites  in  the  ratio  of  1.50  to  1.40,  their  weight  per  cubic  foot,  in  the  broken  state, 
is  very  nearly  the  same,  their  capacity  for  stowage  being  in  the  near  proportion  of  41.69  to  42. 

Compared  with  the  semi-bituminous  coals,  the  semi-anthracites  show  an  almost  exactly  equal  power  of  packing, 
bearing  in  this  respect  to  the  average  of  the  Dauphin  and  the  Cumberland  semi-bituminous  coals  the  ratio  of  43.07  to 
43.24  cubic  feet  per  ton.  Here,  however,  it  requires  to  be  noticed,  that  diflerence  of  specific  gravity  enters  as  a  falla- 
cious element,  increasing  from  the  fact  of  the  superior  weight  of  slate  over  true  coal,  the  apparent  quantity  of  real  fuel 
in  the  cubic  foot  of  the  semi-bituminous  coal  beyond  its  actual  amount.  These  semi-bituminous  coals  exhibit  an  average 
of  11.33  per  cent  of  earthy  matter,  to  6.11  per  cent  in  the  semi-anthracite,  showing  a  decided  disparity  in  the  proportion 
of  effective  combustible  matter  which  the  ton  weight  of  each  will  stow.  Where  the  two  classes  are  of  equal  purity,  the 
semi-anthracites  will,  in  the  larger  majority  of  specimens,  be  found  to  be  the  heaviest,  and  to  occupy,  therefore,  either 
solid  or  when  broken,  the  least  bulk. 

Comparing  again  the  nearly  equal  powers  of  stowage  of  the  three  already-mentioned  classes  of  coals  with  that  of  the 
bituminous  coals,  both  domestic  and  foreign,  we  find  a  materially  greater  difference  ;  these  latter  requiring  on  an  average 
as  many  as  46  cubic  feet  to  hold  1  ton  of  the  fuel.  Between  the  densest  Beaver  Meadow  anthracites,  measuring  40 
cubic  feet  to  the  ton,  and  the  least  compact  Cannelton  bituminous  coal,  taking  rather  more  than  47.5  cubic  feel,  the 
excess  of  bulk  is  nearly  19  per  cent  above  the  first. 

It  will  be  seen  from  the  Table  that  the  Lackawanna  coal,  which,  when  pure,  approximates  sensibly  towards  the 
semi-anthracite  in  its  physical  structure,  is  not  only  light  in  the  solid  mass,  but  relatively  bulky  when  broken. 

The  figures  in  the  Table  indicating  the  weight  per  cubic  foot  of  the  Welsh  coals,  both  anthracite  and  semi-bitumin- 
ous, so  far  exceed  those  for  the  American  coals  of  the  same  classes,  and  differ,  moreover,  so  widely  in  their  ratios  to  the 
corresponding  specific  gravities  of  the  coals  themselves,  when  compared  to  the  ratios  of  the  cubic-foot  weights  of  the 
American  coals  to  their  specific  gravities,  that  we  are  compelled  to  infer  that  the  mode  of  estimating  the  cubic  foot  of 
lump  coal  by  the  British  experimenters  was  essentially  diiferent  from  that  adopted  iu  this  country  by  Professor  John- 
son and  ourselves.  In  no  other  way  can  we  account  for  the  large  disparity  exhibited.  This  is  so  serious,  considering 
the  lightness,  by  specific  gravity,  of  the  Welsh  specimens,  that  it  will  be  safest  not  to  attempt  any  comparison  here 
between  either  the  stowage  of  the  corresponding  coals  of  the  two  countries,  or  between  the  rank  they  respectively  hold  in 
the  oi-der  of  their  evaporative  power  for  equal  bulks,  which  includes  the  former  as  one  of  its  elements. 

The  third  important  relationship  of  the  coals  to  each  other,  exhibited  by  the  numbers  in  the  Table,  is  that  of  their 
composition,  as  determined  by  proximate  analysis,  defining  the  proportions  respectively  of  the  volatile  combustible 
matter,  the  fixed  carbon,  and  the  earthy  or  incombustible  residue.    In  this  aspect,  it  will  be  seen  that  the  four  several 
classes  of  coals  display  a  regular  augmentation  in  the  average  per-centage  of  the  volatile  combustible  matter,  this  beinc^ 
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about  3  1-2,  7  1-3,  13,  and  30,  in  anthracites,  semi-anthracites,  semi-bituminous,  and  bituminous  varieties  respectively. 
Tiie  corresponding  declension  in  the  amount  of  the  fixed  carbon  is  represented  by  the  numbers  89  1-2,  84  1-4,  74  3-4, 
and  57  1-3  ;  while  the  incombustible  or  earthy  matter  is  in  no  established  proportion  or  gradation,  but  varies  with  the 
individual  coal-seams,  and  even,  in  fact,  with  their  different  subdivisions.  Nevertheless  it  will  be  noticed  as  a  general 
feature,  that  the  anthracites  and  semi-anthracites  of  the  Table  are  decidedly  purer  than  the  two  bituminous  classes. 

An  analysis  of  a  coal  into  its  ultimate  elements  shows  that  its  combustible  matter,  consisting  of  carbon,  hydrogen, 
oxygen,  and  nitrogen,  embraces,  except  in  the  dryest  anthracites,  invariably  a  larger  amount  of  carbon  than  is  ever  left 
in  the  form  of  coke  when  the  volatilisable  portions  are  distilled  or  burned  away.  The  cause  of  this  is,  that  a  part  of 
the  gases  are  in  chemical  combination  with  a  portion  of  the  carbon,  while  another  part,  especially  the  hydrogen  and 
oxygen,  though  probably  in  a  free  state  in  the  pores  of  the  coal,  are  ready  at  a  low  heat  to  seize  upon  another  equiva- 
lent amount  of  the  carbon,  so  that  from  both  the  sources  a  greater  or  less  proportion  of  the  total  cai-bon,  depending  on 
that  of  the  gases,  is  burned  in  the  gaseous  form  in  the  flame  and  smoke  of  the  fire. 

A  proximate  analysis  of  a  coal  by  heat  merely,  separates  first  the  free  or  uncombined  water,  varying  from  less  than 
1  to  3  or  more  per  cent ;  next,  the  whole  of  the  combustible  volatile  matters,  including  the  portion  alluded  to  of  the 
total  carbon  ;  then  the  fixed  carbon  of  the  coke,  and,  as  the  final  residue,  the  earthy  ashes. 

As  the  useful  values  of  coals  are  variously  influenced  by  the  presence  and  nature  of  their  volatile  combustible  part, 
it  is  expedient  that  I  hei-e  notice  the  chief  results  of  observation  and  experiments  in  relation  to  this  ingredient. 

One  effect  of  a  large  excess  of  volatile  matter  in  a  coal,  is  to  impair  seriously  its  heating  power.  All  the  researches 
recorded  in  the  Table  concur  to  prove  this  point.  Comparing  the  average  volatile  combustible  matter  with  the  average 
weight  of  water  evaporated  from  the  temperatm^e  of  212  degrees  by  ]  lb.  of  coal  of  each  of  the  four  classes,  the  full 
bituminous  kinds  display  an  evaporating  power  of  less  than  8  lb.  to  more  than  9.5  lb.  for  the  other  three  varieties. 
Numerous  elaborate  researches  go  to  show,  that  with  very  many  samples  of  bituminous  coals  the  heating  effect  of  the 
whole  volatile  portion  of  the  fuel  is  almost  "  absolutely  negative  j"  and  it  has  even  come  to  be  a  prevailing  opinion,  that 
the  total  evaporative  efficacy  of  a  bituminous  coal  is  no  greater  than  that  of  the  coke  or  fixed  carbon  which  it  contains. 
Certain  it  is,  that  in  the  ordinary  way  of  practice  with  the  boiler-furnaces  in  use,  the  absolute  equivalent  of  heat  belong- 
ing to  the  coke  (all  of  which  is  not  procurable,  however)  exceeds  considerably,  with  rare  exceptions,  that  which  is  actually 
produced  by  experiment  on  the  original  coal.  Some  authorities,  among  them  Professor  W.  R.  Johnson,  have  evolved 
results  which  seem  to  indicate  that  the  heating  efficacy  of  a  coal  is  measured  by  that  of  the  whole  of  its  carbon,  rather 
than  by  that  of  its  coke,  which  is  but  a  portion,  and  general  experience  would  appear  to  sustain  this  relationship. 
We  must  keep  carefully  in  view,  however,  that  such  a  proportion  is  liable  to  be  constantly  departed  from,  through 
imperfections  in  the  furnaces  constructed  for  bituminous  coals,  and  that,  moreover,  the  deviation  from  this  or  any  other 
fixed  ratio,  will  vary  with  the  variable  nature  of  the  bituminous  compounds  which  different  coals  contain. 

The  special  qualities  of  the  different  bituminous  and  semi-bituminous  coals  are  not  caused  solely  by  the  proportions 
of  the  volatile  matter  they  contain,  but  are  as  intimately  connected  with  their  chemical  constitution.  A  most  important 
practical  distinction  in  coals,  is  that  between  the  caking  and  the  open-burning  varieties  ;  and  upon  these  chai-acters, 
even  more  than  upon  their  mere  amount  of  bituminous  matter,  depend  their  adaptations  to  many  economical  uses. 
For  the  manufacture  of  coke,  and  the  production  of  a  hollow  forge-fire — where  tMs  is  needed — the  melting  coals  are 
valuable  ;  but  where  a  very  active  combustion  is  demanded,  the  open-bm-ning  kinds  are  preferable,  since,  by  not  fusing, 
but  only  partially  swelling,  they  afford  a  freer  passage  to  the  oxygen,  and  give  out  a  higher  heat.  A  comparison  of  the 
analyses  of  coals,  with  the  observations  upon  their  manner  of  burning,  shows  clearly  that,  except  within  certain  limits, 
the  proportion  simply  of  bituminous  matter  has  little  to  do  with  their  free-burning  or  their  caking  qualities.  As  a 
seneral  rule,  the  small  amount  of  combustible  volatile  matter  in  the  semi-bituminous  coals,  is  associated  with  the 
absence  of  any  marked  tendency  to  cake  into  a  close  or  hollow  fii'e  j  but  among  the  true  bituminous  class  this  tendency 
appears  to  bear  no  relation  to  the  degree  of  bitimiinisation,  some  of  the  driest  of  these  having  not  more  than  25  per 
cent  of  volatile  matter  in  all,  being  decidedly  fusible  and  close-burning ;  while  there  are  others  with  not  less  than  45  per 
cent,  which  burn  with  a  free  open  fire. 

It  would  appear  "  that  the  property  of  caking  geuerallj'  increases  with  the  quantity  of  hydrogen  and  oxygen  in  the 
coal,  and  especially  with  that  of  the  hydrogen,"  yet  to  this  rule  there  are  found  some  striking  exceptions  ;  and  we  are 
compelled,  in  considering  all  the  phenomena,  to  refer  the  different  tendencies  in  various  coals  to  soften  and  cake,  to  the 
existence  of  different  kinds  of  bitumen,  or  at  least  to  differences  in  the  constitution  of  the  coals  as  respects  the  mode  in 
which  the  gases  are  combined  with  the  carbon.  This  is  a  subject  of  much  pi'actical  and  scientific  interest,  and  one 
which  calls  for  further  investigation  at  the  hands  of  chemists. 

A  review  of  all  that  has  been  done  in  relation  to  this  question  of  the  effect  of  the  volatile  matter,  seems  to  justify 
this  general  statement,  that  the  evaporative  power  of  a  coal  never  exceeds  in  practice  that  due  to  its  whole  amoxmt  of 
carbon,  and  is  oftentimes  as  low  as  that  procurable  from  its  coke  alone ;  while  the  extent  to  which  it  falls  short  by 
imperfect  combustion,  of  that  fullest  attainable  measure  of  efficiencj',  is  greater  in  proportion  as  the  coal  is  more  bitu- 
minous. The  cause  of  the  waste  of  so  much  power  in  the  combustion  of  bituminous  coals,  notwithstanding  the  intense 
temperature  developed  by  the  gaseous  products  while  burning,  is  clearly  to  be  ascribed  to  the  amount  of  heat  absorbed 
in  raising  the  cold  fuel  to  the  point  of  ignition,  and  the  yet  larger  portion  made  latent  by  the  change  of  the  volatile 
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portions  from  the  solid  to  the  gaseous  condition,  while  only  a  part  of  the  heat  of  their  combustion  is  returned.  Unless 
burned  w  ith  a  very  intense  heat,  and  with  a  large  excess  of  atmospheric  air,  a  part  of  the  carbon  of  the  coal  passes  to 
the  chimney  in  the  form  of  carbonic  oxide  gas,  having  but  half  undergone  combustion,  or  having  given  out  but  Iialf  of 
its  possible  full  product  of  heat.  At  the  higher  temperature  evolved  by  the  drier  coals,  a  more  total  combustion  takes 
place  with  the  immediate  production  of  carbonic  acid,  and  the  entire  amount  of  heat  produced  by  oxygen  and  carbon 
is  developed. 

It  must  not  be  inferred  from  what  has  now  been  said,  that  every  amount  of  volatile  matter  iu  a  coal,  whether  much 
or  little,  must  necessarily  impair  its  heating  power.  The  whole  tenor  of  the  researches  made  would  seem  to  contradict 
this,  and  to  show  that  the  possession  of  a  certain  proportion,  within  restricted  limits,  exalts  not  merely  the  activity  or 
speed  of  the  combustion,  but  the  total  heating  power,  as  measured  by  the  evaporative  effect.  Thus  it  appears  that  both 
the  semi-anthracites  and  the  drier  semi-bituminous  coals,  when  they  are  properly  burned,  rather  surpass,  in  calorific 
energy,  the  class  of  the  hard  anthracites.  A  small  share  of  the  easily-combustible  volatile  gaseous  matter  seems  very 
useful,  by  promptly  kindling  the  solid  carbon  with  which  it  is  in  contact,  and  thus  enabling  the  fuel  to  dispense  with 
so  vast  a  current  of  cooling  air,  as  it  is  demanded  for  the  full  ignition  of  a  dry  refractory  anthracite.  But  to  confer  on 
a  coal  the  highest  heating  efficacy,  experience  and  practice  would  suggest  that  the  proportion  of  gaseous  matter  in  it 
should  be  no  more  than  just  enough  to  facilitate  the  kindling  of  the  freshly-supplied  portions,  by  quickly  transmitting 
its  own  combustion  to  the  other  parts,  but  not  so  large  as  to  occasion  any  sensible  waste  of  power.  It  is  therefore,  as 
adding  to  their  activity  without  impairing  their  strength,  that  we  regard  as  so  important  the  presence  of  the  trivial 
quantity  of  free-burning  gases  in  the  semi-anthracites. 

Another  class  of  ingredients  in  coal,  the  proportions  and  qualities  of  which  are  equally  influential  with  those  of  the 
gaseous  products,  are  the  earthy  matters.  These,  like  the  volatile  constituents,  are  somewhat  variable  iu  their  nature, 
and  by  the  forms  they  take  under  different  intensities  of  combustion,  much  affect  the  efficiency  of  the  coals  to  which 
they  belong.  Being  differently  fusible  themselves,  and  affecting  differently  the  fusion  of  each  other,  no  two  of  the 
earths,  alkalies,  or  metallic  oxides,  of  the  ashes,  but  differ  in  their  agency  when  subjected  to  an  elevated  heat,  and  their 
mutual  reactions  are  moreover  changed,  as  the  temperatures  are  changed  to  which  they  are  exposed.  It  hence  arises 
that  the  residue  from  many  coals  melts  to  a  large  extent,  under  no  very  intense  combustion,  into  various  descriptions  of 
hard  semi-vitreous  slags  ;  others  yield  a  less  stony  clinker;  and  some  again,  at  a  far  more  elevated  heat,  result  only  in  a 
partially  agglutinated  spongy  open  cinder,  or  even  in  a  pulverulent  or  flaky  ash.  There  are  perhaps  no  coals,  whose 
ashes,  when  exposed  to  the  extremest  heats  procurable  by  artificial  blasts,  will  not  soften  to  a  cohering  cinder,  or  even 
melt  in  part  into  a  stony  clinker ;  but  as  the  tendencies  to  these  several  degrees  of  fusion  are  very  various,  it  proves  to 
be  a  distinction  affecting  the  practical  value  of  coals,  which  is  of  the  utmost  importance.  In  domestic  consumption, 
where  the  heat  of  combustion  is  comparatively  moderate,  the  quantity  rather  than  the  quality  or  fusibility  of  the  ashes 
is  the  point  of  greatest  consideration  ;  but  where  an  excessive  aud  melting  heat  is  required,  as  in  many  modes  of  generating 
steam,  the  practicability  of  employing  a  coal  at  all  will  oftentimes  be  determined  by  this  one  quality  of  the  clinkeringof 
the  ashes.  In  all  such  circumstances,  those  coals  are  best,  the  ashes  of  which  are  of  a  nearly  pure  white,  and  which, 
with  large  amounts  of  silica  and  alumina  in  their  composition,  contain  little  or  no  alkali,  nor  any  lime,  nor  oxide  of 
iron.  Of  this  character  are  the  earthy  residua  of  the  best  white-ash  anthracites  of  Pennsylvania,  and,  in  an  eminent 
degree,  the  ashes  of  some  of  the  semi-anthracites. 

The  columns  G  and  J  in  the  Table,  the  one  relating  to  the  per-centage  of  clinker  alone,  the  other  to  the  per- 
centage of  the  total  waste,  including  clinker  ashes  and  fine  particles  of  intermingled  uuburned  coal,  are  instructive  in 
this  connection  in  several  points  of  view,  in  disclosing,  first,  the  different  proportions  of  residue  from  different  coals  ; 
secondly,  the  varying  ratios  for  the  different  classes  of  coals,  of  the  clinker  formed,  to  the  total  waste,  and  of  both  of 
these  to  the  actual  amount  of  earthy  matter  ;  and  again,  the  marked  influence  of  an  increased  intensity  of  combustion 
by  strong  mechanical  blast,  in  increasing  where  the  coals  are  of  the  same  class,  and  of  equal  purity,  both  the  quantity  of 
clinker  aud  of  total  waste. 

It  will  be  noticed  that  the  hard  white-ash  anthracites  of  Pennsylvania,  all  the  samples  of  which,  experimented  on 
by  Professor  Johnson,  appear  to  have  been  of  at  least  full  average  purity,  exhibit  not  more  than  50  per  cent  of  addi- 
tional waste  beyond  the  total  quantity  of  earthy  matter  detected  in  them  by  chemical  analysis,  and  not  more  than  one- 
eighth  of  the  total  waste,  in  the  form  of  clinker ;  while  the  Mount  Laffy  coal,  investigated  by  ourselves,  displays  a  waste 
very  nearly  double  the  actual  amount  of  earthy  matter,  aud  a  proportion  of  clinker  to  the  entire  waste  of  fully  two- 
thirds.  The  reason  for  this  important  difference  is  obviously  to  be  found  in  the  dissimilar  conditions  of  the  combustion. 
The  apparatus  employed  by  Professor  Johnson  had  only  that  activity  of  draught  which  could  be  supplied  by  a  chimney 
45  feet  high,  while  the  furnaces  beneath  our  boilers,  besides  connecting  with  a  tall  chimney-stack,  were  artificially 
supplied  with  air  by  a  powerful  fan,  30  inches  in  diameter,  driven  at  a  speed  of  480  revolutions  per  minute.  In  the 
one  case,  the  heat  was  barely  enough  to  fuse  a  small  part  of  the  ashes  ;  in  the  other,  it  wa^  so  energetic  as  to  melt  two- 
thirds  of  the  total  quantity,  and  to  augment  the  weight  of  the  clinker  formed,  by  enclosing  uuburned  fragments  of  coal 
to  the  amount  of  several  per  cent. 

The  effect  of  the  same  extreme  degree  of  heat  was  witnessed  on  the  ashes  of  the  semi-authracite  from  Zerbe's  Run,  but 
to  a  less  extent,  from  its  greater  infusibility.    The  total  waste  from  this  coal  was  on  ati  average  almost  twice  the  absolute 
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amount  of  earthy  matter,  but  the  clinker  was  between  a  third  and  a  fourth  part  only  of  this  total  waste.  In  the  case 
of  the  Rhode  Island  coal,  a  higher  fusibility  in  the  ashes,  due  to  the  pi'eseuce  of  lime  and  other  fluxing  ingredients, 
resulted  in  the  conversion  of  almost  the  whole  of  the  waste  matter  into  clinker. 

Directing  our  attention  for  a  moment  to  the  clinker  and  waste  from  the  semi-bituminous  and  bituminous  coals,  we 
perceive  that  while  the  ratio  of  the  total  waste  to  the  earthy  matter  in  the  coal  is  very  nearly  what  it  appears  in  the 
anthracites,  the  proportion  of  clinker  or  fused  matter  to  the  whole  residuum  is,  notwithstanding  the  far  milder  heat 
employed,  nearly  or  fully  as  great  as  that  from  the  semi-anthracite  of  Zerbe's  Euu  burned  under  the  strongest  blast. 

The  explanation  of  this  greater  tendency  in  all  these  bituminous  coals,  compared  with  the  anthracitic,  to  form 
clinker  when  exposed  to  the  same  heat,  is  to  be  detected  in  the  difierent  constitution  of  their  ashes — the  Pennsylvania 
anthracitic  basins  containing  remarkably  little  lime,  or  other  fluxing  earths  or  alkalies,  either  in  the  substance  of  their 
coals,  or  in  the  strata  which  imbed  them  ;  whereas  it  so  occurs  that  an  influential  quantity  of  one  or  more  of  those  fusion- 
promoting  ingredients  appears  in  the  ashes  of  almost  all  the  fuels  of  the  bituminous  groups,  as  well  those  of  the  Dauphin 
and  the  Cumberland  basins  as  those  of  the  Richmond,  the  Trans- Alleghany,  and  the  British  coal-fields.  In  the  ashes  of 
the  anthracites,  the  proportion  of  lime  rarely  surpasses  2  per  cent,  while  in  those  of  many  of  the  bituminous  coals  it 
exceeds  5  or  G  per  cent. 

A  fourth  property  of  fuels,  upon  which  their  value  for  certain  leading  and  rapidly -extending  applications  in  a  lai'ge 
degree  depends,  is  that  of  kindling  rapidly,  and  burning  with  great  celerity  when  required.  This  quality  in  coal  now 
enters  as  a  large  element  in  the  conditions  which  control,  through  the  agency  of  steam,  the  speed  of  commerce  and  the 
facilities  of  human  intercoiu'se,  and  which  are  enriching  all  the  resources  of  civilised  life  by  daily-increasing  conquests 
over  time  and  space.  To  it,  therefore,  even  more  earnestly  than  to  the  mere  absolute  heating  energy  of  different  fuels, 
must  the  researches  of  practical  science  henceforth  be  directed.  An  enormous  amount  of  yet  unawakened  speed,  as 
well  as  strength,  still  slumbers  in  certain  forms  of  coal — the  most  condensed  and  the  most  tractable  material  shape  in 
which  a  gigantic  mechanical  power  is  stored  away.  Only  a  portion  of  either  of  these  has  hitherto  been  evoked  by  art, 
and  it  is  of  the  utmost  importance  that  every  point  connected  with  our  fuels,  or  with  the  conditions  under  which  thev 
are  burned,  which  promises  to  procure  from  them  either  increased  activity  or  additional  total  heat,  should  be  closely 
investigated. 

The  peculiarities  of  mechanical  structure  and  of  chemical  constitution,  which  are  mainly  influential  in  conferring 
on  coals  a  high  degree  of  combustible  or  evaporative  activity,  have  been  already  stated,  and  it  will  suffice  here  merely 
to  recount  them.  They  are  chiefly  the  absence  of  too  extreme  a  density  or  cohesion  ;  a  certain  medium  amount  of 
divisibility  on  the  fire  ;  a  moderate  i:)roportion  of  combustible  volatile  mattei',  to  quicken  ignition  and  propagate  the 
heat ;  the  quality  of  keeping  an  open  fire,  and  purity  from  much  earthy  matter,  especially  clinkering  ashes. 

The  experimental  results  embodied  in  the  Table,  under  the  appropriate  columns,  express  the  relations  of  the  various 
coals  to  each  other  in  these  respects.  These,  and  the  numbers  in  the  columns  K  and  0,  giving  the  pounds  of  coal 
severally  consumed  per  hour  to  each  square  foot  of  furnace  grate,  and  the  pounds  of  water  evaporated  per  hour  to  the 
same  amount  of  surface,  embrace  in  one  view  both  of  the  elements  which  modify  the  rate  of  activity  of  the  different 
fuels,  and  the  rates  themselves,  as  ascertained  by  experiment. 

Keeping  in  view  what  has  been  already  carefully  stated  of  the  superior  energy  of  the  draught  used  in  the  experi- 
ments made  by  ourselves  upon  the  Mount  Laffy  and  Zerbe's  Run  coals,  over  that  employed  upon  all  the  other  results, 
and  making  our  comparisons  only  between  those  results  which  were  procured  under  similar  or  comparable  conditions, 
we  are  guided  by  the  Table  to  some  instructive  conclusions. 

Looking  first  at  the  combustible  activity  of  the  several  classes  of  coals,  as  determined  by  the  apparatus  used  by 
Professor  .lohnson,  we  discern  the  fact,  that  the  i-apidity  with  which  they  burij  is  greater  as  they  are  more  bituminous, 
or  contain  more  combustible  volatile  matter.  Thus,  the  anthracites  burn  at  the  rate  of  G.GO  pounds  per  hour  on  each 
square  foot  of  the  grate,  the  semi-bituminous  coals  at  the  rate  of  nearly  7  pounds,  and  the  fuU  bituminous  coals  at  tlie 
rate  of  more  than  9  pounds.  The  Lykens  Valley  semi-anthracite  shows  a  rate  of  6.92  pounds  ;  the  semi-bituminous 
coals  of  the  Dauphin  basin  a  rate  of  6.8G  pounds,  and  those  of  the  Cumberland,  7.10  pounds  ;  while  the  middle  second- 
ary bituminous  coals  of  the  James  River  basin,  in  Virginia,  display  the  greater  rate  of  7.41  pounds  to  the  same 
surface. 

Turning  to  the  figures  indicating  the  respective  times  required  for  getting  the  boiler  into  full  action,  we  perceive 
that  the  differences  in  the  rapidity  of  kindling  are  much  more  marked  than  those  of  the  rates  of  sustained  combustion  ; 
the  periods  being  for  the  four  classes  of  coals,  .3.10,  2.G3,  1.14,  and  0.92  hours  respectively. 

Giving  our  attention,  in  the  next  place,  to  our  own  experiments  upon  the  hard  anthi-acite  and  the  Zerbe's  Run 
semi-anthracite,  with  an  artificial  blast,  we  notice  two  points  for  comparison  ;  first,  a  strikingly  greater  activity  in  the 
combustion  of  the  same  kind  of  coal  imder  a  strong  current  than  imder  the  gentle  draught  used  by  Johnson,  in  the 
ratio,  for  the  anthracites,  of  (T.23  to  G.GO  ;  and,  secondly,  a  trivial  superiority  in  this  particular  on  the  part  of  the  semi- 
anthracites  of  Zerbe's  Run  over  the  hard  dry  anthracite  burned  under  like  conditions.  Under  both  rates  of  combustion 
the  semi-anthracites  display  a  rather  higher  activity  than  the  true  anthracites — with  the  ordinary  chimney  draught,  a 
ratio  of  6.92  to  G.GO  ;  and  with  the  blower,  one  of  9.26  to  9.23  ;  or  by  the  longest  and  most  complete  trial  with  sti'ougest 
blast,  a  ratio  of  10.20  pounds  burned  to  precisely  10  pounds. 
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It  here  is  especially  worthy  of  remark,  that  a  moderate  force  of  draught  through  the  fuel  seems  to  be  the  condition 
which  is  best  suited  to  the  fullest  economical  performance,  speed  and  power  both  considered,  of  the  semi-bituminous  and 
bituminous  coals,  while  to  the  anthracites  a  strong  current  is  best  adapted  for  the  same  ends. 

The  maximum  heating  effect  from  any  coal  is  procured  when  the  air  passes  it  flist  enough  to  burn  entirely  all  the 
combustible  matter  it  can  surrender  to  it  by  its  own  heat ;  but  when  the  current  exceeds  this  rate,  its  influence  is 
counteractive,  cooling  and  quenching  a  portion  of  the  burning  matter,  and  driving  it  wastefully  forward  with  the  com- 
bustion not  completed.  The  different  ignitibility  of  the  various  classes  of  fuel  sets  of  course  different  limits  to  this  point 
of  economical  rapidity  of  blast  and  of  combustion — limits  which  are  sooner  passed  with  the  bituminous  than  with  the 
anthracite  coals. 

Bearing  upon  this  topic,  it  should  be  noticed  that,  since  we  inevitably  lose  a  portion  of  the  whole  heat  procurable 
from  a  coal,  when,  in  our  desire  for  speed  or  copiousness  of  combustion  in  a  given  time,  we  urge  the  fire  too  eagerly,  we 
may  perceive  under  what  disadvantages  the  hard  Mount  Laffy  anthracite  and  Zerbe's  Run  semi-anthracite  were  burned 
in  our  experiments,  so  far  as  mere  evaporative  economy  is  considered.  Nothing  speaks  so  strongly  to  the  merits  of  both 
these  coals  as  pure  and  efficient  fuels  than  the  fact  under  consideration,  that  the  very  high  evaporative  power  indicated 
in  column  N  of  the  Table  co-existed  with  a  rate  of  combustion  so  manifestly  wasteful  of  heat  as  that  shown  in  the  preced- 
ing column  K. 

Another,  and,  as  already  intimated,  a  very  essential  quality  in  coals,  affecting  more  perhaps  than  any  other  element 
their  commercial  value,  is  a  high  absolute  heating  power.  This  Jifih  principal  relationship  of  the  coals  under  comparison 
will  be  seen  numerically  expressed  in  the  General  Table,  in  column  N,  which  shows  the  experimental  effects  of  their  com- 
bustion in  pounds  of  water,  evaporated  from  the  standard  temperature  of  212°  by  1  pound  of  each  kind  of  coal.  After 
what  has  been  already  pointed  out  on  a  previous  page  respecting  the  unfavourable  rapid  rate  of  the  combustion  in  our 
own  experiments  with  the  hai'd  Mount  Laffy  anthracite  and  the  coal  of  Zerbe's  Run,  little  farther  need  here  be  said  in 
calling  attention  to  the  true  relative  evaporative  power  of  the  different  classes  and  varieties  of  coals,  than  to  suggest  to 
the  reader  to  make  due  allowance  for  that  circumstance.  Between  the  anthracites  and  the  semi-bituminous  coals 
burned  under  the  same  conditions  of  draught,  there  is  a  trivial  difference  of  effect  in  favour  of  the  latter,  attributable 
mainly  to  the  superiority  of  one  or  two  of  the  Cumberland  samples  ;  but  comparing  either  class  with  the  true  bituminous 
coals,  we  perceive  that  those  which  take  the  lead  in  rate  of  burning  are  far  behind  both  the  others  in  point  of  real 
efficiency.  Tfie  pounds  of  water  respectively  evaporated  were  9.58,  9.66,  and  7.96,  for  the  anthracites,  semi-bituminous, 
and  full  bituminous  coals. 

In  the  next  place,  regarding  the  results  of  our  own  experiments,  we  observe  that  the  average  performance  of  the 
excellent  hard  anthracite  we  tried  was  sensibly  lower  than  the  average  work  of  the  similar  anthracites  burned  by  Pro- 
fessor Johnson  with  a  gentler  current ;  corroborating  what  we  have  alleged  of  the  loss  of  evaporative  economy  from  an 
over-active  supply  of  air ;  but  we  perceive  that  notwithstanding  the  same  important  drawback  on  the  full  efficiency  of 
the  Zerbe's  Run  coal,  the  experiments  demonstrated  a  decidedly  superior  evaporative  power  in  the  Zerbe's  coal  over 
the  other  in  the  ratio  of  9.58  pounds  to  9. .32  pounds  of  water  to  the  one  pound  of  coal.  When  the  conditions  were  less 
unfavom-able  for  economical  results,  the  product  in  steam  was  respectively  10.60  and  10.19  to  each  pound  of  fuel.  During 
this  best  experiment  the  rate  of  combustion  on  the  grate  was,  with  the  Zerbe's  Run  coal,  as  high  as  10.20  pounds  to  the 
squai-e  foot  per  hour,  while  with  the  hard  Mount  Laffy  anthracite  it  was  9.08  pounds. 

This  brings  us  to  a  review  of  the  results  shown  in  the  next  column  (0)  of  the  Table.  This  series  of  numbers,  denot- 
ing the  relations  of  the  coals  in  their  two  important  qualities  of  rate  of  burning  and  evaporating  effect  from  equal  weights — 
or,  in  other  words,  their  act iv if y  and  their  strength — expresses  more  justly  than  any  other  portion  of  the  Table  the  relative 
practical  values  of  the  several  coals.  It  will  here  be  seen  that  the  anthracites,  semi-bituminous,  and  bituminous  coals, 
burned  in  the  same  apparatus,  and  imder  conditions  best  adapted  to  the  two  latter  classes,  display  evaporative  rates 
in  the  ratios  of  62.93,  67.46,  and  70.92  pounds  of  steam  per  hour  to  each  square  foot  of  grate. 

Reducing  our  own  results  to  the  same  units  of  time  and  surface,  we  notice  that  the  hard  anthracite  produced  as 
much  as  85.96  pounds,  while  the  semi-anthracite  of  Zerbe's  Run  went  even  beyond  it  in  the  proportion  of  88.71  pounds, 
both  of  which  are  certainly  very  enormous  products.  But  these,  which  are  only  averages,  were  much  exceeded  in  the 
best  states  of  working,  when,  after  the  middle  of  the  week,  the  flues  being  all  fully  heated,  the  very  copious  blast 
employed  was  attended  by  a  rather  less  than  usual  waste  of  fuel.  At  those  times-  the  highest  activity  and  heating 
power  united,  yielded  in  steam  the  enormous  product  of  91.52  pounds  from  the  hard  anthracite,  and  108.10  pounds 
from  the  semi-anthracite  of  Zerbe's  Run. 

In  approaching  the  conclusion  of  this  portion  of  our  subject — the  relative  efficiency  of  the  various  coals  in  generat- 
ing steam — we  arrive  finally  at  a  comparison  of  the  fuels  in  their  three  several  aspects  of  evaporative  activity,  absolute 
heating  power,  and  capacity  of  stowage  combined  :  in  other  words,  we  have  now  to  ascertain  in  what  order  the  several 
varieties  and  classes  range  themselves,  when  each  is  estimated  according  to  the  degree  in  which  it  unites  the  three  primary 
qiialities  of  speed,  strength,  and  compactness.  The  column  P,  the  last  in  the  Table,  derived  from  multiplying  together 
the  three  ratios  expressing  the  pounds  of  coal  burned  on  each  square  foot  of  grate  per  hour,  the  pounds  of  steam  pro- 
duced to  each  pound  of  coal  burned,  and  the  pounds  of  coal  containable  in  each  cubic  foot  of  space,  exhibits  for  the 
several  coals  their  relative  total  values  compounded  of  all  these  elements. 
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The  Table  here  speaks  for  it  itself.  The  numerical  aggregates  denoting  the  rank  of  the  anthracites,  the  semi- 
bituminous  coals,  and  the  full  bituminous  coals,  are  respectively  expressed  by  3349.8,  3490.4,  and  3462.3  pounds  of 
water  evaporated  each  hour  on  each  square  foot  of  furnace  grate  by  each  cubic  foot  of  broken  coal.  It  thus  appears 
that  the  semi-bituminous  coals  surpass  somewhat  the  bituminous,  and  that  these  exceed  the  true  anthracites. 

The  relative  rank  of  the  hard  anthracite  of  Mount  Laffy,  compared  with  the  semi-anthracite  of  Zerbe's  Run,  is 
indicated  by  the  ratio  of  the  numbers  4598.8  to  4635.1,  which  denote  the  relative  efficiency  of  each  for  marine 
navigation. 

It  will  not  be  correct,  of  course,  to  compare  these  high  results  last  recorded  critically  with  the  first  series,  since,  as 
we  have  several  times  stated,  the  data  included  in  them  were  procured  from  experiments  differently  arranged  as  to  the 
rates  of  combustion.  Yet,  if  we  will  keep  in  view  the  fact,  that  the  strong  current  with  which  we  blew  our  fires  was 
probably  as  inimical  to  a  large  evaporative  result  per  pound  of  coal,  as  it  was  friendly  to  an  increased  speed  of  com- 
bustion, the  conclusion  becomes  very  manifest  that  the  numbers  in  the  Table  cannot  be  far  astray  in  denoting  the 
relative  values  of  the  coals  reviewed  in  their  triple  aspect  of  combined  activity,  strength,  and  2>ortahility. 

Having  in  the  foregoing  pages  disposed  of  the  various  topics  connected  with  the  value  of  the  several  kinds  of  coal 
in  their  application  to  the  production  of  steam,  and  with  the  merits  of  the  serai-anthracites  for  that  important  purpose, 
it  remains  for  me  to  add  a  few  concluding  remarks  on  the  suitableness  of  this  particular  variety  to  the  smelting  and 
working  of  iron. 

It  is  well  known  that  purity  in  the  fuel  is  a  most  important  element  of  economy  in  the  process  of  iron-smelting.  A 
difference  of  only  5  or  7  per  cent  in  the  quantity  of  earthy  matter  in  two  coals  is  the  source  of  a  serious  difference  in  the 
final  cost  which  they  involve.  Not  only  must  an  extra  amount  of  coal  be  introduced  into  the  furnace  to  supply  the 
deficiency  caused  by  the  additional  impurities,  but  a  still  further  portion  is  needed  to  melt  the  excess  of  ashes  in  the 
whole  body  of  the  fuel.  The  increased  quantity  of  earthy  matter  difficult  of  fusion  thus  supplied,  calls  for  a  propor- 
tionate increase  in  the  limestone  or  flux,  which  itself  again  exacts  a  certain  amount  of  fuel  to  melt  it  with  the  additional 
ashes.  Thus,  from  the  one  cause  we  require  to  make  a  triple  augmentation  to  the  fuel.  If  the  ore  employed  be  of  a 
fair  degree  of  purity,  the  surplus  foreign  matter,  ashes  and  flux  together,  thus  made  to  burden  the  furnace,  will  materi- 
ally exceed  5  or  7  per  cent  of  the  total  amount  of  earthy  matter  originally  there  ;  and  we  therefore  perceive  that  a 
seemingly  trivial  difference  in  the  coals  may  cause  a  really  important  difference  in  the  results.  But  besides  these  sources 
of  extra  cost,  there  are  others  which  flow  in  their  train.  Among  these  are  the  items  of  expense  for  labour  eutailed  by 
handling  the  additional  fuel  and  flux,  and  the  increased  cinder  from  the  furnace,  and  the  more  indirect  loss  from  the 
lessened  product  which  the  furnace  yields  in  a  given  time. 

But  the  quality  or  natui'e  of  the  extraneous  matter  has  even  a  greater  influence  than  the  quantity  upon  the  fitness 
of  a  fuel  for  the  purposes  of  smelting.  Of  all  the  substances  of  a  hurtful  kind  commonly  to  be  found  in  coals,  sulphur, 
usually  combined  with  iron,  forming  minutely-disseminated  sulphuret  of  iron,  is  by  far  the  most  injurious.  The  pro- 
portions in  which  it  prevails  in  difierent  coals  are  very  various,  many  beds  revealing  scarcely  a  trace,  while  others  again 
contain  as  much  as  3  or  4,  or  even  6  per  cent  of  this  deleterious  constituent.  As  a  general  fact,  the  anthracites  and 
semi-anthracites  are  decidedly  more  free  from  sulphur  than  are  either  the  semi-bituminous  or  the  fully  bituminous 
coals. 

The  better  kinds  of  the  two  first-named  classes  exhibit,  according  to  our  analyses,  but  insignificant  traces  of  it — not 
more  in  the  average  than  0.05  per  cent,  or  one  part  in  2000  of  the  coal.  The  semi-bituminous  coals,  on  the  contrary, 
display  an  average  proportion  of  more  than  ten  times  as  much,  or  0.53  per  cent,  while  the  mean  amount  for  the  three 
groups  of  bituminous  coal  is  materially  greater  still,  being  as  much  as  0.61  per  cent,  or  one  part  in  every  164  paits  of 
the  coal. 

Upon  the  view  which  I  have  advocated,  that  the  anthracite  coals  are  true  solidified  cokes,  or  the  de-bituminised  forms 
of  the  ordinary  gaseous  coals,  the  reason  of  their  comparative  exemption  from  sulphur  becomes  obvious  and  natural.  The 
same  highly-heated  volcanic  steam,  in  issuing  through  the  strata,  baking  and  metamorphosing  the  soft  clays  into  indur- 
ated slates,  and  distilling  out  from  the  bituminous  coal-beds  their  volatile  bitumens  and  gases,  would,  by  a  well-known 
and  often-practi.sed  chemical  reaction,  carry  oft'  the  sulphur.  By  a  process  more  refined  and  admirable  than  any  which 
man  can  hope  to  imitate,  these  matchless  varieties  of  coal  have  been  ages  ago  de-sulphuretted,  coked,  and  compactly 
pressed.  They  are  the  fuel  of  the  world  in  its  most  elaborated,  purified,  and  perfected  form  ;  fine  enough  for  any  of  the 
most  delicate  behests  of  chemistry,  yet  strong  enough  to  achieve,  with  the  aid  of  mechanism,  the  wildest  and  most  daring 
dreams  of  speed  and  of  physical  power  which  the  genius  of  invention  can  conceive. 


METHODS  OF  SEARCHING  FOR,  OPENING,  AND  MINING  COAL, 
PURSUED  IN  PENNSYLYANIA. 

SEARCHING  FOR  COAL. 

When  the  soil  of  a  district  is  already  known  to  be  underlaid  by  the  coal-formation,  the  first  process  adopted  for 
the  discovery  of  the  seams  of  coal  is  searching  the  beds  of  the  brooks  and  the  hill-side  ravines  for  fragments  and  particles 
of  the  coal  itself,  and  of  the  black  carbonaceous  slate  which  is  one  of  the  commonest  associates  of  productive  coal-seams. 
This  examination,  which  requires  close  attention  and  a  quick  and  critical  eye,  is  best  pursued  when  the  streams  are 
shrunken  in  summer,  or  when  the  ravines  are  entirely  dry,  as  the  debris  from  the  outcrops  of  all  the  strata  swept  into 
the  channels  by  the  freshets  of  the  winter  and  spring,  may  be  then  readily  turned  over  by  the  pick,  and  handled.  A 
sagacious  use  of  geological  knowledge  becomes  of  great  assistance  in  this  species  of  search.  Guided  by  it,  the  explorer 
wiU  select  those  ravines  and  other  places,  where,  from  his  previous  examination  of  the  outcrops  of  the  strata  and  the 
directions  of  the  wash,  he  infers  that  the  fragmentary  matter  of  a  certain  relative  lightness  must  have  accumulated- 
Having  once  detected  the  debris  of  a  coal-seam,  it  is  usually  a  simple  matter  to  trace  it  to  the  parent  bed ;  for  unless 
this  rises  veiy  high  in  the  adjacent  hills,  a  studious  tracing  of  the  loose  fragments  up  the  channels  or  ravines  will 
presently,  by  the  sudden  cessation  of  any  signs  of  coal,  show  him  that  he  has  passed  their  source.  He  will  then  make 
assiduous  use  of  a  light  pick,  turning  the  soil  and  inspecting  it  very  closely  for  indications  of  the  "  smut"  of  the  seam — 
that  is  to  say,  for  any  stain  impai-ted  to  the  earth  by  very  finely  divided  coaly  matter. 

Another  mode  of  searching  for  coal  is  to  commence  at  the  stage  just  indicated  :  it  dispenses,  that  is  to  say,  with 
any  preliminary  inspection  of  the  wash  accumulated  in  the  water-courses,  and  aims  at  detecting  the  smut  of  the  coal- 
seam  immediately  by  systematic  digging  in  the  supposed  vicinity  of  the  coal-bed.  This  method  implies  a  knowledge  of 
the  topographical  indications  of  coal,  and  nice  judgment  in  availing  one's-self  of  the  conditions  of  the  ground  to  test  the 
presence  of  the  looked-for  bed  with  the  least  expenditure  of  time  and  labour. 

The  topographical  features  which  indicate  the  presence  of  beds  of  coal  in  a  group  of  Coal-measures  are  obvious 
enough  to  an  eye  once  familiarised  to  them.  They  are  merely  indentations  or  benches  in  the  sides  of  the  hills,  more 
or  less  conspicuous  in  obedience  to  certain  geological  conditions  easily  understood. 

As  every  mass  of  Coal-measures  embraces  necessarily  an  alternation  of  stratified  deposits,  more  or  less  vuiequal  in 
their  power  of  resisting  the  wearing  or  grooving  action  of  water,  and  as  water  under  great  pressure  has  passed  over  the 
outcrops  of  all  our  coal-fields,  the  several  strata  betray  in  a  remarkable  manner  their  relative  degrees  of  softness  by  the 
extent  of  the  depression  left  upon  their  outcrops.  The  harder  beds  stand  forth  in  steeper  slopes,  and  under  a  less  depth 
of  wash  or  of  debris  ;  the  softer  occupy  the  indentations  in  the  surface,  and  are  generally  the  most  deeply  covered  with 
soil.  Seen  in  profile,  the  edges  of  a  series  of  alternating  hard  and  soft  deposits  will  be  distinctly  undulated,  and  the 
undulation  will  be  conspicuous  in  proportion  to  the  inequality  in  the  degree  of  softness,  combined  with  two  or  three 
other  conditions,  such  as  the  more  or  less  prominent  manner  in  which  their  outcrops  have  been  exposed  to  erosive 
action,  and  the  width  or  narrowness  of  the  more  easily  trenched  softer  beds.  For  a  full  exemplification  of  this  svibject, 
the  reader  is  referred  to  a  former  chapter  on  the  effects  of  erosion  on  horizontal  and  variously-inclined  strata.  Now  of 
all  groups  of  sedimentary  rocks,  the  coal-formation,  especially  where  it  has  been  partially  metamorphosed,  is  that  which 
exhibits  the  gi-eatest  known  inequality  in  the  hardness  of  its  constituent  beds,  possessing,  on  the  one  hand,  closely 
cemented,  thoroughly  compacted,  massive  strata  of  silicious  sandstones,  and  even  conglomerates ;  and,  on  the  other, 
layers  of  soft  shale  almost  as  impressible  as  mud,  and  beds  of  tender  coal,  which,  like  tlie  shale,  are  iucohering  and 
brittle  from  the  presence  of  countless  cleavage-joints  and  closely-set  fissures.  A  mass  of  Coal-measures  will  therefore 
almost  invariably  betray  the  positions  of  its  contained  beds  of  coal — its  thicker  ones  at  least — by  the  indentations  of  the 
surface.  It  is  the  business  of  the  coal -seeker  then  to  study  and  interpret  tliese.  If  the  strata  dip  at  a  moderate  angle, 
and  the  difference  of  resisting  power  in  the  strata  is  great,  each  thicker  seam  of  coal  will  form,  with  its  accom- 
panying soft  shales  or  slates,  a  wide,  nearly  level  terrace  on  the  hill-side.  Lengthwise,  this  terrace  or  bencli 
will  undulate  in  height  and  advance  and  retreat  on  the  flank  of  the  hill  or  ridge  to  which  it  belongs,  in  conformity  witli 
the  modelling  of  the  ground,  in  a  manner  which  has  been  explained  in  the  chapter  on  Erosion,  descending  into 
the  ravines  with  a  forward  or  backward  sweep  obedient  to  the  direction  of  the  dip,  and  ascending  high  on  the  hill-side 
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where  the  denudation  has  been  least.  Tliese  hill-side  benches  are  discernible  in  almost  every  portion  of  the  anthracite 
coal-basins  of  the  State,  being  particularly  conspicuous  where  they  mark  the  outcrops  of  the  very  thick  coal-beds  of  the 
lower  or  white-ash  series,  on  the  slopes  of  the  main  ridges  bounding  those  vallej's.  They  are  beautifully  distinct  and 
regular  on  the  flank  of  the  Broad  Mountain  in  the  Mine  Hill  Valley,  and  are  hardly  less  conspicuous  on  the  N.  side  of 
the  Pottsville  Basin  fronting  the  valley  of  Panther  Creek,  and  near  the  Little  Schuylkill.  They  are  unusually  distinct 
also  throughout  the  Shamokin  Basin,  owing  to  the  thickness  of  the  lower  coal-beds  and  the  conglomeritic  and  firm 
character  of  the  coarse  sandstones  which  separate  these,  and  which  outcrop  in  alternation  with  them  on  the  inner  slope 
of  the  encircling  mountains.  Though  a  dense  forest  may  conceal  these  terraces  of  the  coal-beds,  they  are  not  wholly 
obscured  by  a  clothing  of  tall  bushes  or  a  copse  of  young  timber.  AVheu  faint,  they  are  best  detected  under  a  slant  sun 
shining  in  a  direction  nearly  coincident  with  the  slope  containing  them.  The  accompanying  Plate  presents  a  view  of  a 
series  of  conspicuous  benches  on  the  N.  side  of  the  Panther  Creek  Valley,  nearly  opposite  the  Summit  Mines  of  the  Lehigh 
Company. 

Surface- Shafting. — Having  discovered  by  external  signs  the  probable  presence  of  a  seam  of  coal  which  it  is  desirable 

to  open  or  prove,  the  next  process  is  to  reach  it 
by  digging,  and  establish  its  thickness  and  the 
direction  of  its  dip  with  the  least  amount  of  exca- 
vation practicable.  Towards  these  ends  we  are 
greatly  assisted  by  an  interesting  circumstance 
attending  the  outcrops  of  the  strata.  The  softer 
beds  of  the  Coal-measures  have  their  edges 
turned  down  -  hill  in  a  remarkable  manner. 
This  feature,  illustrated  in  various  parts  of  the  present  work,  is  exhibited  in  Fig.  770.  All  the  more  pliable 
rocks,  and  those  most  susceptible  of  erosion,  are  either  so  bent  at  their  outcrops  as  to  conform  to  the  slope  of  the  hill-side, 
or  if  friable,  their  materials  are  dislodged  and  strewn  down-hill  in  a  tapering  sheet,  dwindling  in  thickness,  and  growing 
more  and  more  comminuted,  uutil  they  ai'e  lost  in  the  debris  of  the  adjoining  strata.  Tiie  coal,  from  its  indestructible 
nature,  its  susceptibility  to  comminution,  and  its  superior  lightness,  having  been  carried  forther  by  the  watei-s  from  the 
outcrops  of  the  beds  than  the  materials  of  the  other  deposits,  the  coal-hunter  avails  himself  of  this  circumstance  to 
test  the  presence  of  a  bed  of  coal  indicated  by  a  hill-side  bench,  and  to  trace  it  to  its  true  position.  He  commences  by 
digging  a  narrow  pit  on  the  lower  side  of  the  terrace  of  the  coal,  extending  6  or  8  feet  up  and  down  the  hill ;  and  if 
at  the  depth  of  a  few  feet  he  encounters  the  smut  or  wash  of  the  coal-seam,  he  infers  from  its  degree  of  purity,  and  the 
average  size  of  the  lumps  of  coal,  his  distance  approximately  from  the  bed  in  place,  and  then  plants  his  next  pit  where  he 
supposes  the  top  layer  of  the  coal  to  outcrop.  After  two  or  three  trials — and  if  he  is  experienced,  sometimes  upon  his 
very  first  essay — he  sinks  directly  through  the  outcrop  of  top  slate  into  the  soft  disintegrated  coal  itself,  the  lamination  of 
which  he  presently  discovers.  Persevering,  he  soon  cuts  the  entire  thickness  of  the  coal,  and  reaches  its  floor  or  bottom- 
rock,  and  is  tlien  for  the  first  time  able  to  discover  the  true  inclination  of  the  bedding  and  the  actual  thickness  of  the 
coal-seam. 

Not  uufrequently  an  intermediate  trial-pit  encounters  the  outcrop  of  the  coal-bed  just  at  the  spot  where  it  is  folded 
abruptly  down-hill.  If  the  strata  are  themselves  dipping  in  the  direction  of  the  hill-side  slope,  this  folding  is  often  very 
abrupt,  and  can  then  seldom  lead  to  deception  as  to  the  true  direction  of  dip  ;  but  in  some  instances,  especially  where 
the  coal-bed  is  thick,  and  its  capping  rocks  are  not  very  pliable,  the  overturn  at  the  outcrop  is  only  partial,  and  the 
miner,  after  digging  through  the  crumbled  coal,  reaches  the  bottom  of  its  top  slate  dipping  towards  the  outcrop.  Unless 
he  is  very  apt  and  persevering,  he  is  liable  in  such  cases  to  conceive  that  he  has  reached  the  genuine  bottom  rock  of  the 
coal-seam,  and  to  suppose  that  this  is  dipping  in  just  the  contrary  direction  to  that  towards  which  it  is  declining. — (See 
the  middle  shaft  a.)  Not  a  few  serious  mistakes,  and  some  flagrant  frauds,  in  developing  virgin  coal-fields,  have  arisen 
from  this  substitution  of  a  partially-overturned  roof-rock  for  the  genuine  floor  of  a  coal-bed. 

An  uninitiated  explorer  sinking  his  experimental  pit  just  within  or  above  the  turn  of  the  cap  rock  or  top  slate  of  the 
coal,  will  be  very  apt,  where  the  strata  have  a  steep  dip,  to  exaggerate  grossly  the  real  thickness  of  a  coal-bed  ;  for  he 
may  make  a  deep  excavation  before  he  reaches  the  bottom-slate,  and  if  this  should  bulge  forward  into  a  flattish  slope 
from  a  local  irregularity,  or  turn  into  a  gentle  dip,  self-deception  is  almost  unavoidable.  His  true  check  to  a  blunder 
from  this  source  is  to  mark  narrowly  as  he  proceeds  the  grain  or  lamination  of  the  coal  itself,  which  will  betray  in  its 
direction  and  curvature  the  true  dipping  of  the  strata.  Whenever  it  suggests  a  doubt,  he  should  proceed,  before  sinking 
farther,  to  cut  across  the  coal  uutil  he  reaches  one  or  both  of  the  rocks  which  confine  it,  aiming  by  preference  for  the 
bottom  shale.  . 

Another  source  of  fallacy,  susceptible  of  being  employed  for  fraudulently  exaggerating  the  thickness  of  a  coal-seam, 
is  where  the  top  slate  of  a  steeply-dipping  coal-bed,  being  tough  and  flexible,  is  turned  or  folded  sharply  back  upon 
itself  down  the  hill-side  under  the  soil,  as  shown  at  h.  If  a  large  quantity  of  the  outcrop  coal  lies  over  the  inverted  top- 
slate,  the  coal-digger  may  by  chance  or  by  adroitness  so  cut  the  coal  at  the  bend  as  just  to  graze  the  knuckle  of  the 
folded  slate,  and  make  it  appear  as  a  layer  or  parting-band  in  the  middle  of  the  seam,  especially  as  the  grain  of  the  coal 
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both  above  it  and  below  it  will,  by  the  inversion,  dip  towards  the  same  quarter,  and  approximately  at  the  same  angle. 
The  check  for  this  is  a  very  little  excavation  in  the  slate  itself. 

Where  the  strata  dip  into  a  hill,  or  towards  an  opposite  point  from  that  to  which  the  ground  itself  is  sloping,  the 
outcrops  of  the  softer  beds  ai'e  bent,  as  in  the  previous  instances,  to  conform  to  the  hill-side,  but  in  this  case  they  are 
not  folded  upon  themselves,  but  only  bent  back  into  a  fl;itter  inclination,  or  into  a  gentle  anticlinal  curve.  The  wash  of 
the  coal-seam  dips  in  an  opposite  direction  from  the  coal-seam  itself,  and  the  friable  shale  or  fire-clay  floor  is  for  the 
most  part  mingled  with  the  fragmentary  coal.  Under  this  condition  of  things  it  rarely  happens  that  either  the  coal  or 
its  top  or  bottom  rocks  are  in  a  sufficiently  regular  or  sound  state  to  mislead  us  as  to  the  direction  of  the  dip  ;  the  only 
error  to  which  we  are  liable  being  that  of  assuming  too  flat  an  inclination  in  the  strata.  The  correction  for  this  is  to 
dig  well  into  the  coal,  following  the  bottom-slate  until  it  appears  to  assume  its  permanent  inclination. 

The  two  opposite  conditions  are  represented  in  the  cut  at  h  aud  c,  fig.  770. 

Borijig. — Another  method  of  searching  for  coal  is  by  boring.  This  is  usually  resorted  to  either  where  coal  is 
suspected  to  underlie  the  soil  at  easily-accessible  depths,  or  where  it  is  desirable  to  ascertain  the  precise  depth  of  a  bed 
or  beds  already  known  to  be  present.  In  the  one  case  a  hand-augur  with  a  shank  G  or  12  feet  long  is  not  unfrequently 
employed,  and  it  is  an  extremely  useful  instrument  in  ground  where  the  outcrop  of  the  coal  is  not  indicated  by  inden- 
tations of  the  surface,  and  is  covered  up  by  a  shallow  and  easily-penetrated  wash.  In  the  other  instance,  where  a  known 
coal  lies  deep,  and  where  it  is  important  to  ascertain  its  depth,  and  perhaps  its  thickness,  prior  to  sinking  a  permanent 
pit  or  mine-shaft  to  it,  boring  is  performed  in  a  more  elaborate  manner,  very  much  upon  the  plan  of  perforating  an 
artesian  well.  A  chisel  of  the  requisite  size  is  fastened  to  a  stiff"  iron  rod,  and  this  is  lifted  and  allowed  to  fall  in 
repeated  blows  by  some  appropriate  mechanism — either  a  lever  woi'ked  by  hand,  or  a  trip  arrangement  driven  by  a 
steam-engine.    As  the  boring  deepens,  the  rod  is  lengthened  by  screwing  upon  it  fresh  sections  several  feet  in  length. 

Great  caution  is  to  be  observed  in  judging  of  the  materials  penetrated  by  this  process.  The  materials  chipped  oft" 
by  the  chisel  must  be  submitted  to  the  closest  scrutiny,  carefully  magnified  by  a  lens,  and  moistened  by  an  acid  to 
ascertain  the  presence  of  any  carbonate  of  lime  or  limestone.  Care  is  especially  necessary  where  the  chisel  indicates 
coal,  for  it  not  unfrequently  happens  that  the  crumbed  coal  already  cut  falls  into  the  bore-hole  by  the  friction  of  the 
rod,  and  mingling  with  the  triturated  particles  of  an  underlying  coal  slate  or  shale,  gives  the  appearance  of  an  extension 
of  the  coal  bed  to  a  depth  which  it  does  not  reach — a  fertile  source  of  unconscious  error  and  of  frauds.  Nevertheless 
this  plan  of  sounding  for  coal  is  a  valuable  auxiliary  in  the  development  of  a  new  coal-field,  as  a  guide  to  the  sinking 
of  deep  and  costly  mine-shafts. 

Opening  or  proving  Coal-Seams  preliminary  to  Mining. — The  outcrop  of  a  coal-seam  having  been  discovered,  the  first 
step,  preliminary  to  the  erection  of  a  colliery,  is  the  determination  of  its  thickness,  quality,  and  the  direction  and 
condition  of  its  dip  within  the  strata. 

When  the  coal-seam  and  its  attendant  rocks  have  a  considerable  inclination,  the  first  steps  towards  proving  are 
those  hinted  at  under  the  previous  head  of  "  Surface  Shafting."  But  prudence  requires  that  the  seam  should  be  mined  to 
some  distance  beyond  that  which  is  necessary  merely  to  determine  its  presence  and  approximate  thickness.  It  should 
be  cut  into  far  enough  to  let  the  miner  see  its  permanent  rate  of  dip  ;  the  absence  or  presence  of  any  slips  or  ftxults,  the 
quantity  and  distribution  of  its  internal  layers  of  slate,  and  of  those  soft  laminaj  which  he  calls  "  undermining,"  the 
lucky  disposition  of  which  affects  not  a  little  the  economy  of  hewing  the  coal.  If  the  coal-bed  is  somewhat  unsound,  or 
is  "slippy"  near  its  outcrop,  but  is  yet  of  sufficient  importance  and  promise  to  encourage  the  adventure,  the  miner  will 
often  enter  it  for  many  yards,  either  by  horizontal  gangway  or  by  a  sloping  pit,  withdrawing  the  water  when  necessary 
by  a  windlass  or  otherwise,  in  the  hope  that  it  may  grow  sounder. 

Where  the  strata  are  horizontal,  or  nearly  so,  the  diflSculty  of  proving  a  newly-opened  coal-seam  almost  vanishes,  if 
the  shape  of  the  surface  is  such  as  to  permit  him  to  enter  it  at  a  relatively  low  level,  and  mine  in  the  direction  of  its 
rise,  for  the  mine  gallery  or  drift  will  then  drain  itself ;  but  if  no  ravine  or  hill-side  exists  to  offer  such  approach,  he 
must  plan  the  course  of  his  drift  not  directly  down  the  dip,  but  as  obliquely  to  it  as  practicable,  with  a  view  to  the 
least  possible  amount  of  descent ;  aud  he  must  remove  any  water  which  collects,  by  digging  a  trench  or  drain  in  the  floor 
of  the  drift,  deepening  the  level  of  this  from  the  mouth  as  he  advances,  until  the  task  becomes  too  serious,  when  he  must 
resort,  as  in  the  case  of  steeply-dipping  coal-seams,  to  lifting  or  pumping  the  water  out. 

A  case  sometimes  arises  in  which  it  is  impossible  to  open  a  mine  in  horizontal  strata  which  will  drain  itself,  even 
though  the  outcrop  of  the  coal-seam  is  surrounded  by  ravines  or  valleys  on  all  sides.  This  condition  prevails  where, 
■with  a  stratification  almost  absolutely  horizontal,  on  a  broad  scale,  the  country  is  intersected  by  deep  ravines,  and 
the  hills  insulated  by  these  are  lofty  and  steep.  In  such  ground  it  sometimes  happens  that  the  coal-seams  basin  inwards 
from  all  points  with  a  very  gentle  descent  under  the  summit  of  the  conical  hills,  as  if  the  increased  pressure  there 
exercised  by  the  superior  column  of  the  strata  had  caused  a  general  dishing  of  all  the  more  compressible  and  pliable 
members  of  the  series.  In  such  cases  there  is  no  mode  of  draining  the  mine  but  by  a  ti'ench  under  the  floor  of  the 
gangway,  or  by  a  regular  mine-shaft  sunk  into  the  middle  of  the  basin,  from  somewhere  near  the  summit  of  the  hill  or 
centre  of  the  plateau. 

VOL.  II.  C  M 


1010 


OPENING  AND  MINING  COAL. 


Fio.  771.— Mouth  of  Drift  in  Horizontal  Strata. 


METHODS  OF  MINING  COAL. 

In  the  coal-fields  characterised  by  au  approximately  horizontal  stratification,  the  plan  of  mining  the  coal  in 
Pennsylvania,  and  indeed  throughout  the  United  States,  is  that  which  is  pursued  under  similar  circumstances  in 

Europe.  The  coal-seam  is  entered  by  a  main  gangway 
or  nearly  horizontal  gallery,  so  placed  and  laid  out  as 
to  drain  as  large  a  tract  of  the  contemplated  mine  as 
possible. — (See  Fig.  771.)  If  the  coal-seam  is  situated 
above  the  beds  of  the  adjacent  valleys,  it  is  penetrated, 
of  course,  from  a  point  or  points  in  the  sides  of  the 
hills,  and  a  thick  wall  or  pillar  of  the  coal  is  left 
between  the  gangway  and  the  actual  outcrop,  to  sustain 
the  pressure  of  the  superincumbent  strata.  After  the 
main  entry  has  been  carried  in  a  convenient  length, 
other  side-galleries  or  gangways  are  excavated,  branch- 
ing from  it,  either  at  right  angles,  or  in  directions  best 
adapted  to  command  an  easy  drainage  and  internal 
transportation  of  the  hewn  coal.  From  these  lateral 
alleys  short  rooms  or  stalls  are  excavated,  leaving  mas- 
sive columns  of  the  coal  standing  to  support  the  roof. 

In  the  anthracite  basins  of  the  State,  where  the 
strata  ai-e  much  undulated,  and  where,  for  the  most 
part,  they  are  inclined  at  considerable  angles,  the  plan 
of  entering  and  mining  the  coal  is  somewhat  different, 
being  modified  to  suit  the  circumstances. 
Open  Cut. — The  simplest  of  the  conditions  imder  which  coal  is  excavated  in  the  State  is  where  it  lies  accessible  to 
open  quarrying.  This  method  is  resorted  to  only  where  the  coal-bed  is  of  such  thickness,  or  has  been  so  effectually 
protected  from  deterioration  by  a  covering  of  easily-removable  rock,  as  to  possess  a  marketable  value.  Of  course  it  is 
seldom  worth  while  to  strip  and  quarry  a  thinnish  seam  of  coal,  since  the  coal  itself  will  be  found  rotted  by  the  elements 
throughout  too  great  a  portion  of  its  thickness,  and  even  where  sufficiently  sound,  will  not  yield  enough  to  a  given  area 

to  repay  the  cost  of  uncovering  it.    Perhaps  the  most 
^      5Sa=-_  i-eraarkable  example  of  a  coal-working  in  the  manner 

of  an  open  quariy,  to  be  anyw  here  met  with,  is  that 
of  the  Lehigh  Summit  Mine,  already  described. — 
(See  the  plates  illustrating  this  mine.)  Another 
form  of  open  working  is,  where  a  thick  seam  of  coal 
has  been  caught,  and  preserved  from  denudation  from 
a  sharp  synclinal  fold  in  the  strata.  An  instance  of 
this  sort  occurs  at  Montelius's  Open  Cut,  at  the  E. 
end  of  the  Mine  Hill  Valley,  opposite  the  mouth  of 
Wolf  Creek,  where  the  great  coal-seam,  folded  into 
a  V-shaped  mass,  is  entered  endwise,  and  quarried 
out  from  between  the  steeply-dipping  sides  of  the 
trough,  composed  of  its  bottom-slate.  The  excava- 
tion is  about  50  feet  deep,  and  nearly  as  broad  at 
the  top.  The  annexed  cut  (Fig.  772),  represents  this 
quarry  of  coal  as  it  appeared  in  1853. 

Another  extemporaneous  process  of  mining  is 
resorted  to  where  the  coal-seam  is  approximately 
horizontal,  and  outcrops  on  both  sides  of  a  compai'a- 
tively  narrow  hill.  The  field  of  coal  is  then  entered 
from  some  ravine  near  the  most  depressed  part  of  the 
outcrop,  and  the  coal  is  mined  out  in  the  direction  of  the  rise  of  the  strata,  by  leaving  huge  columns  of  the  solid  coal 
to  sustain  the  weight  of  the  hill  above.  Where  the  seam  is  thick,  the  subterranean  quarrying  proceeds  by  benching, 
or  cutting  the  coal  in  steps.  An  extensive  excavation  of  this  sort  is  to  be  seen  at  the  old  mines  of  the  Baltimore  Coal 
Company,  about  one  mile  S.E.  of  Wilkesbarre.  The  frontispiece  to  this  volume  presents  one  view  of  the  exterior  of  this 
mine.  An  interior  view,  looking  outward,  showing  the  massive  columns  of  coal,  and  the  twilight  between  the  pillai's, 
is  shown  in  another  sketch  (see  Plate,  p.  382  of  this  volume). 

By  Drift. — A  common  method  of  mining  hitherto  practised  in  the  anthracite  basins  of  the  State,  has  been  to  select 


Fig.  772.— Monteliu.'i's  Open  Cut,  Mill  Creek,  Mine  Hill  Valley. 
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a  locality  where  a  coal-seam  rises  to  a  remunerative  height  above  some  convenient  water-level,  or  the  bed  of  a  contiguous 
valley  or  ravine  intersecting  it.  The  seam  is  in  this  case  accessible  edgewise  or  endwise  from  the  ravine,  and  after  the 
surface-matter  is  removed,  it  is  entered  by  a  drift,  or  gangway,  which  is  carried  in  horizontally,  with  just  a  sufficiently  gentle 
rate  of  ascent  to  drain  out  the  water  to  the  external  valley.  After  this  mine  "  level,"  as  it  is  called,  has  been  extended 
sufficiently  far,  lateral  alleys  or  schutes  are  cut  at  a  convenient  angle,  usually  at  right  angles  to  it,  ascending  towards  the 
outcrop,  and  rooms  or  small  chambers  are  hewn  out  of  the  coal  at  regular  intervals  along  these  alleys,  pillars  of  the 
fiiTU  coal  being  left  between  these  chambers,  and  also  between  them  and  the  schute,  except  where  this  communicates 
with  the  rooms.  Thus  each  schute  is  protected  by  a  wall  of  solid  coal,  only  here  and  there  perforated.  Certain  of  these 
schutes  are  extended  up  to  the  outcrop  as  early  as  practicable,  for  the  purpose  of  ventilating  the  workings,  the  air  in 
which  tends  to  become  very  foul  where  the  dip  is  steep,  and  the  "  breast "  or  slant  length  of  the  coal-bed  is  tall.  The 
coal  is  shovelled  by  the  miners  from  the  lateral  chambers  into  the  sloping  schutes,  and  is  drawn  out  of  these  from  an 
inclined  bin  by  gates  or  trap-doors,  which  deliver  it  into  the  coal-cars  placed  opposite  them  on  a  railroad  which  occupies 
the  floor  of  the  main  horizontal  gangway. 

Another  mode  of  carrying  on  the  excavation  of  the  coal  in  the  interior  of  the  mine  is,  to  take  it  out  in  broad 
rooms,  still  called  schutes,  extending  from  the  level  or  gangway  up  the  breast  of  the  coal  to  within  a  suitable  distance  of 
the  next  higher  level,  or  of  the  outcrop,  leaving  longitudinal  pillars  or  walls  of  the  solid  coal  strong  enough  to  support 
the  pressure  of  the  superincumbent  mass.  These  pillars  are  generally  from  4  to  8  yards  wide,  and  the  long  rooms  or 
schutes  between  them  are  commonly  fi"om  10  to  14  yards  broad.  Just  at  the  gangway  the  pillars  are  generally  left  as 
broad  as  possible,  the  better  to  insure  resistance  to  pressui'e,  and  for  the  purpose  of  more  easily  closing  the  outlet  of  the 
schute,  and  providing  it  with  a  gate  for  the  delivery  of  the  coal  into  the  cars  below.  In  some  cases,  especially  where  the 
dip  is  steep,  a  naiTow  schute,  called  a  "  man-way,"  is  first  cut,  ascending  the  breast,  and  cross-ways  are  excavated  from 
this  to  give  the  miners  an  opportunity  to  cut  or  blast  away  the  coal  from  the  breast  above  them.  These  lateral  excava- 
tions, enlarging  and  meeting,  form  the  schutes  into  which  all  the  coal  is  collected.  When  the  process  is  completed,  the 
only  coal  left  standing  to  support  the  roof  is  in  a  series  of  pillars  or  columns  perforated  by  the  man-way. 

The  accompanying  cut  (Fig.  773),  exhibits  the  workings  of  a  colliery  in  the  Pottsville  Basin,  where  the  featm-es  are 
somewhat  complicated.    It  is  intended  to  represent  the  areas  from  which  the  coal  has  been  extracted,  and  those  where 


Fig.  773. — Part  of  Underground  Workings  of  the  Primrose  Coal-Seam  at  Neill's  Colliery  on 
Silver  Creek,  from  a  Plan  by  G.  K.  Smith,  Mining  Engineer  of  Pottsville. 

it  has  been  left  standing  for  the  support  of  the  mine  ;  or  where,  being  too  unsound,  it  would  not  repay  the  cost  of  mining. 
It  is  a  ground  plan  or  view  of  the  mine  as  seen  from  above,  showing  in  the  coarse  dotted  lines  an  anticlinal  axis,  and  a 
synclinal  axis  in  the  strata,  and  in  the  finely-dotted  ones  the  boundaries  of  the  crushed  coal  not  worked.  It  also  shows 
the  gangways,  and  the  tunnels  driven  through  the  strata  to  connect  them,  and  also  the  pillars  and  intervening  schutes 
or  rooms. 

By  Tunnels. — Another  and  very  common  mode  of  reaching  the  coal,  particularly  in  the  steeper-dipping  beds  of  the 
anthracite  basins,  is  by  tunnels  cut  across  the  strata,  the  slates,  sandstones,  &c.  which  separate  the  seams  of  coal.  These 
tunnels  are  often  resorted  to,  to  get  admission  to  portions  of  coal-seams  which  ascend  into  the  hills  and  outcrop  above 
the  levels  of  the  valleys  and  ravines.  In  such  cases  they  are  designed  to  give  outlet  to  the  coal,  and  to  di'aiu  the  mines, 
very  much  as  the  gangways  do  which  enter  the  coal-seams  endwise  from  intersecting  ravines.  The  best  level  at  which 
the  tunnel  should  be  made  often  requires  a  nice  calculation  between  the  cost  involved  in  lengthening  it,  by  planting  it 
too  low,  and  the  sacrifice  of  losing  available  coal,  by  making  it  shorter  and  setting  it  too  high.  Where  the  coal-seams 
occur  at  comparatively  short  intervals  in  the  strata,  and  where  their  dip  is  steep,  a  tunnel  of  the  length  of  a  few 
hundred  yards,  made  at  a  moderate  outlay  of  capital,  will  intersect  and  develop  for  mining  several  valuable  coal  seams. 
These  are  mined  in  the  usual  mode,  by  gangways  cut  right  and  left  from  the  tunnel,  which  thus  becomes  the  common 


1012 


OPENING  AND  MINING  COAL. 


outlet  for  all  tlie  coal  of  the  several  seams  which  it  intersects.  It  is  therefore  not  unfrequently  constructed  broad 
enough  to  admit  two  railway-tracks,  to  facilitate  the  passing  of  the  coal-cars  in  and  out  of  the  mines. 

Such  are  the  tunnels  which  penetrate  the  hills  of  the  coal  region  from  the  surface  ;  but  these  transverse  excava- 
tions are  much  resorted  to  for  getting  access  to  portions  of  the  coal-seams  which  lie  below  the  beds  of  the  valleys,  and 
which  are  not  directly  reachable  by  the  slopes  already  sunk.  Not  unfrequently  it  is  an  object  for  the  collier  to  extract 
the  coal  from  a  seam,  the  position  and  value  of  which  he  is  aware  of,  without  constructing  a  new  slope  upon  its  outcrop, 
and  replanting  his  machinery.  In  such  a  case  his  course  is  a  veiy  simple  one  :  he  selects  some  wide  and  suitable  place 
in  one  of  the  gangways  already  communicating  with  the  slope,  and  cuts  a  horizontal  tunnel  directly  across  the  strata  to 
the  otherwise  inaccessible  coal.  Reaching  this  seam,  he  develops  it  by  a  new  gangway,  and  proceeds  to  mine  it  like  the 
other.  Sometimes  these  subterranean  tunnels  start  forward  or  backward  at  the  foot  of  the  slope  to  intersect  the  overlying 
or  underlying  coal-seams,  but  frequently  they  extend  from  the  gangways  of  the  mine.  As  the  mining  deepens  in  the 
bed  containing  the  slope,  it  may  be  deepened  in  the  adjacent  auxiliary  seams  by  the  construction  of  these  short  under- 
ground tunnels. 

])!/  Slope. — Other  modes  of  entering  the  coal  are  necessary  where  it  lies  below  the  water-levels  of  the  country,  or 
where  the  portion  above  the  valleys  and  ravines  is  insufficient  to  justify  the  erection  of  a  colliei-y.  The  mode  commonly 
resorted  to  in  the  anthracite  i-egion,  is  to  enter  the  coal-seam  by  what  is  called  a  slope,  or  a  broad  galleiy  hewn  in  the 
coal  in  the  direction  of  its  dip  ;  this  gallery  is  usually  wide  enough  to  contain  two  railroad  tracks,  one  for  the  down-going, 
the  other  for  the  up-coming  coal-cars  of  the  mine.  The  machinery,  a  steam-engine  of  competent  strength,  is  planted  a 
little  back  from  the  mouth  of  this  slanting  tunnel,  and  the  cars  are  drawn  up  or  let  down  by  a  chain  wound  upon  a  large 
dinim.  In  mining  the  coal,  a  level  or  horizontal  gangway,  such  as  that  already  desciibed,  is  cut  at  right  angles,  leading 
off  in  one  or  both  directions  from  the  bottom  of  the  slope,  with  such  a  departure  from  absolute  horizontality  as  to  allow 
the  water  to  collect  at  the  intersection.  A  well,  called  a  "  sump  "  of  the  mine,  is  sunk  at  this  spot,  the  foot  of  the  slope, 
and  a  pump  usually  formed  of  segments  of  iron  pipe  of  large  calibre  extends  from  this  sump  to  the  mouth  of  the  slope, 
or  to  some  previously-opened  water-level  or  adit-tunnel  passing  the  pump-water  to  the  outside  of  the  mine.  From  each 
level  or  horizontal  gangway  schutes  are  extended  upwards  through  the  coal,  and  the  coal  is  mined  from  them  in  the  ways 
above  described  ;  and  when  it  is  all  withdrawn  from  the  field  thus  opened,  the  slope  is  prolonged  a  convenient  distance 
downwards,  usually  from  60  to  100  yards,  dependent  upon  circumstances  ;  a  new  sump  is  planted,  and  another  gangway 
or  level  is  cut  parallel  to  the  upper  one.  In  mining  the  second  lower  breast  of  coal  insulated  between  the  two  levels, 
the  schutes  extended  upward  from  the  lower  level  open  into  the  upper  one,  and  thus  a  more  effectual  ventilation  of  the 
interior  of  the  mine  is  insured ;  and  as  the  mining  advances,  and  the  slope  increases  in  length,  new  levels  are  set  off, 
and  new  breasts  are  wrought  out,  until  the  bottom  of  the  basin  is  reached,  or  the  lift  becomes  too  great  for  the  machin- 
evy.  In  mining  the  coal,  care  is  observed  to  leave  untouched  a  broad  column  or  wall  of  the  coal  standing  along  both 
sides  of  the  slope,  as  any  crushing- in  of  this  from  insufficiency  of  support  would  be  f;\tal  to  the  operations  of  the  mine. 


INTEODUCTION  OF  COAL  AS  A  DOMESTIC  FUEL. 

Notwithstanding  the  immense  accumulation  of  carbonaceous  matter  in  the  eai'lier  strata  of  the  earth's  crust,  its 
general  use  as  a  domestic  fuel,  and  for  the  purposes  of  the  arts  and  manufactures,  would  appear  to  have  been  reserved 
for  very  modern  times.  That  fossil  coal  was  known  as  a  casual  mineral,  and  partially  used  as  a  combustible  matter  bj' 
the  ancients,  appears  from  the  writings  of  Theophrastus,  the  disciple  of  Aristotle,  for  undoubtedly  the  word  Xi9a;^^a.^, 
used  by  the  Greeks,  signified  fossil  or  pit  coals,  in  contradistinction  to  av^oaf ,  charcoal,  or  wood-coal.  Theophrastus,  in  his 
JhoJi  on  Stones,  says,  "Those  fossil  substances  that  are  called  coals,  and  are  broken  for  use,  are  eartlti/ :  they  kindle 
and  burn  like  imod-cocds.  These  are  found  in  Liguria,  where  there  is  also  amber  ;  and  in  Elis,  in  the  way  to  Olympias, 
over  the  mountains.    They  are  used  by  the  smiths." 

A  Roman  writer,  Sicculus  Flaccus,  mentions  that  coals,  among  other  substances,  were  made  use  of  a.s  landmarks  ; 
and  St  Augustine  mentions  the  same,  remarking  that  this  substance  was  so  used  on  account  of  its  imperishable  nature — 
the  carbon  of  hard  coals  no  doubt  resisting  moisture  and  decay  better  than  wood  or  soft  stony  materials.  It  seems 
evident,  however,  that  the  ancients  made  no  extensive  use  of  fossil  coal,  much  less  mined  for  it,  but  only  casually 
employed  such  fragments  as  were  found  on  the  surface  of  the  soil.  The  comparative  rarity  of  this  material  in  Greece, 
Italy,  and  in  ancient  Egypt,  was  perhaps  the  chief  reason  of  its  escaping  the  inquisitive  eyes  of  those  early  civilised 
nations. 

In  the  earlier  stages  of  the  civilisation  of  tribes  and  nations,  and  in  countries  but  yet  partially  cultivated,  and  still 
abounding  in  natural  woods,  the  most  accessible  and  easily -procured  fuel,  as  wood,  peat,  and  superficial  lignites,  would  be 
resorted  to  ;  and  these,  we  find,  constituted  the  chief  articles  employed  as  fuel  in  the  eai-ly  periods  of  the  history  of 
Western  Europe.  It  is  probable  that  the  aborigines  of  Britain  knew  something  of  coal,  and  used  it  partially.  The 
term  kul  or  Icole  is  of  Saxon  origin,  used  primarily  to  signify  any  substances  capable  of  ignition  as  fuel  ;  while  Ivlom  is 
the  Cornish,  and  gnd  the  Irish  name  for  similar  substances.  It  seems  evident,  too,  that  the  superficial  coal  strata  of 
Britain  did  not  altogether  escape  the  penetrating  eyes  of  the  Romans.    From  coal-cinders  found  in  various  localities 
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associated  with  Roman  coins,  and  other  indications  of  the  domestic  estabHshments  of  this  people,  there  appears  no  doubt 
but  that  fossil  fuel  was  partially  used  by  them  while  in  Britain. 

In  A.D.  853,  the  Saxous,  then  dominant  in  England,  were  familiar  with  the  use  of  pit  coal,  for  in  a  grant  of  laud 
made  by  the  Abbey  of  Peterborough,  among  other  reservations  of  certain  fragments  of  goods  in  kind,  is  mentioned 
"  sixty  cart-loads  of  wood,  and  tivelve  of  fossil  or  pit  coal." 

In  the  Bolden  Book,  a  record  of  the  county  of  Durham,  we  find,  a.d.  lido,  that  among  the  allowances  to  the 
tenants  in  villenage  at  Bishopwearmouth,  "  the  smith  lias  twelve  acres  for  the  iron-work  of  the  carts,  and  finds  his 
own  coal"  {carhonum). 

In  A.D.  1239,  King  Henry  III.  granted  the  privilege  of  digging  coals  to  the  "good  men"  of  Newcastle,  in  the 
vicinity  of  that  place  ;  and  this  is  perhaps  the  earliest  notice  we  have  of  the  actual  working  of  coals. 

In  some  additions  to  Matthew  Vavi^'a  History,  dated  a.d.  1245,  we  have  the  term  sea-coal  (carho  maris)  mentioned, 
— evidently  showing  that  about  this  period  coal  was  not  only  dug  from  pits  for  consumption  in  the  locality,  but  also 
exported,  or  sent  by  sea,  to  other  pails  of  the  kingdom.  There  is  also  here  mention  made  of  the  winning  of  coal  of 
pits,  and  the  wages  paid  to  the  men  who  wrought  in  them.  From  an  account-book  of  the  servants  of  the  Archbishop 
of  Canterbury  during  the  reign  of  Edward  II.,  we  find  that  thirty  cart-loads  of  coal  were  transported  from  Barston  to 
Croydon,  probabl}'  for  the  Archbishop's  special  use,  as  wood  was  then  abundant  and  very  cheap  in  the  neighbourhood 
of  his  residence. 

In  Scotland,  previous  to  the  twelfth  cent\iry,  "  wood,  tiuf,  and  peat,"  and  other  articles  of  fuel,  were  subjected  to  legis- 
lative arrangements,  but  no  mention  is  made  of  coal, — the  earliest  notice  of  the  use  of  this  substance  being  a.u.  1291, 
when  the  privilege  of  digging  coal  in  the  county  of  Fife  was  granted  to  the  Abbey  of  Dunfermline.  Long  after  this, 
^neas  Silvius,  afterwards  Pope  Pius  II.,  in  his  visit  to  Scotland  about  the  middle  of  the  fifteenth  century,  relates,  as 
something  novel  to  him,  that  he  saw  poor  people  in  rags  begging  at  the  churches,  and  receiving  for  alms  pieces  of  stone, 
with  which  they  went  away  contented.  "  This  species  of  stone,"  says  he,  "  whether  with  sulphur  or  whatever  inflam- 
mable substance  it  may  be  impregnated,  they  bin-n  in  place  of  wood,  of  which  their  country  is  destitute." 

Towards  the  close  of  the  thirteenth  century,  so  rapidly  had  the  iise  of  coal  extended,  that  the  coal  trade  of 
Newcastle,  then,  as  long  afterwards,  the  great  centre  of  the  supply,  became  an  object  of  considerable  importance  to 
the  burgesses — so  much  so,  that  had  not  that  town  been  granted  before  by  King  John  at  a  fee-farm  of  one  hundred 
pounds  per  annum,  payable  to  the  Crown,  that  sum  would  probably  at  least  have  been  doubled  to  the  then 
existing  burgesses. 

The  early  workings  were  no  doubt  of  the  simplest  and  rudest  kind ;  nor  for  a  long  period  had  the  deeper 
and  best  seams  of  coal  been  reached ;  for  we  find,  from  the  Household  Bool-  of  the  fifth  Earl  of  Northumberland, 
A.u.  1512,  that  though  coals  were  largely  used  in  his  princely  establishment,  it  was  only  in  conjunction  with  wood, 
"  because,"  it  is  observed,  "  colys  will  not  byrne  without  wodd."  It  is  here  stated  that  eighty  chaldrons  of  sea-coal, 
at  4s.  2d.  and  5s.  the  chaldron,  were  allowed  in  the  year,  and  also  sixty-four  loads  of  great  wood,  to  make  the  coals 
burn.  During  the  fourteenth  and  fifteenth  centuries,  the  use  of  pit-coal  as  fuel  gradually  increased,  especially  as  there 
had  been  a  wasteful  consumption  of  wood  in  the  countr}',  and  a  neglect  in  planting  forest  trees,  so  that  wood  for  the 
purposes  of  fuel  became  very  scarce  and  expensive. 

The  use  of  coal  in  the  cities,  however,  was  at  first  met  by  that  popular  and  ignorant  prejudice  wliich  assails  all 
innovations  of  the  kind  upon  ancient  use  and  wont.  In  the  reign  of  Edward  I.,  the  inhabitants  of  Loudon  loudly 
protested  against  the  growing  use  of  sea-coal ;  and  in  a  proclamation  of  that  monarch,  a.d.  1306,  the  use  of  sea-coal  is 
expressly  prohibited  in  London  and  the  suburbs,  on  account  of  its  sulphurous  smoke  and  smell,  and  all  persons  are 
enjoined  to  burn  wood. 

Even  in  the  reign  of  Elizabeth,  the  burning  of  "stone  coal"  was  prohibited  in  London  during  tlie  sitting  of 
Parliament,  lest  the  health  of  the  knights  of  the  shires  should  suffer  during  their  residence  in  town. 

In  1649,  Blythe,  an  agricultural  writer,  says — "Not  many  years  since,  the  famous  citj- of  London  petitioned 
Parliament  against  two  nuisances  or  offensive  commodities,  which  were  likelj'  to  come  into  great  use  and  esteem  ;  and 
that  was  Newcastle  coals,  in  regard  to  the  stench :  and  hops,  in  regard  they  would  spoyle  the  taste  of  drink,  and  endanger 
the  health  of  the  people." 

Notwithstanding  these  popular  prejudices  and  royal  proclamations,  the  consumption  of  pit-coal  still  increased  ; 
and  as  more  convenient  modes  of  burning  it  in  houses  were  invented,  its  "  smoke  and  stench  "  were  greatly  abated, 
till  by  degrees  it  gradually  began  to  supersede  the  use  of  wood.  Other  obstacles,  however,  still  impeded  its  progress  as 
a  cheap  fuel  to  the  people,  such  as  import  duties,  and  monopolies  shamefully  abiised  ;  so  that  in  1648  fuel  of  all  kinds 
was  so  scarce  in  the  metropolis  that  many  poor  people  were  starved  to  death.  Little  more  than  three  centuries  ago, 
two  ships  were  sufficient  for  the  whole  coal-trade  between  Newcastle  and  Loudon.  In  1699,  Newcastle  had  two-thirds 
of  the  coal-trade,  and  300,000  tons  were  exported  to  London.  The  price  was  18s.  per  chaldron,  out  of  which  5s.  were 
paid  as  king's  duty.   In  1845,  the  same  city  had  an  annual  importation  of  3,403,000  tons,  and  in  1854,  4,386,971  tons. 

As  the  consumption  of  coal  increased,  so  also  did  the  spirit  for  raining ;  and  a  writer  towards  the  close  of  the 
seventeenth  century  thus  describes  the  state  of  mining  speculations  in  the  northern  counties  : — "  Many  thousand 
people  are  employed  in  this  trade  of  coals  ;  many  live  by  working  of  them  in  the  pits  ;  many  live  by  conveying  them 
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in  waggons  and  wains  to  the  river  Tyne.  Many  men  are  employed  in  conveying  the  coals  in  keels  from  the  stathes 
aboard  the  ships.  One  coal-merchant  employed  five  hundred  or  a  thousand  men  in  his  work  of  coals,  yet  for  all  his  labour, 
care,  and  cost,  can  scarce  live  of  his  trade  ;  nay,  many  of  them  hath  consumed  and  spent  great  estates.  Some  south- 
country  gentlemen  have,  upon  great  hope  of  benefit,  come  into  this  country  to  hazard  their  monies  in  coal-pits. 
Master  Beaumont,  a  gentleman  of  great  ingenuity  and  rare  parts,  adventured  into  oui-  mines  with  his  thirty 
thousand  pounds,  who  brought  with  him  many  rare  engines  not  known  then  in  these  parts — as  the  art  to  bore 
with  iron  rods,  to  try  the  deepness  and  thickness  of  the  coal  ;  rare  engines  to  draw  water  out  of  the  pits ;  waggons 
with  one  horse  to  carry  down  coals  from  the  pits  to  the  stathes,  and  to  the  river.  Within  few  years  he  consumed 
all  his  money,  and  rode  home  upon  his  light  horse."  * 

On  the  continent  of  Europe  the  use  of  pit-coal  is  also  comparatively  of  modern  date.  We  have  seen  that  in 
the  middle  of  the  fifteenth  century  an  Italian  traveller  of  rank  and  intelligence,  iEneas  Silvius,  when  he  sa^v 
pieces  of  coal  distributed  to  the  poor  in  Scotland,  appeared  to  be  wholly  unacquainted  even  with  the  aspect  and 
general  nature  of  the  substance. 

Coal  strata  are  by  no  means  abundant  on  the  European  continent,  and  France  first  obtained  its  knowledge 
of  this  mineral  from  Britain. 

In  the  year  1520,  coals  imported  from  Newcastle  were  first  used  in  Paris,  and  the  same  prejudice  against  them 
existed  as  in  London,  so  that  their  employment  as  fuel  was  very  limited. 

In  Belgium,  pieces  of  coal,  obtained  from  seams  that  had  cropped  out  to  the  surface  in  the  vicinity  of  Liege,  were 
used  as  fuel  by  a  blacksmith  t  as  early  as  a.d.  1200,  and  from  this  period  coal  gradually  came  into  tise  in  that  country. 

About  the  middle  of  the  sixteenth  century,  coal-mining  began  to  be  practised  in  France  ;  and  in  the  eighteentli 
century,  coal-mines  were  commenced  in  the  basins  of  the  Loire,  Brassac,  and  Decize. 

The  use  of  coal  and  coke  in  the  smelting  of  iron  forms  another  important  step  in  the  progress  of  coal-raising.  In 
the  reign  of  James  I.,  wood  charcoal  was  employed  in  the  very  limited  smelting  -  foundries  for  the  production  of 
iron,  which  then  existed  in  Britain  ;  and  in  France,  down  to  a  much  later  period,  about  one-fourth  of  the  wood  used 
for  fuel  was  consumed  in  metallurgic  processes. 

It  was  in  1740  that  the  celebrated  ironworks  were  established  at  Colebrookdale  in  Shropshire,  in  which  coke 
produced  from  pit-coal  was  successfully  used.  Many  previous  trials  had  been  made,  and  many  failures  and  disappoint- 
ments arisen,  chiefly  from  the  imperfect  manner  in  which  the  coke  had  been  prepai'ed  ;  but  after  this  period  the 
smelting  of  iron  began  gradually  to  extend  in  Britain ;  and  as  from  five  to  six  tons  of  coal  are  reqiiired  to  produce  one 
ton  of  iron,  the  consumption  of  coal  in  this  process  became  in  the  course  of  time  very  considerable.  By  a  fortunate 
arrangement  in  nature,  the  same  strata  which  yield  coal  also  produce  the  kinds  of  iron  ore  from  which  the  metal  is 
most  readily  extracted ;  and  thus  the  coal  districts  of  Britain,  abounding  in  both  materials,  now  produce  more  than 
a  half  the  whole  iron  of  the  world. 

The  introduction  of  the  hot-blast  process  in  the  smelting  furnaces,  the  invention  of  Mr  Nelson  in  1828,  by 
facilitating  the  production  of  the  metal,  and  especially  by  permitting  the  use  of  anthracite  coal,  has  greatly  extended 
the  manufacture  both  in  Britain  and  America. 

The  manufacture  of  glass  was  also  greatly  facilitated  and  extended  by  the  use  of  coal-coke  as  a  fuel  for  the  fui-naces. 
Though  this  manufacture  was  introduced  into  Britain  as  early  as  a.d.  674,  and  a  manufocture  of  the  finer  kinds  was 
established  in  London  in  1557,  yet  it  was  not  till  1G19  that  an  extensive  manufactory  of  all  kinds  of  glass  was 
commenced  on  the  banks  of  the  Tyne,  and  in  the  centre  of  the  gi-eat  Newcastle  coal-field,  which  still  continues  to 
flourish,  while  extensive  glass  and  pottery  manufactories  have  since  sprung  up  in  StaSbrdshire  and  other  coal  districts 
of  Britain. 

But  the  most  wonderful  and  beautiful,  as  well  as  one  of  the  most  important  uses  to  which  coal  was  put,  was  that 
of  the  production  of  carburetted  hydi'ogen  gas  for  the  purposes  of  illumination.  At  first,  perhaps,  indicated  by  natm-al 
gaseous  exhalations  from  the  earth,  in  India,  Persia,  and  North  America,  where  the  natives  were  accustomed  to  apply 
hollow  reeds,  and  form  the  gas  into  jets  of  flame — it  was  subsequently  investigated  by  chemists  j  but  the  mei-it  of 
practically  applying  it  for  the  purpose  of  domestic  illumination  appeai-s  due  first  to  Mr  Murdoch,  who  in  1798  con- 
structed an  apparatus  for  its  production  and  use  in  the  Soho  Foundry,  Ayrshire,  Scotland  ;  and  secondly  to  Mr 
Windsor,  who  in  the  years  1803  and  1804  publicly  exhibited  gas  illumination  in  the  Lyceum  Theatre,  London. 

If  we  add  to  all  these  the  employment  of  coal  in  the  production  of  steam-power,  now  used  in  almost  every  manu- 
factory of  whatever  description,  as  well  as  its  extensive  use  in  locomotive  engines  on  land  and  sea,  we  shall  immediately 
perceive  that  this  mineral,  so  abundantly  stored  up  in  the  earth's  strata,  yet  so  long  left  to  repose  in  utter  neglect,  has 
now  become  the  most  powerful  and  universal  agent  of  modern  civilisation. 

*  Grey's  Chronographia. 

t  The  name  of  this  blacksmith  was  HuUos  de  Plennevaux  ;  hence  is  said  to  be  derived  the  now  common  name  of  lioullU  for 
mineral  carbon  or  coal. 
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ACTUAL  AND  EELATIVE  AEEAS— THICKNESS  AND  AMOUNT  OF  COAL  IN  THEM— AND  PEESENT 

ANNTJAL  PEODUCT  OF  THEIE  MINES. 

Forming  a  summary  estimate  of  the  extent  of  the  iiroductive  coal-formation  of  the  United  States,  as  presented  in 
pp.  758  and  942-968  of  this  volume,  for  the  sake  of  a  comparison  with  the  coal  resources  of  other  countries,  we  find 
that  the  E.  half  of  the  continent  exhibits  five  great  coal-fields,  extending  from  Newfoundland  to  Arkansas.  1.  The 
first,  or  most  Eastern,  is  that  of  the  British  provinces,  Newfoimdland,  Nova  Scotia,  Cape  Breton,  Prince  Edward's 
Island,  and  New  Biimswick.  This  seems  to  have  been  originally  one  wide  coal-field,  subsequently  broken  up 
into  patches  by  upheaval  and  denudation,  and  by  the  submergence  which  formed  the  Gulf  of  St  Lawrence.  The 
area  of  the  Coal-measures  of  the  provinces  is  probably  about  7500  square  miles,  though  not  more  than  about 
one-eighth  of  this  surface  appears  to  be  underlaid  by  productive  coal-seams.  2.  The  second,  or  great  Appalacliian 
coal-field,  extends  from  North-eastern  Pennsylvania  to  near  Tuscaloosa,  in  the  interior  of  Alabama.  It  is  about 
875  miles  long,  and  180  broad,  where  widest  in  Pennsylvania  and  Ohio,  and  by  a  careful  estimate  contains  about 
56,000  square  miles.  The  narrow  basins  of  anthracite  in  Eastern  Pennsylvania,  containing  more  than  400  sijfuare 
miles  of  coal,  are  outlying  troughs  from  this  great  coal-field.  3.  A  third  smaller  coal-field  occupies  the  centre 
of  the  State  of  Michigan,  equidistant  fi-om  Lake  Huron  and  Michigan ;  it  covers  an  area  of  about  13,300  square 
miles,  but  it  is  very  poor  in  coal.  4.  A  fourth  great  coal-field  is  that  situated  between  the  Ohio  and  Mississippi 
anticlinals,  in  the  States  of  Kentucky,  Indiana,  and  Illinois.  It  has  the  form  of  a  wide  elliptical  basin.  It  is  about 
370  miles  long  and  200  miles  wide,  and -contains  by  estimation  51,000  square  miles  of  Coal-measures.  5.  The 
fiftli,  and  most  Western,  is  the  large  and  very  long  coal-field  filling  the  centre  of  the  great  basin  of  carboniferous 
rocks  which  spreads  from  the  Mississipi^i  and  Ozark  anticlinals  W.  to  the  Umit  of  the  Palaeozoic  region,  where 
the  cretaceous  strata  begin.  The  coal-field  itself  has  its  N.  limit  on  the  Iowa  River,  and  its  S.  in  the  Indiana  ter- 
ritoiy,  near  the  Red  River,  to  the  W.  of  Arkansas.  It  is  in  length  650  miles,  and  in  greatest  breadth  200  miles. 
The  total  area  of  this  great  irregular  basin  is  probably  not  less  than  74,000  square  miles.  Three  or  more  small 
detached  tracts  of  coal  strata,  encompassed  by  the  cretaceous  deposits,  stretch  at  intervals  S.W.  from  the  S.  limit 
of  the  longer  field  through  Texas.  They  are  probably  extensions  of  the  great  field  laid  bare  by  denudation. 
Their  extent  is  imperfectly  known,  but  my  Geological  Map,  constructed  from  the  best  documents,  indicates  an 
area  of  about  3000  square  miles.  Other  localities  of  coal-bearing  strata  occur  in  the  high  table-lands  on  both 
sides  of  the  Rocky  Momitains,  and  also  in  tlie  Wahsatch  chain  of  Utah,  but  it  is  doubtful  whether  some  of  them 
belong  to  the  true  Carboniferous  series.  The  aggregate  space  underlaid  by  these  vast  fields  of  coal  amounts  to 
nearly  200,000  square  miles,  or  to  more  than  twenty  times  the  area  which  includes  all  the  known  coal-deposits  of 
Europe,  or  indeed  of  the  whole  Eastern  continent. 

Comparing  the  areas  of  the  coal-fields  of  other  countries  with  those  of  North  America  now  indicated.  Great 
Britain  may  be  estimated  to  contain  about  5400  square  miles,  France  nearly  1000,  and  Belgium  510  square  miles. 
Rhenish  Prussia — Saarbrook  field — has  960  square  miles,  Westphalia  380,  the  Bohemian  field  about  400  ;  that  of 
Saxony  only  30 ;  that  of  the  Asturias,  in  Spain,  probably  200  ;  and  that  of  Russia,  scarcely  100  square  miles. 
And  as  these  are  the  principal  known  coal-fields  in  Europe,  the  whole  region  is  thus  seen  to  possess  less  than  9000 
square  miles  of  productive  Coal-measures.  Comparing  the  coal  areas  with  the  total  areas  of  the  respective  countries, 
the  United  States  has  one  square  mile  of  coal-field  to  each  15  square  miles  of  its  3,000,000  miles  of  territory  ; 
Great  Britain  has  one  square  mile  to  each  22|-  of  surface  ;  Belgium  a  like  proportion  with  Great  Britain ;  while 
France  possesses  only  one  sqriare  mile  of  coal-field  to  every  200  miles  of  country.  Assuming  the  total  area  of  the 
productive  Coal-measures  of  the  world  at  220,000  square  miles,  and  accepting  20  feet  as  the  average  thickness  of 
the  available  coal,  the  entire  quantity,  if  estimated  as  one  lump,  is  equivalent  to  a  cube  of  very  nearly  10  miles 
linear  dimensions,  or  to  a  square  cake  or  plateau  of  coal  100  miles  broad  in  its  base,  and  more  than  500  feet  high. 

AREAS    OF  COAL-FIELDS. 

NORTH  AMERICA. 


United  States. 

British  Provinces. 

Square 

Length. 

JIaximum 

Square 

Miles. 

Breadth. 

Miles. 

Appalachian  Basin,  .  55,500 

875 

180 

Newfoundland,  .... 

100  (?) 

Illinois,  Indiana,  and  Ken- 

Cape Breton,  ..... 

200 

tucky  basins,        .  51,100 

370 

200 

Pictou,  ..... 

350 

Missouri    and  Arkansas 

Cumberland,  ..... 

200 

Basins,      .          .  73,913 

550 

200 

New  Brunswick  (only  a  small  part  productive), 

6689 

Michigan,     .          .  13,350 

160 

125 

Texas,         .         .  3,000 

7530 

196,850 
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r.UKOPE. 


Britain, .... 

5400 

square  miles. 

Bohemia, 

400  (?) 

square  mil 

France,  .... 

984 

Saxony,  . 

30 

)) 

Belgium, 

510 

Spain, 

200  (0 

)» 

Saarbrook  field, 

960 

Russia,  . 

100 

jj 

Westphalia,      .  ... 

380 

Total, 

8964 

AREAS  OF  THE  BRITISH  COAL-FIELDS. 

Ireland,   .          .          .  . 

•200 

square  miles. 

Tin  M 1 PTT 

30  square  miles. 

Scotland — about  . 

1500 

)> 

For6st  of  Dg3,d,  . 

30 

j> 

Durham,  .          .          .  . 

750 

)) 

50 

)> 

Cumberland, 

100 

>» 

FlintsliirG,  . 

100 

Lancashire, 

500 

'? 

South  Wales 

KiOO 

» 

North  Stafford,  . 

100 

Great  Central, 

900 

?> 

Total, 

5400 

South  Stafford,  . 

140 

FIELD  IN 

THE  SEVERAL 

STATES  POSSESSING  THE 

COAL-FOR.MATION. 

Massachusetts  and  Rhode  Island, 

100  (!)  square  miles. 

Michigan, 

13,350  square  miles. 

Pennsylvania, 

12,656 

)) 

Iowa, 

24,000 

j» 

Ohio,       .          .          .  . 

7100 

j> 

Missouri, 

21,329 

j> 

Maryland, 

550 

)> 

Nebraska, 

3712 

tf 

Virginia,   .         .           .  . 

15,900 

j> 

Kansas,  . 

11,880 

it 

Kentucky, 

13,700 

Arkansas, 

12,597 

n 

Tennessee, 

3700 

" 

Indian  Territory, 

10,395 

>s 

Alabama,  .... 

6130 

Texas, 

2,970 

ij 

Georgia,  .          .          .  . 

170 

Indiana,  .          .          .  . 

6700 

» 

Total, 

.  196,939 

Illinois,   .          .          .  . 

40,000 

The  nvimber  of  the  workable  coal-seams  in  the  anthracite  basins  of  Pennsylvania  varies  from  two  or  three 
up  to  twenty-five,  according  to  the  depth  of  the  basin  ;  perhaps  the  average  number,  estimated  for  the  entire 
surface,  may  be  about  ten  or  twelve. 

It  is  not  so  easy  to  calculate  the  thickness  of  the  coal  itself,  which  varies  ceaselessly  with  the  depth  of  the 
erosion  which  the  Coal-measures  have  suffered,  from  tliat  of  the  thinnest  workable  bed  to  a  computed  maximum,  in 
the  widest  and  deepest  parts  of  the  Pottsville  Basin,  of  207  feet.  I  think  it  probable,  taking  the  carefuUy-computed 
aggregate  thickness  of  the  workable  coal-beds  of  the  best-developed  localities  as  the  basis  of  my  estimates,  that 
the  S.  anthracite  field  possesses  an  average  thickness,  rejecting  the  thin  seams,  of  100  feet,  the  middle  field  a 
thickness  of  somewhere  about  60  feet,  and  the  N.  field  perhaj^s  an  approximate  thickness  of  60  feet  also ;  while 
the  general  average  for  the  whole  anthracite  region  is  not  flir  from  70  feet. 

The  great  Appalachian  coal-field  evidently  lays  claim  to  a  materially  less  total  thickness  of  coal,  for  the 
aggregate  depth  of  all  the  workable  seams  in  Western  Pennsylvania,  Western  Virginia,  and  Eastern  Olrio,  where 
the  basin  is  deepest,  and  the  number  of  beds  is  fifteen  or  sixteen,  scarcely  amounts  to  40  feet.  Keeping  in  view 
the  wide  areas  from  off  which  the  upper  Coal-measures,  and  even  a  portion  of  the  lower,  have  been  denuded, 
we  are  hardly  entitled  to  assume  a  higher  general  average  for  the  entire  coal-field  than  25  feet. 

Advancing  W.,  the  next  great  basin — that  of  Illinois,  Indiana,  and  Western  Kentucky — containing,  as  already 
shown,  sixteen  or  seventeen  workable  beds  in  the  last-named  State,  possesses  a  maximum  thickness  of  workable 
coal  of  about  50  feet,  and  an  average  amount  of  perhaps  20  or  25  feet. 

The  third  great  coal-field — or  tliat  of  Iowa,  Missouri,  and  Arkansas — with  a  much  thinner  body  of  Coal- 
measures,  appears  nowhere  to  have  more  than  two  or  three  profitable  coal-beds,  and  a  total  thickness  of  workable 
coal  not  exceeding  10  (?)  feet.    The  average  for  the  whole  area  is  obviousl}^  materially  less  than  this. 

In  estimating  the  average  or  mean  thickness  of  the  coal,  due  attention  is  paid,  of  course,  to  the  deductions 
from  the  maximum  amount,  made  necessary  by  unproductive  areas,  caused  by  denudation  near  the  edges  of  the 
coal-fields,  by  deep  erosion  in  the  valleys,  and  by  a  crushed  condition  of  the  strata. 

A  comparison  of  the  above  estimates  with  the  computed  aggregate  depths  of  workable  coal  in  some  of  the 
British  Coal-measures,  will  enable  the  reader  better  to  appreciate  the  relative  average  value  per  acre  of  tlie 
American  coal-fields  wth  the  best-explored  Evu-opean  ones. 

It  is  stated  that  the  great  coal-field  of  South  Wales  embraces  twenty-three  workable  beds,  having  an 
aggregate  thickness  of  92  feet ;  but  the  average  tldckness  for  the  whole  basin  is  materially  less  than  tliis — probably 
not  exceeding  60  feet. 

In  the  South  Staffordshire  Basin  the  coal  amounts  to  a  thickness  of  about  57  feet,  and  in  one  quarter  to  70 
feet.    We  may  assume  40  feet  as  the  average  for  the  whole  coal-field. 

In  the  Derbyshire  Coal-field  there  are  about  twenty  workable  beds,  with  an  aggregate  thickness  of  60  feet, 
and  an  average  for  the  whole  area  of  40  feet. 

The  Lancashire  and  Cheshire  Coal-field,  contains  in  one  district  150  feet  of  coal  in  seventy-five  beds,  and  in 
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another  93  feet  iu  tliirty-six  beds,  but  some  of  these  are  too  thin  to  mine,  and  therefore  these  aggregates  express 
more  than  is  actually  procurable.  Probably  the  average  thickness  of  workable  coal  for  the  entire  coal-field 
amounts  to  50  or  60  feet. 

The  Durham  and  Newcastle  Coal-field  contains  a  total  thickness  of  60  feet  of  coal,  but  the  workable  seams 
amoimt  to  only  30  feet,  and  the  mean  thickness  of  available  coal  for  the  whole  tract  does  not  probably  exceed  20  feet. 

In  the  Lanarkshire  Coal-field  there  are  nine  workable  seams,  embracing  an  aggregate  thickness  of  37  feet, 
but  the  average  for  the  whole  area  is  of  course  less — perhaps  it  does  not  exceed  25  feet. 

From  these  and  other  similar  data,  multiiDlying  the  areas  of  the  coal-fields  by  the  thicknesses  of  their  produc- 
tive coal  respectively,  adding  the  products,  and  dividing  by  the  total  area,  I  am  led  to  infer  that  the  general 
average  thickness  of  procurable  coal  in  the  5400  sqiiare  miles  of  British  coal-fields  is  somewhere  about  35  feet. 

If  we  direct  our  attention  for  a  moment  to  the  coal-fields  of  France  and  Belgium,  we  find  it  recorded  that 
the  Basin  of  the  Loire  hg,s  a  total  thickness  of  257  feet  of  coal,  measuring  all  its  seams,  many  of  which  are,  how- 
ever, too  thin  for  mining.  One  bed,  the  "  Great  Moss,"  contains  from  26  to  39  feet;  and  one  group  of  the  Coal- 
measures,  that  of  Eive-de-Gier,  includes  five  workable  beds,  the  mean  aggregate  amount  of  coal  in  which  is  65 
feet. 

The  Westphalian  Basin,  or  that  of  Ruhr,  a  continuation  apparently  of  that  of  Belgium,  embraces  in  one  group 
of  strata,  1700  feet  thick,  as  many  as  fifty-six  beds  of  coal,  having  a  united  thickness  of  140  feet.  Of  course 
these  thicknesses  much  exceed  the  average  mass  of  coal  for  the  entire  areas. 

The  relative  superficial  magnitudes  of  the  coal-fields  of  the  several  countries  possessing  coal,  will  be  more 
clearly  recognised  if  we  compare  them  by  some  simple  unit  of  measure.  Let  this  be  100  square  miles.  In 
this  case. 


Russia  will  be  represented  by  . 

1 

British  Islands,  .... 

.  54 

Spain,  ...... 

2 

British  provinces  of  North  America,  . 

.  75 

Anthracite  fields  of  Pennsylvania,  and  coal- 

Europe, ..... 

.  90 

fields  of  Westphalia  and  Bomheia,  each  by 

4 

Pennsylvania,  .... 

.  126 

Belgium,  ..... 

5 

Appalachian  Coal-field,  . 

.  555 

France,  ...... 

10 

The  United  States, 

.  2000 

Rhenish  Prussia,  .... 

10 

To  approximate  more  correctly  to  the  relative  amoimts  of- coal  in  the  several  great  coal-fields  of  the  world, 
we  must  compare  the  cubic  quantities,  deduced  from  the  foregoing  statements  of  the  areas  in  square  miles,  and 
the  respective  depths  of  available  coal, — thus  calculated  : 


Belgium  (assuming  her  coal-fields  to  have  an  average  thickness  of  60  feet  of  coal)  contains  about 
France  (with  same  thickness)  about  ........ 

The  British  Islands  (adopting  35  feet  as  the  average  thickness)  nearly  .... 

Pennsylvania  (computing  her  average  of  workable  coal  at  25  feet)  has  .... 

The  Great  Appalachian  Coal-field  (adopting  the  same  proportion),  .... 

Tlie  Coal-field  of  Indiana,  Illinois,  and  Westei'n  Kentucli/  (also  with  an  average  thickness  of  25  feet), 
The  Missouri  and  Arkansas  Basin  (accepting  10  ft.  as  the  mean  thickness  of  the  coal  over  the  whole  area). 
All  the  Productive  Coal-fields  of  North  America  (with  an  assumed  thickness  of  20  feet  of  coal,  and  a 
productive  area  of  200,000  square  miles),  ........ 


Tons. 
36,000,000,000 
59,000,000,000 
190,000,000,000 
316,400,000,000 
1,387,500,000,000 
1,277,500,000,000 
739,000,000,000 

4,000,000,000,000 


The  ratio  of  the  actual  quantities  of  coal,  in  the  more  important  of  these  several  coal-fields,  is  approximately 
shown  in  the  following  series  of  numbers  : — Thus,  making  the  coal  of  Belgium,  or  36,000,000,000  tons,  our  unit 
of  measure, 


The  amount  of  coal  in  Belgium  is  represented  by 
In  France,  by  less  than 

In  the  British  Islands,  by  rather  more  than  . 
In  Pennsylvania,  by  a  little  less  than 
In  the  Appalachian  coal-field,  by  about 


5 
9 

384 


In  the  Illinois,  Indiana,  and  Westn.  Kentucky  Basin,  by  35^ 
In  the  Missouri  and  Arkansas  Basin,  .  .  .  20^ 

In  all  the  coal-fields  of  North  America,        .  .  Ill 

In  all  Europe,  .  .  .  .  •  Sf 


COMPARATIVE  QUANTITIES  OF  FUEL  IN  COAL  LANDS  AND  FOREST  LANDS. 

France  contains,  according  to  M.  Burat,  about  280,000  hectares  of  Coal-measures,  while  its  vegetable  fuel  is 
the  product  of  8,500,000  hectares  of  forests,  or  of  a  surface  thirty  times  as  great.  But  the  vegetable  fuel  is  four 
times  as  much  as  all  the  coal ;  though  whether  this  comparison  is  in  measure  or  weight  is  not  stated.  Therefore 
an  acre  of  coal-field  in  France  yields  seven  or  eight  times  as  much  fuel  as  an  acre  of  woodland. 

Let  us  now  contrast  the  lich  coal-lands  of  the  United  States  with  the  rich  forests,  acre  for  acre. 

Good  timber-lands  will  yield  200  cords  of  wood  (all  cut)  per  acre,  equivalent  in  efficiency  as  fuel  to  100 
tons  of  coal ;  but  an  acre  of  good  coal-land  contains  from  30,000  to  40,000  tons  of  coal,  or  three  hundred  or  four 
hundred  timgs  as  much  fuel  (estimated  not  by  bulk  or  weight,  but  by  heating  power)  as  the  best  woodland. 
VOL.  II.  6  N 
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RELATIVE  PRODUCTIVENESS  OF  COAL  LANDS  AND  FOREST  LANDS. 


DYNAMIC  VALUE  OF  COAL. 

It  is  interesting  to  compare  the  dynamic  force  of  coal  appUed  as  fuel  to  the  generation  of  steam  in  the  steam- 
engine,  with  the  dynamic  effect  of  a  man.  The  human  labourer,  exerting  his  strength  iipon  a  treadmill,  can  raise 
his  own  weight,  say  150  lb.,  through  a  height  of  10,000  feet  per  day,  equivalent  to  1  lb.  raised  1,500,000  feet. 
The  mechanical  virtue  of  fuel  is  best  estimated  by  ascertaining  the  number  of  pounds  which  a  given  quantity,  say 
1  bushel,  will  raise  to  a  given  height,  say  1  foot,  againfst  gravity.  In  the  steam-engine  this  is  called  the  dutij  of 
the  fuel.  Now,  the  present  maximum  duty  of  1  bushel  of  good  coal,  in  the  improved  Cornish  steam-engines,  is 
equivalent  to  100,000,000  lb.  lifted  through  1  foot ;  but  1  bushel  has  been  made  to  raise  125,000,000  lb.  1  foot 
high,  or  1  lb.  125,000,000  feet ;  but  as  there  are  84  lb.  in  one  bushel,  this  divisor  gives  1  lb.  as  equal  to  1,500,000 
feet ;  which  is  just  the  result  of  a  man's  toil  for  one  day  upon  a  treadmill.  Thus  a  pound  of  coal  is  really  worth 
a  day's  wages.  If  we  estimate  a  lifetime  of  hard  work  at  twenty  years,  giving  to  each  year  three  hundred  working 
days,  we  have  for  a  man's  total  dynamic  effort  six  thousand  days.  In  coal  this  is  represented  by  the  amazmgly 
small  amount  of  three  tons.  Another  proof  of  the  extraordinary  power  derivable  through  the  combustion  of  fuel 
is  presented  in  the  following  calculation : — 1  cubic  inch  of  water  is  convertible  into  steam  of  one  atmosphere  of 
pressure  by  15g  grains  of  coal,  and  this  expansion  of  the  water  into  steam  is  capable  of  raising  a  weight  of  1  ton 
the  height  of  a  foot.  The  1  cubic  inch  of  water  becomes  very  nearly  1  cubic  foot  of  steam,  or  1728  cubic  inches. 
When  a  vacmim  is  produced  by  the  condensation  of  this  steam,  a  piston  of  1  square  inch  surface,  that  may  have 
been  lifted  1728  inches,  or  144  feet,  will  foil  with  a  velocity  of  a  heavy  body  rushing  by  gravity  through  one-half 
of  the  height  of  the  homogeneoiis  atmosphere,  or  through  13,500  feet.  This  gives  a  terminal  velocity  of  1300 
feet  per  second — greater  than  that  of  the  transmission  of  sound.  From  this  we  can  form  some  estimate  of  the 
strength  of  the  tempest  which  alternately  blows  the  piston  in  its  cylinder,  when  elastic  steam  of  high  pressure  is 
employed.  Applying  the  calculations  of  the  dynamic  efficiency  of  coal  for  estimating  the  mechanical  strength 
latent  in  the  coal-fields  of  the  earth,  or  in  the  large  coal  prodiict  annually  fm-nished  by  the  mines  of  Great  Britain, 
we  get  some  interesting  results.  Each  acre  of  a  coal-seam,  4  feet  in  thickness,  and  yielding  1  yard  nett  of  pure 
fuel,  is  equivalent  to  about  5000  tons,  and  possesses,  therefore,  a  reserve  of  mechanical  strength  in  its  fuel  equal 
to  the  life-labour  of  more  than  1600  men.  Each  square  mile  of  one  such  single  coal-bed  contams  3,000,000  of 
tons  of  fuel,  equivalent  to  1,000,000  of  men  labouring  through  twenty  years  of  their  ripe  strength.  Assuming,  for 
calculation,  that  10,000,000  of  tons,  out  of  the  present  annual  product  of  the  British  coal-mines,  namely  67,000,000, 
are  applied  to  the  production  of  mechanical  power,  it  follows  that  England  annually  summons  to  her  aid  an 
army  of  3,500,000  fresh  men,  pledged  to  exert  their  fullest  strength  tkrough  twenty  years.  Her  actual  annual 
expenditure  of  power,  then,  is  represented  by  70,000,000  of  able-bodied  labourers.  The  latent  strength  resident 
in  the  whole  coal-product  of  the  kingdom  may,  by  the  same  process,  be  calcxilated  at  more  than  400,000,000  of 
strong  men,  or  more  than  double  tlie  number  of  the  adult  males  now  upon  the  globe. 

AMOUNT  OF  COAL  MINED. 

The  annual  product  of  the  chief  coal-fields  of  the  world  at  the  present  time,  as  stated  by  the  best  authorities, 
would  appear  to  be  as  follows  : — 

Great  Britain  extracted  from  her  mines,  in  1854,  64,661,401  tons,  and  is  supposed  to  be  producing  at  present 
about  67,000,000  tons;  the  United  States,  in  1857,  aboiit  10,500,000  tons;  Belgium,  in  1850,  5,820,588  tons ; 
France,  in  1850,  about  4,500,000  tons  ;  Prussian  State,  in  1850,  4,000,000  tons. 

Thus  we  may  fairly  assume  that  the  total  quantity  now  annually  mined  very  nearly  amounts  to  100,000,000 
tons.  What  portion  of  this  large  production  is  applied  to  the  generation  of  mechanical  power  we  do  not  know  ; 
but  it  can  be  calculated  that  one-fifth  of  it  (20,000,000  tons)  is  consumed  annually  in  the  manufiicture  of  iron 
alone,  where,  however,  only  a  part  is  converted  into  power.  Probably  at  least  10,000,000  of  tons  are  applied  to 
the  propulsion  of  machinery  of  all  kinds,  through  the  generation  of  steam. 

COAL -TRADE  OF  PENNSYLVANIA. 

The  history  of  the  coal-trade  of  Pennsylvania  is  interesting.  The  produce  of  the  anthracite  mines,  from  its 
commencement  in  1820  through  all  its  stages  of  growth,  is  fully  shown  in  the  Table  here  affixed,  which  I  take 
the  liberty  of  copying  from  the  Miners'  Journal  of  Pottsville,  an  admirably-conducted  paper,  devoted  to  the 
coal  and  iron  interests  of  the  State,  and  abomiding  in  valuable  statistical  information. 

From  these  statistical  details  it  would  appear  that,  since  its  origin  in  1820,  the  anthracite  trade  has 
grown  in  thirty-eight  years  to  nearly  7,000,000  tons,  or  at  the  rate  of  about  184,000  tons  per  annum ;  and  that 
from  1839  (the  date  of  active  development  of  the  mines)  to  1849,  the  product  doubled  itself  each  five  years, 
while  its  subsequent  rate  of  increase  has  been  to  double  itself  to  its  present  point  in  eight  years.  The  British 
coal-trade  grows  more  slowly,  doubling  about  every  twenty-four  years. 
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The  following  Table  (I.)  exhibits  the  quantity  of  Anthracite  Coal  sent  to  Market  from  the  different  Regions  in  Pennsylvania,  from  the  Commencement  of  the 
Trade  in  IS'IO  to  1S57 ,  inclusive  ;  to  which  is  appended  (Table  II.J  the  Semi-Anthracite  Trade,  the  Cumberland  Bituminous  Trade,  the  Importations  of 
Foreign  Coal,  and  the  Exportation  of  Domestic  Coal. 

TABLE  i; 


HARD  ANTHRACITES. 


Schuylkill. 

Sold  on 
Line  of 
Bchnyl- 
kill. 

Ljsuigh. 

Wyoming  Region. 

Years. 

Canal. 

Railroad. 

Total. 

Pine 
Grove. 

Little 
Schuylkill. 

Canal. 

Railroad. 

Total. 

Lcbigh 
Railro.id. 

Delaware 

son  Coal 
Company. 

Pennsyl- 
vania Coal 
Company 

By  Canal. 

Great 
Western 

Total. 

SIIAMO. 
KIN. 

Segregate. 

Annual 
lnercai,e. 

1820 

365 

365 

- 

365 

1821 

1,073 

1,073 

1  073 

1822 

1,480 

1,480 

2,240 

2,240 

3*720 

1823 

1,128 

1 ,128 

5,823 

5,823 

6951 

1824 

1,567 

1,567 

9,541 

9,541 

11  108 

1825 

6,500 

6,500 

28, 393 

28,393 

34  893 

25,352 

1826 

16,767 

16.767 

31,280 

31,280 

48*047 

13,154 

1827 

31,360 

31,360 

32,074 

32,074 

63*  434 

15,837 

1828 
1829 

47,284 
79,973 

47,284 
79,.^73 

3,154 
3,332 

30,232 
25,110 

30,232 
25,110 

7,000 

7,000 

77516 
112  083 

14,082 
34,567 

1830 

89,984 

89,984 

5,321 

41,750 

41,750 

43,000 

43,000 

174  734 

62,631 

1831 

81,854 

81,8.54 

* "  ^ 

6,150 

40,966 

40,966 

54,000 

64, 000 

176  820 

2,086 

1S32 

209,271 

209,271 

14, 000 

10,048 

70,000 

70,000 

84,600 

84,000 

363  871 

187,051 

1833 

252,971 

252,971 

13,429 

123,000 

123,000 

111,777 

111,777 

487,748 

123,877 

1834 

226,692 

226,692 

34,000 

19,429 

106,244 

105,244 

43,700 

43,700 

•^76  636 
0 1  t>,uo^ 

decyctLse 

1835 

339,508 

339,508 

41,000 

18,571 

131,250 

131,250 

90,000 

90,000 

560  758 

184,122 

1836 

432,045 

432,045 

35,000 

17,863 

148,211 

148,211 

103,861 

103.861 

684,117 

123,359 

1837 

523,152 

523,152 

17,000 

31,000 

21,749 

223,902 

223,902 

115,387 

115,387 

879,'444 

195,327 

183S 

433,875 

433,875 

13,000 

13,000 

23,775 

213,615 

213,615 

78,207 

78,207 

738,697 

decrease 

1839 

442,608 

442,608 

20,539 

9,000 

30,390 

221,025 

221,025 

122,300 

122,300 

11,930 

818,402 

79,805 

1840 

452,291 

452,291 

23,860 

20,000 

28,924 

225,318 

225,318 

148,470 

148,470 

15,505 

864,384 

45,982 

1841 

584,692 

"850 

585,540 

17,653 

40,000 

41,223 

143,037 

143,037 

192,270 

192,270 

21,463 

959,973 

95,689 

1812 

491,602 

49,902 

540,802 

32,381 

37,000 

40,584 

272,546 

272,546 

205,253 

47V346 

252,599 

10,000 

1,108,418 

148,445 

1843 

447,058 

230,254 

677,295 

22,905 

31,000 

34,619 

267,793 

267,793 

227,605 

58,000 

285,005 

10,000 

1,263,598 

155,170 

1844 

398,887 

441,491 

839,934 

34,910 

57,000 

60,000 

377,002 

377,002 

251,005 

114,906 

365,911 

13,087 

1,630,850 

367,252 

1845 

263,587 

820,237 

1,083,796 

47,928 

74,000 

90,000 

429,453 

429,453 

273,435 

178,401 

451,836 

10,000 

2,013,013 

382,163 

1846 

3,440 

1,233,142 

1,237,002 

58,926 

91,000 

155,460 

517,116 

517,116 

5,886 

320,000 

192,503 

518,389 

12,572 

2,344,005 

330,992 

1847 

222,693 

1,360,681 

1,583,374 

67,457 

106,401 

226,610 

633,507 

633,507 

10,466 

388,203 

284,398 

583,067 

14,904 

2,882,309 

538,304 

1848 

436,602 

1,216,233 

1,652,835 

61,5.30 

162,626 

252,837 

670,321 

670,321 

10,425 

437,500 

237,271 

685,196 

19,356 

3,089,238 

206,929 

1849 

489,208 

1,115,918 

1,605,126 

78,299 

174,758 

239,290 

781,656 

781,656 

19,590 

4-54,240 

259,080 

732,910 

19,650 

3,217,641 

128,403 

1850 

288,030 

1,423,977 

1,712.007 

70,919 

211,960 

207,863 

690,450 

690,466 

32.156 

441,403 

111,014 

243,250 

827,823 

19,921 

3,321,136 

103,495 

1851 

579,156 

l,6.:n,27li 

2,1S4,240 

none 

310,307 

312,367 

964,224 

964,224 

25,072 

479,078 

316,017 

336,000 

1,166,167 

24,899 

4,329,530 

1,008,394 

1852 

800,038 

l,f!'.",:'l-' 

2,4,-,0,950 

66,543 

325,099 

322,211 

1,072,136 

1,072,136 

41,890 

497,105 

426,104 

319,341 

1,284,500 

25,846 

4,899,975 

570,445 

1853 

188,695 

-,470,943 

80,660 

389,295 

394,li78 

1,054,309 

1,054,309 

26,235 

494,327 

512,659 

442,511 

1,475,732 

15,500 

5,097,144 

197,169 

1854 

907,354 

2,895,208 

91,462 

444, 184 

444,160 

1,207,186 

1,207,186 

39,232 

440,944 

496,648 

492,689 

13,3,965 

1,603,478 

63,500 

5,831,834 

734,690 

1355 

1,105, 2';:', 

2.L'1  ::,-'i»2 

3,318,555 

112,213 

426,208 

471,861 

1,275,050 

9,063 

1,284,113 

50,209 

565,460 

504,803 

464,039 

187.000 

1,771, .511 

116,117 

6,486,097 

6.54,223 

1856 

l,169,4,::i 

■J.ii>>,SJ03 

3,258,350 

157,152 

454,515 

520,499 

1,186,230 

165,740 

1,. 351 ,979 

44,270 

499,650 

612,500 

510,631 

305,530 

1,972,581 

137,406 

6,751,542 

262,597 

1857 

l,275,yt.9 

1,709,552 

2,985,541 

145,012 

365,349 

511,977 

900,314 

418,235 

1,318,541 

37,969 

480,699 

530,008 

407,914 

490,023 

1,952,603 

155,806 

6,431,378 

dec.  320,163 

10,034,-585 

20,718,471 

84,753,059 

1,167,451 

3,938,702 

14,153,659 

593,038 

14,740,089 

343,390 

7,645,543 

3,515,765 

4,588,859 

1,116,618  jl7,210,075 

717,462 

TABLE  IL 


SEMI-ANTHRACITE  AND  BITUMINOUS. 

Aggrkgate 
of  all  kinds. 

1 

Total , 

Bxportation 
of  Domestic 
Co,il. 

Years. 

Lykens 
Valley. 

Short 
Mountain. 

Dauphin 
County. 

Ticvorton. 

Broad 
Top. 

Cumber- 
land. 

Import  of 
Foreign  Coal. 

Aggregate. 

Increase  and 
Decrease. 

Incrka-sk 
of  all  kinds. 

1820 
1821 
1822 
1823 
1S24 
1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 

25",325 
37,763 
54,200 
59,857 
69,007 
57,500 
66,721 
61,187 
65,201 

50.000 
60,500 
41,739 
56,538 

20,000 

33,639 
29,000 
63,000 
1,000 

73'il2 
110,711 

42,000 
78,813 

1^708 
10,082 
14,890 
24,653 
29,795 
52.040 
79,571 
142,449 
196,848 
257,679 
334,178 
533,980 
648,299 
664,304 
719,211 
564,690 

22,122 
34,523 
30,433 
7,228 
25,645 
35,665 
40,257 
32,302 
45,393 
.58,136 
36,509 
72,978 
92,432 
71,626 
49,969 
108,432 
153,450 
129,083 
181,551 
102,867 
155,394 
141,521 
41,163 
87,073 
85,776 
156,853 
148,021 
196,168 
198,213 
180,439 
214,774 
183,015 
231, .508 
252,865 
287,408 
173,055 
238,192 

22^122 
34,523 
30,433 
7,228 
25,645 
35,665 
40,257 
32,302 
45,393 
68.136 
36.509 
72,978 
92,432 
71,626 
49,969 
108,432 
1.53,450 
129,083 
181,551 
162,867 
155,394 
143,227 
51,245 
101,963 
110,429 
176,648 
200,961 
275,739 
365,987 
415,050 
546,653 
610,689 
862,495 
1,071,664 
1,069,933 
1,110,304 
1,114,145 

12,401 

decrease 
do. 

18,417 
10,020 
4,592 

decrease 
13,091 
12,737 

decrease 
.36,469 
19,452 

decrease 
do. 

58,463 
24,377 

decrease 
52,468 
elecrease 

do. 

do. 

do. 

50,718 
8,456 
76,329 
14,313 
74,778 
90,248 
49,063 
131.603 
88,902 
252,807 
218,160 
decrease 
40,371 
3,841 

365 
23,195 
38,243 
41,534 
18,331 
60,5.38 
83,712 
103,691 
109,818 
157,476 
132,820 
'113,229 
436,849 
580,180 
448,262 
610.727 
792,549 
1,032,894 
867,780 
1,000,153 
1,027,241 
1,115,367 
1,251,647 
1,314,833 
1,754.445 
2,143,530 
2,530,653 
3,08,3,270 
3,364,971 
3,583,628 
3,736,184 
4,376,183 
5,510,664 
5,900,639 
6,903,498 
7.565,980 
7,868,948 
7,545,523 

417,970 
390,619 
407,302 
552,617 
281,707 
218,651 
152,558 
1,139,997 
659.407 
449,  .')75 
952,857 
652,492 
302,908 
elec.  316,322 

9,309 

9,661 
38.741 
37,727 
45.336 
79,510 
93,884 
110,586 
136,594 
130,355 

496,780 

198,777 

146,639 

183,823 

120,813 

4,275,277 

4,532,039 

9,784,129 

77,336,544 

691,703 

STATISTICS  OF  THE  IRON  TRADE. 


The  smelting  of  iron  constitutes  so  important  a  branch  of  industrial  activity  in  Pennsylvania, 
and  is  moreover  so  fair  a  measure  of  the  mineral  wealth  of  the  State,  and  of  the  rate  at  which 
this  is  becoming  developed,  that  a  brief  statistical  view  of  the  history  and  present  condition  of 
the  iron  manufacture  seems  appropriate  here,  to  complete  the  picture  introduced  by  the  fore- 
going exhibition  of  the  comparative  productiveness  of  the  coal-fields. 

The  following  statement,  originally  published  in  the  North  American  newspaper  of  Phila- 
delphia, February  6,  1858,  and  j^ronounced  by  that  journal  to  be  the  most  complete  and 
authentic  ever  compiled,  displays  such  evidence  of  research  and  exactness  that  I  cannot  better 
do  justice  to  the  subject  than  by  transferring  it  without  modification  to  these  pages  : — 

PRODUCTION  AND  MANUFACTURE  OF  IRON  IN  THE  UNITED  STATES. 

For  the  purpose  of  this  statement,  we  may  distinguish  three  principal  departments  of  the  iron  prodiiction, — 
the  first  represented  by  the  blast-furnaces,  using  either  anthracite,  charcoal,  raw  or  coked  bituminous  coal ;  the 
second  by  the  bloomeries  or  mountain-forges,  wliich  turn  ore  or  cast-iron  into  blooms  or  malleable  iron  ;  and  the 
third  by  the  rolling-mills,  which  convert  tliese  into  bar,  rod,  sheet,  and  nail-plate  ii-on.  Beyond  this  point  the 
manufacture  ramifies  into  an  infinite  number  of  branches  among  all  the  mechanic  arts. 

Of  these  three  kinds  there  are  about  1100  ironworks  in  the  United  States,  viz.  121  anthracite  furnaces, 
500  charcoal  and  coke  furnaces,  300  forges,  and  210  roUing-miUs. 

The  furnaces  produced  in  1856  about  787,958  tons  of  pig  metal  from  the  various  ores,  to  which  must  be 
added  6500  tons  produced  from  the  ore  by  the  bloomery  forges.  The  entire  production  of  iron,  in  1856,  was  nearly 
800,000  tons. 

The  annual  change  in  the  amount  of  iron  produced  is  not  so  great,  on  the  whole,  as  was  once  thought,  or  as 
is  the  case  at  the  present  chief  centres  of  production.    There  were  produced — 

Tons. 

In  18.o4,   713,366 

la  1855,  ..........  705,745 

In  1856,  ..........  782,958 

Yet  the  local  fluctuations  are  very  great.  The  anthracite  production  during  these  three  years  rapidly 
increased,  by  the  enlargement  and  better  handling  of  old  furnaces,  and  the  erection  of  new  ones. 

Tons.  Tons. 
In  1849  it  was  only    .  .  107,256  I  In  1855  it  was  .  .  .  343,105 

In  1854        „  .  307,710  |  In  1856     „  ...  393,509 

There  was,  of  course,  a  proportionate  decrease  of  the  manufacture  of  charcoal  iron.  Where  this  has  taken 
place  will  appear  by  the  following  Table,  showing  the  production  of  iron, — 

BY  ANTHRACITE  FURNACES. 


1854.— Tons. 

1855.— Tons. 

1856.— Tons 

In  Pennsylvania, 

208,703 

255,326 

306,966 

Out  of  Pennsylvania, 

99,000 

87,779 

86,543 

BY  CIIAUCOAL  AND  COKE  FURNACES. 

East  Pennsylvania, 

  62,724 

60,596 

51,775 

North-west  Pennsylvania, 

  78,927 

59,388 

59,587 

South-west  Pennsylvania, 

11,052 

18,217 

29,400 

BY  CHARCOAL  FURNACES. 

East  of  the  Hudson, 

30,420 

30,926 

27,837 

Northern  and  Western  New  York, 

 19,197 

19,736 

18,847 

Southern  New  York  and  New  Jersey, 

13,435 

7,901 

5,683 

Maryland, 

35,658 

36.309 

30,998 

North-western  Virginia, 

1,930 

2,342 

1.467 

Eastern  and  Middle  Virginia,  . 

 5,880 

6.926 

5,730 

North  and  South  Carolina, 

 1,820 

1,830 

1,966 

Georgia  and  Alabama,  . 

 3,604 

3,682 

4,302 

IKON  PRODUCT  OF  THE  UNITED  STATES. 
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CHARCOAL  FURNACES — [continued). 


1854.— Tons. 

1855.— Tons. 

18,56.— Tons. 

Tennessee,  ....... 

38,596 

30,000 

30,000 

Missouri,  ....... 

5,213 

6,000 

13,201 

West  Kentucky, ....... 

5,000 

5,000 

5,000 

East  Kentucky,  ....... 

22,830 

15,580 

21,160 

South  Ohio  (charcoal  and  coke),  .... 

56,081 

47,182 

69,605 

North  Ohio  (charcoal  and  coke),  .... 

8,289 

6,025 

7,901 

Illinois,  Indiana,  Michigan,  Wisconsin,  and  Minnesota, 

5,000 

5,000 

50,000 

Total  tons, 

713,366 

705,745 

782,958 

There  are  ten  principal  centres  of  the  iron  manufacture  in  the  United  States  : — 

1.  Northern  New  York,  once  including  Vermont,  and  using  the  fine  primitive  ores  of  the  Adirondac  Moun- 
tains.   Here  are  forty  bloomeries  and  three  anthracite  furnaces. 

2.  The  Highlands,  a  narrow  belt  extending  through  Berkshire,  Massachusetts,  into  Southern  Vermont,  and 
through  Northern  New  Jersey  into  Pennsylvania,  containing  forty-four  charcoal  and  twenty-two  anthracite 
furnaces,  and  sixty  forges,  using  hfematite  and  magnetic  ores. 

3.  Eastern  Pennsylvania  and  North-eastern  Maryland,  with  ninety-eight  anthracite  furnaces,  one  hundred 
and  three  charcoal  furnaces,  and  one  Inmdred  and  seventeen  forges  ;  none  of  which  last,  however,  produce  iron 
from  the  ore.  This  great  iron  region  is  itself  divisible  into  distinct  smaller  areas,  some  of  them  using  magnetic, 
some  ha?matite,  and  some  fossil  ores. 

4.  North-western  Virginia  and  Soiith-western  Pennsylvania  is  a  distinct  region  on  the  E.  outcrop  of  the 
lower  Coal-measirres,  with  forty-two  charcoal  furnaces,  and  two  or  three  forges,  and  using  carbonate  of  iron.  It 
includes  the  Cambria  ironworks,  which  accounts  for  its  apparent  growth. 

5.  North-western  Pennsylvania  and  North-eastern  Ohio,  with  sixty-six  furnaces,  using  the  ores  of  the 
N.W.  oiitcrop  of  the  lower  Coal-measures.  The  charcoal  furnaces  of  this  region  are  all  going  out,  and  the  coke 
and  raw  bitiiminous-coal  furnaces  are  increasing  in  number,  size,  and  efficiency.  All  the  forging  of  this  region 
is  done  by  the  rolling-mills  at  Pittsburg. 

6.  The  Hanging  Eock,  or  Ironton  region,  crosses  the  Ohio  Eiver  as  a  belt  of  charcoal  funiaces  about  15 
miles  wide  and  100  long ;  forty-five  in  number  on  the  Ohio  side,  and  seventeen  on  the  Kentucky  side.  Its  ores 
are  all  from  the  lower  Coal-measiires,  and  at  its  Northern  end  stone-coal  is  beginning  to  be  ilsed  for  fuel. 

7.  The  old  manufacturing  region  of  Middle  and  Eastern  Virginia  is  a  prolongation  Southward  of  the  Eastern 
Pennsylvania,  with  the  same  ores,  hut  using  charcoal  exclusively  as  a  fuel.  East  of  the  Blue  Ridge  are  sixteen 
furnaces  (only  one  of  which  remains  in  blast),  and  W.  of  the  Blue  Ridge  thirty.    There  are  thirty-five  forges. 

8.  North-eastern  Tennessee  and  Nortli-westem  North  Carolina  have  nine  furnaces  and  forty-one  bloomery 
forges  in  a  compact  area.  Along  the  base  of  the  Cumberland  Mountains,  five  furnaces  and  fourteen  forges  use 
the  Dyestone  fossil  (upper  Silurian)  ore.  In  the  S.W.  corner  of  North  Carolina  are  five  forges,  and  through  the 
middle  of  the  State  runs  a  belt  of  five  furnaces  and  twenty-seven  forges.  This  whole  country  possesses  incalcu- 
lable resources  for  iron-making,  and  must  become  at  some  distant  day  one  of  the  great  centres. 

9.  In  Western  Tennessee  and  Kentucky,  around  Clarksville  and  Eddyville,  lies  the  principal,  and,  at 
present,  only  important  region  of  the  Far  West.    It  contains  forty-five  furnaces  and  some  forges. 

10.  In  Missouri  a  beginning  has  been  made  with  seven  furnaces,  which  must  develop  into  a  great  iron- 
making  region  around  the  Iron  Mountain  and  Pilot  Knob,  when  fed  by  coals  from  Western  Missouri  and  Kansas. 

The  Lake  Superior  iron  region  has  been  opened  as  a  mining  region  only  within  two  or  three  years  past,  though 
it  is  worked  with  great  success  at  various  points  near  the  copper-mines  in  Michigan,  and  on  the  W.  shore  in 
Minnesota.  Most  of  the  ore  is  sliipped  to  Detroit  and  Cleveland,  for  the  use  of  the  roUing-mills  of  the  West. 
The  total  production  of  these  ores  was  probably  15,000  tons  in  1857,    This  will,  at  no  distant  day,  be  a  principal 


iron-making  region. 

Tabulating  these  regions  on  the  scale  of  their  importance,  we  have  : — 

Tons. 

1.  Eastern  Pennsylvania  and  Maryland  charcoal,  87.773  ;  anthracite,  341.928,         ....  428,701 

2.  Ironton  Region,  South  Ohio,          ..........  90,765 

3.  Highland  Belt,         ............  70^672 

4.  Pittsburg  Region,     ............  69,488 

5.  Clarksville  and  Eddyville  Region,  .          .          .          .          .          .          .          .          .          .  33,000 

6.  Adirondac  Region,    ............  34,464 

7.  Monongahela  Region,         ...........  30,867 

8.  Missouri  Region,      ............  13,201 

9.  East  Tennessee  and  Carolina  Region,         .........  6,800 

10.  Virginia,       .............  5,730 


Total,      ...........  .  .  782,958 


Bloomery  forges  are  small  open  blast-furnaces,  or  very  large  smith-fires  closed  in  to  hold  a  quarter  of  a  ton 
of  some  rich  ore,  which  when  smelted  is  hooked  out  in  the  form  of  a  ball  of  malleable  iron,  and  liammered  round 
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or  flat  under  a  tilt-hammer.  All  the  forges  are  adjuncts  to  the  blast-fumaces.  treating  their  pig-iron  in  the  same 
manner  as  if  it  were  so  much  ore,  and  preparing  it  for  the  rolling-mill.  It  is  a  great  geographical  featiire  of  the 
manufacture  that  the  forges  are  to  be  found  ahuost  exclusively  East  of  the  Alleghany  Mountains ;  the  geological 
reason  for  which  is,  that  here  alone  are  found  the  magnetic,  primary,  or  high  per-cent  ores.  Lake  Superior  and 
Missouri  are  the  only  Western  forge  regions.  The  West  once  had  many  forges  for  blooming  pig-iron,  but  these 
have  all  been  abandoned,  and  that  work  is  now  done  by  the  puddling  furnaces,  squeezers,  and  muck-roll  of  the 
rolling-mills.  There  is  a  third  division  of  forges,  which  use  either  trip  or  steam  hammers  for  turning  bloomed 
and  rolled  iron  into  various  .shapes  for  mechanical  purposes — engine  cranks  and  shafts,  car-axles,  &c. 

Rolling-mills  (commonly  with  nail-fxctories  attached)  are  divided  into  railroad  and  merchant  mills.  The 
principal  railroad-mills  in  the  United  States  are  given  in  the  following  Table,  with  their  product  in  1856  : — 


Bay  State,  Boston,  . 

17,871  tons. 

Mount  Savage,  Maryland,  . 

7,459  tons. 

Reusselaer,  Troy, 

13,512  „ 

Cambria,  Pennsylvania, 

.     7,533  „ 

Trenton,  New  Jersey, 

about  13,000  „ 

Brady's  Bend,  W.  Pennsylvania, 

.    13,206  „ 

Phojnix,  Pennsylvania, 

18,592  „ 

Washington,  Wheeling,  Virginia, 

.     2,355  „ 

Pottsville,  Pennsylvania, 

3,021  „ 

M'-'Nickle,  Covington,  Kentucky,' 

1,976  „ 

Lackawanna,  Pennsylvania,  . 

11,338  „ 

Railroad  Mill,  Cleveland,  Ohio, 

.     1,800  „ 

Rough  (&  Ready,  Danville,  Pa., 

5,259  „ 

Newburg  Mill,  Cleveland,  Ohio, 

900  ,, 

Montour,  Danville,  Pennsylvania, 

17,538  „ 

Wyandotte,  near  Detroit,  . 

.     6,000  „ 

Safe  Harbour,  Lancaster  Co.,  Pa., 

7,347  „ 

Total, 

.  147,507  „ 

The  Fairmount,  at  Philadelphia,  has  been  recently  adapted  to  rolling  railroad-iron,  and  the  Palo  Alto,  at 
Pottsville,  rolled  about  1000  tons  in  1856.  The  Newburg  mill  commenced  making  rails  late  in  1857.  Most  of 
these  mills  are  now  stopped  ;  and  a  number  lately  about  to  be  erected  in  the  West  (at  Indianopolis,  Chicago,  St 
Louis,  &c.)  will  have  to  be  delayed  till  better  times.  The  Western  mills  chiefly  re-roll  old  rails.  The  extension 
of  this  business  in  the  past  four  years  can  be  seen  from  the  following  figures : — 


1853, 
1854, 
1855, 
1856, 


Railroad  Iron  made. 
Tons. 
105,000 
121,000 
134,000 
147,507 


Imported. 
Tons. 

298,895 

288,266 

127,915 

155,995 


Consumed. 
Tons. 

403,995 

409,866 

261,915 

303,502 


NICKEL  AND  COPPER  MINE  OF  THE  GAP,  LANCASTER  COUNTY. 

Since  putting  to  press  the  account  of  the  Minerals  and  Ores  of  the  State  embodied  in  Part  IV.  of  this  work, 
some  additional  information  has  reached  me  respecting  the  Old  Nickel  and  Copper  Mine  of  Lancaster  County. 
It  has  been  reopened,  chiefly  with  a  view  to  the  nickel,  this  metal  being  now_in  demand  at  the  United  States 
Mint,  for  the  manufacture  of  the  beautiful  new  nickel  cent.  The  lode  is  reached  by  a  vertical  shaft  23  fathoms 
deep.  A  gallery,  about  300  feet  long,  follows  the  ore  at  a  depth  of  10  fathoms ;  at  one  end  of  it  the  vein  divides 
into  three  or  four  branches.  A  wide  cross-course  has  been  cut  about  100  feet  E.  of  the  shaft,  mtersecting  chiefly 
sulphate  of  iron  and  actinolite.  East  of  this  occur  several  irregular,  thin,  vanishing  veins  of  black  oxide  and  red 
sulphuret  of  copper  ;  but  these  disappear  as  they  approach  a  mass  of  sienitic  granite.  At  this  spot,  it  is  said, 
the  mine  was  first  opened,  nearly  one  hundred  and  thirty  years  ago,  and  was  wrought,  but  unsuccessfully,  for  the 
copper  ore.  At  a  short  distance  below  the  60-feet  or  10-fathom  level,  the'  lode  acquires  sulphuret  of  nickel ;  and 
at  the  depth  of  16  fathoms  it  presents  a  somewhat  rich  body  of  nickel  ores  within  a  width  of  20  feet.  At  this 
depth  the  principal  gangstone  is  hornblende ;  but  going  deeper,  the  hornblende  diminishes,  and  the  nickel  ore 
aiigments,  so  that  not  more  than  20  or  25  ]3er  cent  of  the  material  raised  requires  washing.  Small  veins  and 
bunches  of  yellow  sulphuret  of  copper,  yielding  about  14  per  cent  of  metal,  occupy  the  N.  part  of  the  lode,  through 
a  breadth  of  some  7  feet.  Towards  the  W.,  at  a  depth  of  21  fathoms,  the  lode  is  said  to  yield  good  nickel  ore,  in 
the  proportion  of  18  tons  of  ore  to  each  cubic  fathom  of  the  lode  :  it  is  estimated  that  a  miner  can  extract  about 
20  tons  of  nickel  ore  per  month.  This  lode  has  been  explored  by  trial-shafts  to  a  depth  of  10  fathoms,  for  a 
length  of  about  600  feet,  and  looks  well  throughout. 

About  90  feet  N.  of  the  lode  mined,  there  occm-s  another  vein  parallel  with  it.  This  has  been  explored 
tlu-ough  a  length  of  more  than  900  feet.  At  a  depth  of  70  feet  a  shaft  exposes  sulphmet  of  nickel  and  copper 
ores  ;  it  dips  about  33°  N.  Mr  Joseph  Buzzo,  mining  engineer,  fi-om  whose  printed  statement  these  details  are 
derived,  estimates  the  quantity  of  "  nickel  ores  now  discovered  to  be  at  least  one  lumdred  thousand  tons,"  and  says 
that  "the  produce  of  the  mine  at  present  is  about  200  tons  of  nickel  ore  and  10  tons  of  copper  ore  per  month. 
There  are  ten  miners  .employed,  and  eighteen  smfaoe-hands,  including  mechanics." 
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A  FEW  woodcuts  which  were  overlooked,  or  were  not  prepared  when  the  pages  which  they 
were  designed  to  illustrate  were  made  ready  for  the  press,  are  here  introduced.    Copiously  as 
the  text  is  elucidated,  I  am  unwilling  that  it  should  lose  the  assistance  of  even  these  few  sketches, 
which,  however  misplaced  in  the  printing,  can 
readily  be  turned  to  profit  by  the  judicious  reader. 

Taking  them  nearly  in  the  order  in  which  they 
shoidd  have  appeared  in  the  book,  the  first  omitted 
cut,  Fig.  774,  here  annexed,  represents  a  section  of 
the  Nittany  or  Bellefont  Valley,  near  Jacksonville. 
Its  appropriate  place  is  page  497  of  Vol.  I.,  where 
the  dislocated  axis  of  the  Nittany  Valley  is  repre- 
sented as  an  "  upthrow  on  the  South,"  lifting  the  Primal  rocks  upon  the  edges  of  the  inverted 
Auroral  limestone  along  the  margin  of  the  "  Barrens."  It  exemplifies,  moreover,  the  general 
description  given  at  page  897,  Vol.  II.,  of  a  dislocation  at  an  anticlinal  axis-plane,  where, 
in  a  folded  flexure,  the  uninverted  side  of  the  wave  is  shoved  upward  and  forward  upon  the 
inverted  side. 

Another  section,  too  illustrative  to  be  overlooked,  is  here  appended  in  Fig.  775.  It  is 
intended  to  explain  the  structure  of  a  part  of  the  interesting  undulated  country  embraced 


^>  2*rhnal 


Fig.  774. 


Fig.  775. — Section  through  Penn"s  Valley  and  East  end  of  Kishacoqnillas  Valley,  showing  Terraced  Ridges. 


between  Jack's  Mountain  and  Bald  Eagle  Mountain,  comprising  Kishacoquillas  and  Penn's 
valleys,  and  the  ridges  protruding  into  them.  It  should  have  appeared  at  page  462,  Vol.  I.  It 
illustrates  well  some  of  the  prevailing  laws  of  the  Appalachian  flexures,  and  should  be  consulted 
by  the  reader  when  perusing  the  Essay  on  the  "  Laws  of  Structure  of  Disturbed  Zones,"  begin- 
ning at  page  885,  Vol.  II.  It  exemplifies,  too,  the  erosion  of  synclinal  ridges,  discussed  on  page 
924     seq.,  of  Vol.  It. 
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ADDITIONAL  ILLUSTRATIONS. 


The  section  here  introduced  (Fig.  776)  illustrates  the  structure  of  the  E.  part  of  Bedford 
(^ounty,  between  the  terminal  knob  of  Town  Hill  and  Warrior  Kidge  (see  Vol.  I.,  pp.  523,  527). 

Fio.  776. — Section  from  Gap  in  Town  Hill  to  Warrior  Ridge,  along  the  Rainsburg  Road. — 1  im-h  =  1  mile. 


Ragged  Mt, 


Hie  yit. 


Racoon  Sf  Hoophotd  Rs. 


l\rg 


It  displays  three  parallel  nearly  equidistant  flexures  in 
the  Vergent  strata,  and  exemplifies  beautifully  the  in- 
fluence of  denudation  in  producing  valleys  at  the  sum- 
mits of  the  waves  and  ridges  at  their  troughs. 

This  section  (Fig.  777),  representing  the  country 
between  Jack's  Mountain  and  Tussey  Mountain,  immediately  S.  of  the  Frankstown  branch  of  the 
Juniata,  will  assist  in  elucidating  parts  of  the  chapter  on  Stone  Valley  (Vol.  I.,  p.  512).  It 


Altr^-ippiijt  Ridge.    Terrnee  Mmtntain. 


Meruiia/,.  Cacfcnl. 


Jack's  3tountait 


Fig.  777. — Section  from  Tussey  Mountain,  near  Alexandria,  to  Jack's  Narrows  of  the  Juniata,  17  miles. 

intersects  the  end  of  Terrace  Mountain,  and  displays  weU  the  structure  of  Jack's  Mountain  at 
the  river. 

The  annexed  interesting  topographical  section  (Fig.  778),  from  the  Southern  Anthracite  basin 
near  Tamaqua  to  Buck  Mountain,  illustrates  the  general  structure  of  the  Eastern  Middle 


S.  Buck-a  Mt.      L.  Stii,ai-lm) 


Upriivj  Mt. 


Locust  VaUet/.  Poconn  Mt. 


Fig.  778. — Section  from  the  neighbourhood  of  Tamuqua,  across  Locust  Valley  and  the  West  ends  of  the  Beaver  Meadow 

and  Bucks  Mountain  Basins. 

Anthracite  coal-field,  and  should  have  appeared  on  page  239  of  Vol.  I.  It  displays  clearly  the  six 
synclinal  belts  into  which  this  coal-field  is  subdivided  by  its  five  great  anticlinal  flexures,  and 
the  plateau  form  of  the  basins.  The  beholder  is  supposed  to  be  looking  N.E.  from  a  point  above 
the  Broad  Mountain. 


Note. — The  allusion  at  page  75  of  this  Volume  to  the  earnings  of  the  Lehigh  Coal  and  Navigation 
Company  is  not  correct.  The  Report  of  the  Managers  /or  1856  sho%vs  that  in  that  year  the  earnings  exceeded 
the  expenses  by  rather  more  than  1445,000.  The  par-agraph  crept  into  print  through  an  oversight,  such 
topics  being  irrelevant  to  the  purposes  of  th  is  luork. — H.  D.  R. 
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Acephalous  (Gr.  a,  without,  and  cephale, 
a  bead). — Applied  to  the  molluscous  aui- 
mals,  like  the  oyster,  which  have  no  dis- 
tinct head.  Most  of  the  bivalve  shells  are 
embraced  in  the  class  Acephala. 

Adit  A  horizontal  tunnel  penetrating  from 

the  surface  into  a  mine,  and  designed  as 
an  outlet  for  water.  f 

ALG.E  (Lat.  alya,  sea-weed). — An  order  of 
cellular  aquatic  plants,  embracing  the  sea-  I 
weeds  and  many  fresh-water  species. 

Alluvium  (Lat.  ad,  together,  and  luere,  to 
wash). — A  deposit  of  materials  washed  to- 
gether by  rivers,  floods,  and  other  moving 
waters,  upon  lands  not  permanently  sub-  ! 
merged. 

Anticlinal  (Gr.  anti,  on  opposite  sides,  and 
clino,  1  bend). — A  term  expressive  of  the 
dipping  or  declining  from  each  other  of 
two  sets  of  strata,  or  two  portions  of  one 
stratum,  as  the  two  slopes  of  a  wave  do. 

Arenaceous  (Lat.  arena,  sand). — Sandy. 

Argillaceous  (Lat.  aryilla,  clay). — Clayey. 

Auroral  (Lat.  aurora,  the  time  just  before 
sunrising).  —  The  second  series  of  the 
North-American  Palaeozoic  strata.  The 
term  has  been  chosen  to  express  the  early 
morning  or  daybreak  period  of  the  Appa- 
lachian Pakeozoic  day.  The  Auroral  lime- 
stones are  called,  in  the  New  York  no- 
menclature, the  Black  Kiver  and  Chazy 
limestone  and  calciferous  sandstone.  They 
represent  nearly  the  middle  Cambrian  or 
Festiniog  group  of  Professor  Sedgwick. — 
(See  vol.  ii.  p.  752,  and  vol.  v.  p.  105.) 

Axis  (Lat.  a.i  is,  a  pole  or  axle-tree). — Signi- 
fies in  geology  the  line  of  sharpest  bending, 
whether  convex  or  concave,  of  a  stratum. 
The  Anticlinal  Axis  is  equivalent  to  the 
crest  of  a  convex  wave  ;  the  Synclinal 
Axis  to  the  line  of  greatest  depth  in  a 
trough  or  concave  wave. 

Azoic  (Gr.  a,  without,  zoe,  life). — Applied  to 
a  group  of  rocks  underlying  the  Palteozoic, 
and  destitute  of  all  traces  of  once  vital 
organisms. 

Basalt. — A  common  variety  of  the  trappean 
rocks  ;  usually  dark  green  or  nearly  black  ; 
hard,  close-grained,  and  sometimes  regu- 
larly columnar.  It  is  an  igneous  rock, 
composed  of  augite  and  felspar.  | 

Basin. — A  concave  or  trough-like  form  in  a  | 
set  of  strata  ;  sometimes  applied  to  very 
wide  areas,  in  which  the  strata  are  cen- 
trally horizontal,  and  rise  to  the  surface 
only  at  the  margin. 

Benches.— Steps  or  terraces  on  the  slope 
of  a  hill,  sometimes  used  by  miners  to 
signify  the  layer  in  a  compound  seam  of 
coal. 

Bitumen  (Gr.  pit.iis,  mineral  pitch  or  tar). — 
An  inflammable  substance,  wliich  burns 
with  much  smoke  and  flame  like  pitch. 
The  inflammable  materials  of  the  so-called 
bituminous  coals  are  not  true  bitumens, 
but  various  other  compounds  of  hydrogen 
and  carbon. 

VOL.  II. 


Blackband. — A  miner's  term  for  a  coaly 
variety  of  ironstone,  or  clay  iron-ore,  which 
contains  fuel  enough  to  calcine  the  ore 
without  additional  coal. 

Bloom.- — A  large  lump  of  malleable  iron,  be- 
fore it  is  rolled  or  hammered  into  shape. 

Bloomery. — A  small  furnace  for  the  produc- 
tion of  malleable  iron  by  direct  contact 
with  charcoal  or  coke. 

Boulders. — Large  partially-rounded  lumps 
of  rock  imbedded  in  gravel  and  clay,  and 
supposed  to  have  been  rolled  by  water  or 
transported  by  ice. 

Brachiopoda  {Gi.  braclujs,  an  arm,  and  pons, 
p>odus,  a  foot). — An  order  of  mollusca  pro- 
vided with  spiral  arm-like  organs,  and  for 
the  most  part  enclosed  in  two  valves  or 
shells. 

Breaker. — A  mill-like  structure,  supplied 
with  machinery  for  breaking,  freeing  from 
slate,  and  sorting  anthracite  _coal  at  the 
mines. 

Breast. — A  miner's  term  to  express  the 
portion  of  a  sloping  bed  of  coal  or  other 
stratum,  included  between  one  horizontal 
gallei-y  and  another  above  it,  or  between 
such  a  gallery  and  the  outcrop. 

Breccia  (Ital.,  a  crumb  or  fragment).— Any 
rock  composed  of  recemented  angular  frag- 
ments. 

Bryozoa  (Gr.  hryos,  moss,  and  zoon,  an  ani- 
mal).— Minute  molluscous  animals  con- 
gregated upon  a  common  stock,  very  much 
as  the  compound  polypes  are,  each  animal 
residing  in  a  separate  cell.  The  living 
sea-mats,  Flustrse,  are  examples  of  this 
class. 

Buhr-stone. — A  porous  silicious  rock,  used 
for  mill-stones. 

Cadent  (Lat.  cadens,  falling,  waning). — A 
series  or  group  of  the  Appalachian  strata, 
metaphorically  expressive  of  the  declining 
of  the  American  Palfcozoic  day.  It  is  equi- 
valent to  a  part  of  the  older  Devonian 
series  of  Europe. — (See  vol.  i.  p.  107,  and 
vol.  ii.  p.  755.) 

Cainozoic  (Gr.  kainm,  recent,  and  zoe,  life). 
— Applied  to  the  upper  or  Tertiary  strata 
imbedding  remains  of  recent  or  living 
forms  of  life. 

Calamite  (Lat.  calamus,  a  reed). — A  reed- 
like jointed  stem,  resembling  the  living 
equisetum,  and  found  in  the  coal  strata. 

Calcareous  (Lat.  calx,  calcis,  lime). — A  rock 
containing  a  sensible  proportion  of  lime  ; 
usually  in  the  form  of  the  carbonate  of 
lime  ;  is  said  to  be  calcareous. 

Cambrian. — A  term  applied  to  the  oldest 
great  series  of  strata  embraced  in  the 
Palaeozoic  system  of  rocks.  The  word  is 
derived  from  the  classic  name  of  Wales, 
where  these  deposits  are  largely  devel- 
oped. 

Carboniferous  (Lat.  carlo,  coal,  and  fero, 
I  yield).- -Coal-yielding  or  coal-bearing. 
Applied  to  the  series  of  strata  embracing 
the  great  coal-formation. 


Cephalopoda  (Gr.  l-cphale,  head,  and  pous, 
podos,  a  foot). — The  most  highly  organised 
class  of  mollusca,  furnished  with  foot-like 
organs  around  the  head.  It  includes  the 
nautilus,  cuttle-fish,  &c. 

Chert. — A  rock  consisting  almost  exclu- 
sively of  silica.  Buhr-stone  is  a  porous 
variety  of  chert.  ^ 

Chlorite  (Gr.  chloros,greeii^h). — A  mineral, 
often  in  thin  scales,  resembling  mica,  and 
generally  of  a  dark-green  colour.  It  is  a 
constituent  of  chlorite  schist,  one  of  the 
metamorphic  rocks. 

Cleavage. — A  tendency  in  rocks  to  split  in 
thin  plates  in  a  uniform  direction,  which 
is  irrespective  of  lamination  or  original 
bedding. 

Conformable. — Strata  lying  in  parallel  order 
one  above  another. 

Crinoidea  (Gr.  krinon,  lily,  and  eidos,  form). 
—  Lily-shaped.  A  class  of  fossil  echino- 
derms  supported  on  slender-jointed  stems, 
and  somewhat  resembling  a  lily  in  outline. 

Crop. — The  edge  of  any  inclined  bed  or 
stratum  as  it  is  exposed  at  the  surface. 

Cycadites. — Fossil  plants  allied  to  the  liv- 
ing genera  Cycas  and  Zamia. 

Cypri.s. — A  family  of  minute  crustacean  ani- 
mals having  two  flat  valves  like  the  bivalve 
shells  of  many  mollusca. 

Denudation  (Lat.  de,  down,  and  nudus, 
naked). — The  cutting  away  of  upper  strata, 
and  the  laying  bare  or  naked  of  underlying 
ones. 

Devonian. — A  series  of  rocks  intermediate 
in  age  between  the  Sihu-ian  and  the  Carbon- 
iferous. Named  from  Devonshire,  where 
they  were  first  recognised  as  an  indepen- 
dent group. 

Diluvium,  Diluvial  (Lat.  dis,  asunder,  and 
luere,  to  wash). — Fragmentary  rocky  mat- 
ter, which  has  been  violently  strewn  by 
water. 

Dip. — The  downward  inclination  or  angle  of 
downward  slope  of  strata. 

Dolomite  (named  after  M.  Dolomieu). — 
Crystalline  magnesian  limestone. 

Dyke  (an  old  Saxon  word  for  a  wall  or 
fence). — A  wall-like  vein  or  intrusion  of 
any  igneous  rock  filling  a  fissure  in  an- 
other formation. 

Echinodermata  (Gr.  echino.%  urchin,  and 
derma,  a  skin.) — A  class  of  radiated  ani- 
mals covered  with  a  firm  crustaceous  in- 
tegument. It  embraces  the  star-fishes  imd 
sea-urchins. 

Encrinites  (Gr.  l-rinon,  a  lily). — A  fossil 
radiate  animal,  having  a  lily-shaped  body 
attached  to  a  long  jointed  stalk.  Eucrinal 
limestone  or  marble  is  a  limestone  largely 
composed  of  the  joints  and  fragments  of 
these  fossils. 

Entomostraca  (Gr.  cntomon,  insect,  and  os- 
tracon,  shell).— Shelled  insects,  crustacean 
animals,  so  named  in  contradistinction  to 
the  mallocostraca,  or  soft-bodied. 
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EocENK  (Gr.  tfos,  dawn,  and  htino.'i,  recent). 
— A  term  proposed  by  Sir  Charles  Lj-ell, 
and  now  generally  used  for  the  earliest- 
formed  group  of  the  Tertiary  strata,  from  ! 
its  showing  the  dawn  of  the  recent  or  liv- 
ing types  of  life.  Among  its  fossils,  from  ^ 
three  to  six  per  cent  belong  to  sliell-fish 
now  living. 

EscAiiPMENT  (Fr.  eacarper,  to  cut  steep). —  | 
The  steep  slope  or  abrupt  face  of  a  hill. 

Facies  (Lat.)  — a  term  of  recent  introduc- 
tion, expressing  a  prevailing  likeness  or 
general  aspect  among  organic  remains,  &c. 

Fault  Any  dislocation  in  strata  or  a  fissure 

accompanied  by  displacement. 

Felsi'athic. — Composed  of  felspar;  a  min- 
eral consisting  of  silica,  combined  with 
alumina  and  soda  or  potash,  all  in  definite 
proportions. 

Ferruginous  (Lat. /(■?■)■» iron). — Impreg- 
nated with  oxide  of  iron. 

Fireclay.  —  A  clay  destitute  of  alkaline 
earth,  or  other  ingredients  tending  to 
melt  it  in  a  hot  fire,  and  therefore  adapted 
to  resist  intense  heat. 

Foliation. —  The  crystalline  lamination  of 
metamorphic  strata. 

Formation. — A  stratum,  or  group  of  strata, 
insulated  from  others  by  its  distinctive 
organic  remains,  definite  composition,  and 
stratigraphical  position  ;  it  should  be  re- 
stricted to  signify  the  product  of  one  for- 
mative period  or  formative  process. 

Fossil  (Lat.  fossus,  dug  up). — Any  relic  of 
plant  or  animal  imbedded  in  the  earth's 
strata.  It  embraces  not  only  buried  or- 
ganisms vi'hich  have  been  petrified,  but 
casts,  moulds,  and  imprints  of  all  such. 

FucoiD  {funis,  sea-weed,  and  eido.i,  form). 
—  Fucus-like  impressions  met  with  abun- 
dantly in  the  older  strata. 

Gangwat. —  A  level  or  nearly  level  alley, 
used  as  a  roadway  in  a  mine.  Those  ho- 
rizontal alleys  not  used  as  thoroughfares 
are  simply  called  levels. 

Gap. — A  term  used  in  Pennsylvania  for  any 
deep  sharp  notch  in  a  mountain  -  ridge. 
Water-gaps  are  those  notches  or  passes 
which  penetrate  to  the  bases  of  the  moun- 
tains, and  give  passage  to  the  larger 
streams. 

Gasteropoda  (Gr.  (jaslcr,  belly,  and  ^joiis, 
foot). —  Molluscous  animals,  which,  like 
the  snail,  possess  a  distinct  head,  and 
move  by  a  muscular  foot  attached  to  the 
lower  part  of  the  body. 

Geology  (Gr.  ije,  the  earth,  and  logos,  doc- 
trine).— The  science  of  the  composition, 
structure,  history,  and  forces  discernible 
in  our  earth. 

Gneiss. —  A  stratified,  granitoid  rock,  com- 
posed of  crystalline  minerals,  but  display- 
ing a  regular  bedding  or  stratification. 

Gossan. — Any  loose  surface  vein-stone  con- 
taining traces  of  the  characteristic  ores  of 
a  mineral  lode  ;  usually  hyd  rated  per- 
oxide of  iron  derived  from  the  sulphuret 
of  iron. 

Granite. — A  crystalline  rock,  the  typical 
form  of  which  is  a  triple  aggregate  of  fel- 
spar, quartz,  and  mica. 

Greenstone.  —  An  ancient  igneous  rock, 
composed  of  felspar  and  hornblende. 

Gypsum.  —  Plaster-of- Paris,  or  sulphate  of 
lime  in  a  crystalline  form. 

HiEMATiTE  (Gr.  liaima,  blood). — Red  oxide 
of  iron.  Loosely  applied  in  the  United 
States  to  the  hydrated  brown  oxide  of 
iron. 

Hornblende. — A  dark  -  green  or  almost 


black  mineral,  heavier  than  quartz  or  j 
felspar,  but  not  so  hard,  and  recognised  ! 
by  its  peculiar  bitter  odour  when  breathed 
upon.    It  is  a  constituent  of  the  granitic 
and  trappean  rocks. 

Hydrogenous. — Containing  hydrogen. 

Hypozoic  (Gr.  hypo,  under,  and  zoe,  life). — 
A  term  for  the  gueissic  and  other  rocks 
which  lie  beneath  the  fossiliferous  strata. 
The  term  is  conveniently  restricted  to  the 
more  ancient  metamorphic  rocks  which 
underlie  the  Azoic  or  semi-metamorphic 
strata,  which  are  also  destitute  of  fossils, 
but  which  in  many  countries  immediately 
support  the  Palaeozoic,  or  those  containing 
organic  remains. 

Igneous  (Lat.  i'jnis,  fire). — A  term  applied 
to  those  rocks  which  have  obviously  been 
in  a  melted  state  from  intense  heat. 

Jurassic. — The  name  of  a  group  of  second- 
ary strata  largely  developed  in  the  Jura 
Mountains,  of  later  formation  than  the 
Triassic,  and  of  earlier  origin  than  the 
Cretaceous  or  Chalk  deposits.  It  is  syno- 
nymous with  the  Oolitic  system  of  Eng- 
land. 

Lacustrine  (Lat.  locus,  a  lake). — Belonging 
to  a  lake. 

Laminated. —  Dividing  into  thin  layers  or 
leaves. 

Lepidodendron  (Gr.  lepis,  a  scale,  and  den- 
dron,  a  tree).  — Fossil  plants  so  named 
from  the  scale-like  appearance  of  their 
leaf-scars. 

Levant  (Lat.  Icvare,  to  lift ;  Fr.  lever,  to 
rise).  —  Rising  :  a  term  applied  to  the 
fourth  series  of  the  Appalachian  Palaeozoic 
strata,  called  in  New  York  the  Medina 
group,  and  of  equivalent  age  to  the  May 
Hill  Sandstone  of  England.  It  signifies 
metaphorically  the  sunrise  period  of  the 
Pakuozoic  day. — (See  vol.  i.  p.  105,  and  vol. 
ii.  p.  753.) 

Lignite  (Lat.  Ugnuyn,  wood). — Wood-coal, 
or  fossil  wood,  somewhat  resembling  coal. 

Littoral  (Lat.  iMus,  the  shore). —  Of  shore 
origin,  in  contradistinction  to  production 
in  deep  water. 

Marl. — A  limy  or  calcareous  clay  or  shale. 

Matinal  (Lat.  matutinus,  morning). — The 
title  employed  iu  this  work  for  the  third 
series  of  the  Appalachian  Palaeozoic  strata, 
and  intended  to  express  the  morning  pe- 
riod of  the  Pahxozoic  day.  The  New  York 
titles  of  the  Matinal  strata  are  Trenton 
Limestone  and  Hudson  River  Slate  Group; 
the  nearest  British  equivalents  are  the 
Llandilo  and  Bala  rocks  of  the  Cambrian 
series. —  (See  vol.  i.  p.  105,  and  vol.  ii.  p. 
752.) 

Meridian  (Lat.  meridies,  mid-day). — Noon- 
day ;  in  allusion  to  the  mid-day  date 
of  the  strata  to  which  it  is  applied.  A 
term  appropriated  to  certain  middle  for- 
mations of  the  Appalachian  Paheozoic 
system,  which  are  called  iu  the  New  York 
Survey  the  Griskany  Sandstone,  and  which 
appear  to  be  on  the  horizon  of  the  lower 
Ludlow  rocks  of  England. — (See  vol.  i.  p. 
107,  and  vol.  ii.  p.  755.) 

Mesozoic  (Gr.  mesos,  middle,  zoc,  life). — A 
great  division  of  the  fossiliferous  strata, 
characterised  by  the  middle  forms  of  life. 
— (See  vol.  ii.  p.  759.) 

Metamorphism.  —  The  transformation  of 
strata  by  heat  or  chemical  action.  Meta- 
morphic strata  are  sedimentary  deposits 
which  have  been  hardened  and  made 
;      crystalline  without  losing  their  laminated  . 


structure.  Gneiss  and  mica-schist  are 
examples. 

Miocene  (Gr.  nifioH,  less,  kaitios,  recent). — 
A  name  proposed  by  Sir  Charles  Lyell  for 
the  middle  Tertiary  strata,  on  the  ground 
of  their  containing  a  less  proportion  of 
recent  (usually  Irom  18  to  24  per  cent) 
than  of  extinct  shells. 

Mollusca. — Literally,  soft  animals  ;  a  divi- 
sion of  the  Invertebrata  devoid  of  bones, 
but  for  the  most  part  encased  iu  shells. 

New  Red  Sandstone. — The  lowest  Mesozoic 
group,  or  Trias. 

Old  Red  Sandstone. — A  formation  of  the 
Uevonian  series,  named  from  its  lying 
below  the  Coal  -  formation,  in  contradis- 
tinction to  the  New  Red,  which  over- 
lies it. 

Oolite  (Gr.  oon,  egg,  lithos,  stone).  — 
Limestone,  consisting  chiefly  of  small, 
spherical  granules,  like  the  egg  or  roe  of 
a  fish.  The  Oolitic  strxicture  may  occur 
in  limestones  of  aU  ages,  but  abounding 
chiefly  in  those  of  the  Middle  Mesozoic 
period,  all  the  formations  of  that  epoch 
are  called  Oolitic.  The  synonym  Juras- 
sic is  getting  to  be  more  used. 

Orthoclrata  (Gr.  ort/ios,  straight,  xeras, 
horn). — A  family  of  the  cephalopodous 
class  of  molluscs.  They  are  striught,  horn- 
like shells. 

Pal^sontolooy  (Gr.  palaios,  ancient,  onta, 
beings,  logos,  doctrine). — The  science  of 
ancient  or  extinct  animal  and  vegetable 
fossil  remains. 

Paljsuzoic  (Gr.  palaios,  ancient,  zoe,  life). — 
The  most  ancient  or  lowest  great  divisioa 
of  the  fossiliferous  strata. 

Pleistocene  (Gr.  jileistos,  most,  kainos,  re- 
cent).— A  term  applied  to  those  strata  next 
older  than  those  now  in  process  of  forma- 
tion ;  the  word  imports  that  the  organic 
remains  belong  idmost  wholly  to  species 
now  in  existeuce.  Some  geologists  use  it 
as  synonymous  with  Post-tertiary  orQuar- 
ternary  ;  others,  with  more  propriety, 
make  it  a  division  of  the  Caiuozoic  period. 

Pliocene  (Gr.  pleion,  more,  kainos,  recent). 
— A  term  propo-ed  by  Sir  C.  Lyell,  and 
now  much  used,  for  an  upper  Tertiary 
group  of  strata,  implying  that  they  con- 
tain more  of  recent  than  extinct  oi-ganic 
remains. 

PoLYzoA  or  Brtozoa. — A  class  of  mollusca 
embracing  animals  enclosed  iu  cells  orga- 
nically associated,  having  a  receiving  and 
discharging  orifice  placed  near  together, 
and  a  mouth  surrounded  by  ciliated  ten- 
tacles. 

PoNENT  (Lat.  ponere,  to  set). — Setting:  the 
name  of  the  tweltth  series  of  the  Appala- 
chian strata,  nearly  equivalent  in  age  to 
the  Old  Red  Sandstone  of  Great  Britain. 
It  expresses  metaphorically  the  sunset 
period  of  the  Appalachian  Palaeozoic  day. 
—  (See  vol.  i.  p.  108,  and  vol.  ii.  p.  750.) 

Porpuyrt  (Gr.  porphijrcos,  purple)  Any 

igneous  rock,  of  whatever  colour,  com- 
posed of  a  pasty  mass  imbedding  distinct 
crystals. 

I'ost-meridian  (Lat.  post,  after,  meridies, 
noon). — Afternoon  :  a  term  applied  to 
the  series  of  the  Appalachian  strata, 
which  iu  the  New  York  Survey  has 
been  called  the  Upper  Helderbeig  or 
Coriiiferous  limestone.  The  word  refers 
to  the  part  of  the  Appalachian  day  at 
which  the  group  was  formed. — (See  vol.  i. 
p.  107,  and  vol.  ii.  p.  755.) 

Pre-merldian  (Lat.  pra,  before,  meridies, 
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noon). — Forenoon :  one  of  the  Appalachian 
Paleozoic  series  of  strata,  named  from  the 
relative  date  of  its  origin.  It  is  a  sjniouym 
for  the  Lower  Helderberg  limestones  of 
New  York. — (See  vol.  i.  p.  107,  and  vol. 
ii.  p.  754.) 

Primal  (Lat.  ^)r/(;i».s- ;  0.  E.  prime,  the 
earliest  dawn). — The  earliest  Pahcozoic 
series  of  the  Appalachian  Basin,  named 
from  originating  in  the  dawn  of  the  great 
Palicozoic  day  of  North  America. — (See 
vol.  i.  p.  104,  and  vol.  ii.  p.  751.) 

Primary,  Primitive. — Formerly  applied  to 
all  the  most  ancient  crystalline  non-fossili- 
ferous  rocks,  but  fast  becoming  obsolete. 
The  term  Primary  fossiliferous  strata  is 
sometimes  used  as  synonymous  with  Pal- 
aeozoic. 

Pyrites  (Gr.  pi/r,  fire,  ites  for  lifJiog,  stone). 
— The  name  given  to  the  combinations  of 
iron,  copper,  and  certain  other  metals, 
with  sulphur. 

QuAQUAVERSAL. — Dipping  in  all  directions 
from  a  common  centre. 

ScALENT  {scala,  a  ladder). — Climbing  :  ap- 
plied in  the  nomenclature  of  the  Appala- 
chian strata  to  a  series  of  rocks,  equivalents 
of  the  Onandaga  salt  and  water-lime  groups 
of  New  York,  produced  in  the  high  morn- 
ing period  of  the  American  Palpoozoic  day. 
—(See  vol.  i.  p.  lOG,  and  vol.  ii.  p.  75i.) 

Schist  (Gr.  srhisma,  division). — Applied  to 
rocks  of  a  foliated  structure  which  split 
in  thin  irregular  plates,  and  not  by  parallel 
cleavage. 

Schorl. — Black  tourmaline. 

Schute. — An  inclined  trough  for  the  con- 
veyance of  mineral  matter  from  one  ele- 
vation to  a  lower;  employed  at  landings 
for  discharging  coal  into  boats  and  railroad 
cars.  The  name  is  also  applied  to  narrow 
sloping  galleries  within  the  coal-mines, 
down  which  the  coal  is  pushed  to  the 
gangways. 

Seam. — Strictly  a  line  or  plane  of  separation, 
but  applied  in  geology  to  thin  regular 
layers  or  subordinate  strata,  especially  to 
beds  of  coal,  for  which  it  is  a  preferable 
term  to  the  word  vein,  in  common  use  in 
Pennsylvania. 

Secondary  Strata. — Applied  originally  to 
all  fossiliferous  strata  above  the  Primary  or 
non-fossiliferous.  and  below  the  Tertiary. 
If  used  at  all,  it  should  be  restricted  to 
signify  Mesozoic. 

Section  (Lat.  sectus,  cut  through). — An 
actual  or  ideal  exposure  of  any  part  of  the 
earth's  crust,  showing  the  strata  edgewise, 
as  if  they  were  laid  open  by  a  cut. 


Seral  (Lat.  scro,  late  ;  Fr.  noir,  night). —  j 
Late  :  a  synonym  for  the  coal-formation,  : 
expressing  the  period  of  the  nightfall  or 

I      late  twilight  of  the  Appalachian  Pateozoic  ; 

I      day. — (See  vol.  i.  p.  109,  and  vol.  ii.  p. 

i  7.58.) 

I  Series. — A  natural  group  of  formations  dis- 
tinguished from  all  others  by  characteristic 
!      organic  remains.      Less  comprehensive 
\      than  the  word  system,  which  is  reserved 
for  the  greater  divisions — the  Palajozoic,  | 
&c. 

Shale  (Ger.  schalen,  to  peel  or  shell  off). — 
Applied  to  the  clay-derived  or  argillaceous 
rocks  which  split  or  peel  ofFin  thin  lamiuK 
or  scales.  It  differs  from  slate  in  signify- 
ing an  irregular  splintery  cleavage— slate 
expressing  a  more  regular  leaf-like  lami-  | 
nation. 

SlLicioDS  (Lat.  silc.r,  flint).  —  Applied  to 
rocks  containing  silex  or  quartz. 

Slate. — A  term  restricted  to  those  argilla- 
ceous rocks  which  possess  a  regular  cleav- 
age, or  nearly  parallel  lamination. 

Slope. — In  coal-mining,  means  a  slanting 
pit  or  shaft,  descending  in  the  plane  of  a 
coal-bed,  and  provided  with  a  double 
railway  -  track,  stationary  steam-power, 
and  pumping  apparatus  for  winding  up 
the  coal  and  pumping  the  water  from  the  i 
mine. 

Splint  or  Splent  Coal. — A  Scotch  name 
for  a  firm  variety  of  bituminous  coal  which  ] 
breaks  in  elongated  slabs. 
Stratum  —  plural.  Strata  (Lat.  stratum, 
strewn  or  spread  out). — Any  layer  or  group 
of  layers  of  sedimentary  matter.    Unstra-  \ 
tified  rocks  are  such  as  exhibit  no  indica-  I 

1      tions  of  having  been  formed  in  layers. 

I  Strike. — The  direction  or  trend  of  any  rock 
traced  horizontally. 
Sump. — A  miner's  term  for  a  shallow  pit  or  ' 

j  well  at  the  bottom  of  a  mine-shaft  or 
slope,  into  which  the  water  of  the  mine  is 
made  to  drain,  and  from  which  it  is  lifted 

I      by  pumping  to  the  surface. 

j  Surgent  (Lat.  suri/cre,  to  I'ise). — Rising: 
the  fifth  series  of  the  Appalachian  strata, 

I  synonymous  with  the  Clinton  group  of 
New  York,  and  partially  equivalent  in  age 
to  the  Silurian  Wenlock  formation  of 
England.  The  term  has  a  metaphorical 
allusion  to  the  period  succeeding  the  sun- 
rise, or  that  of  the  ascending  day. —  (See 
vol.  i.  p.  106,  and  vol.  ii.  p.  7.53.) 
Synclinal  (Gr.  .ii/i>,  together,  and  Hhio,  I 
bend). — A  term  significant  of  a  trough- 
like structure,  or  the  dipping  towards  each 
other  of  two  sets  of  strata. 

Tertiary. — The  third  or  upper  great  divi- 


sion of  the  stratified  rocks.  Still  much 
in  use,  though  the  .synonymous  term 
Cainozoic  is  preferable. 
Trap,  or  Trappean  (Swed.  trappa,  a  stair). 
— A  name  applied  to  certain  igneous  or 
volcanic  rocks,  such  as  tabular  greenstone 
and  basalt,  which  tend  to  assume  a  stair- 
like outline.  It  includes  all  igneous  rocks, 
not  granitic  on  the  one  hand,  nor  strictly 
volcanic  on  the  other. 

Umbral  (Lat.  nmhra,  a  shade — dusk). — 
Shady  :  the  name  applied,  in  the  nomen- 
clature employed  in  this  work,  to  the 
fourteenth  series  of  the  Appalachian 
strata,  or  that  which  corresponds  in 
period  with  the  carboniferous  limestone 
of  Europe  ;  it  expresses,  metaphorically, 
the  twilight  or  dusk  of  the  Appalachian 
Palreozoic  day. — (See  vol.  i.  pp.  108,  and 
vol.  ii.  p.  757.) 

Vein  (Lat.  retm). — Mineral  or  metallic  mat- 
ter, filling  a  rent  or  fissure  in  any  rocky 
mass.  The  term  is  not  applicable  to  a 
sedimentary  bed  or  stratum,  however 
thin. 

Vergent  (Lat.  rergere,  to  decline,  to  sink). — 
Declining  :  a  series  of  the  Appalachian 
Palaeozoic  strata  equivalent  to  the  Che- 
mung group  of  New  York,  and  of  the  age 
of  the  middle  Devonian  rocks  of  Europe. 
The  term  expresses,  metaphorically,  the 
descending  day  or  period  before  sunset. — 
(See  vol.  i.  p.  108,  and  vol.  ii.  p.  7.56.) 

Vesicular  (Lat.  resicida,  a  little  bladder). 
— Applicable  to  rocks  containing  minute 
bladder-like  cavities. 

Vespertine  (Lat.  vesper-tin  us). —  Evening: 
the  thirteenth  series  of  the  Appalac'uian 
strata,  equivalent  to  the  lowest  carboni- 
ferous group  of  Europe.  The  word  ex- 
presses the  evening  of  the  American 
PaloBozoic  day. 

Volcanic  (Lat.  rnlcamis). — Igneous  action 
at  the  surface  of  the  earth,  in  contradis- 
tinction to  plutonic  or  igneous  action 
deep  in  the  interior.  The  phrase  is 
generally  employed  for  all  igneous  pro- 
ducts not  granitic  or  trappean. 

Winze. — A  schute,  or  sloping  passage  ex- 
tending from  one  level  to  another  in  a 
lead  or  copper  mine. 

Zoophytes  or  Zoophyta. — Polypes:  animals 
of  a  radiate  structure,  a  gelatinous  or 
fleshy  substance  provided  with  a  crown  of 
tentacles  around  the  entrance  to  the  sto- 
mach. The  class  embraces  corals,  actinia), 
&c. 
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Abel  and  Flexer's  limesl.  quarries,  i.  23.5. 

Aliinston,  Aur.  limest.  belt.  i.  211— limest.  quarries, 

details,  i.  213. 
Acadiun  geology  cited,  ii.  943. 
Acklaud's  gl■i^t-mill,  gneissic  rocks,  i.  84. 
Acop'.s  quarry,  i.  153. 
Adamsbnrg  limest.  knobs,  i.  406. 

Adams  County,  anti.  belt  of  Pri.  slates,  i.  184— Aur. 

limest.,  i.  223 — Meso/.oic  red  sandst.,  i.  203,  207 — 

Pri.  slates,  i.  P23 — Pri.  strata,  ii.  123. 
Adam  Slabl  Vein,  syn.  axis  to  tlie  S. ,  ii.  .'52,  89. 
Adam's  Tunnel,  ii.  203 — slope  coal,  ii.  204. 
Adder's  Kidge,  Cad.  and  Verg.  rocks,  dip,  i.  £128. 
Additional  sections,  ii.  1023. 
.lEIurodon  ferox,  ii.  773. 

Age  of  red  sandst.,  ii.  ()93— Wlieatley  lode  and  trap- 
dykes,  ii.  702. 
Agtiostus  lobatus,  ii.  820. 
Agrioclicerus,  ii.  771. 
Air-bole  Coal,  Bear  Gap,  ii.  192. 
Albert  Mine,  Hillsborough,  ii.  946. 
Albion  Mines,  ii.  949. 
Aletbopteris,  ii.  S64,  SfiO. 

Alexander's  Cave,  dip  of  magnesian  limest.,  i.  476 — 

streams  of,  i.  470. 
Alexander  and  Diarmid's  ore  openings,  i.  516. 
AlgEP,  ii.  ^48. 

Alleghany  arsenal,  winds  at,  i.  57 — ^escarpment,!.  569 — 
Pon.  strata,  i.  548 — section  furnace,  ii.  594 — Moun- 
tain, i.  19,  116,  117,  118,  119,  120,  ii.  467,  4S0,  494, 
529— Cad.  and  Verg.  rocks,  i.  540 — form  of  the 
escarpment,  i.  565 — Serai  conglomerate,  ii.  24 — I*on. 
red  sandst.  and  shales,  thickne.ss,  i.  541 — Pon.  rocks, 
thickness,  i.  300 — Pon.  strata,  i.  42 — Pon.  rocks,  i. 
440 — 'Verg.  rocks,  i.  140,  141 — Vesp.  rocks,  i.  143, 
ii.  143. 

Alleghany  River,  ii.  488 — its  basin,  i.  42 — scenery  and 
structure  of,  i.  36— drainage  of,  i.  35 — origin,  range, 
details,  i.  51,  52— rise  and  dimensions,  i.  578— tabu- 
lated details  of,  i.  46 — section  of,  ii.  578 — slope, 
limest.  quai  ry,  grindstones,  i.  552— summit,  ii.  <i52 
— table-land  .scenery,  i.  34. 

AUegrippus  Ridge,  Cad,,  Verg.,  and  Pon.  rocks,  i. 
526— Pon.  rocks,  i.  521. 

AUetitown  Bridge,  Pri.  sandst.,  i.  196— to  Coopers- 
town,  structure  of  South  .Mountains,  i.  100— iron  ore, 
i.  203— east  of,  i.  93. 

Allenville,  fragments  of  Mat.  sandst.,  i.  480. 

Alps,  tlie,  ii.  UDl — generalised  section  of,  li.  902, 

Alsboch's  Coal,  ii.  571. 

Alterations  produced  by  trap-dykes,  ii.  685. 

Alum  bank,  Cad.  rocks,  i.  503. 

Amberson's  Knob,  i.  315.  332— Valley,  i.  114,  .3.3.3— 
13th  anti.a.visin  the  Mat.  slates,  i.  316 — Mat.  slate, 
i.  323 — 7th  and  8th  anti.  axes  in  Mat.  slates,  i.  316 
— position  and  dimensions,  i.  318. 

Ambonychia  bellastriata.  ii.  819. 

American  equivalents  of  European  strata,  ii.  741,  742. 
American  and  European  coal-tields,  ii.  1015. 
Amount  of  coal  mined,  ii.  1018. 
Amphicyon,  ii.  771. 

Analyses  of  Cad.  and  Verg.  ores,  ii.  733 — of  ha'matitic 
ores  of  Aur.  limest.,  ii.  727,  728 — of  iron  ores,  ii. 
740 — of  iron  ores  of  coal-mea-sures.  ii.  739— ores  of 
the  gneiss,  ii.  717 — of  Prem.  ores,  ii.  732 — of  the  Pri. 
slates,  ii.  721 — of  Surg,  iron  ores,  ii.  731 — of  Umb. 
iron  ores,  ii.  734. 

Anchitherium,  ii.  771. 

Anderson's  Creek,  ii.  4S4,  536 — Farm,  coals,  ii.  .337 — 

Knob,  synclinal,  ii.  460. 
Andersontown,  i.  340 — limest.  ridge,  i.  317 — Mer. 

sandst.  ridge,  i.  352— 6th  anti.  axis  in  the  Verg. 

shales,  i.  315— Surg.  rock.  i.  33.9. 
Annual  product  of  coal,  ii.  1018. 
Annularia,  ii.  852. 

Anthracite,  ii.  991 — coal-basins,  views  from  their  ter- 
minal knobs,  i.  23— Poitsville,  Plate  II.,  ii.  152— 
Sulem  Hollow,  ii.  152— coal  fields,  ii.  1,  465 — oo.al- 
measures,  ii.  5 — older  cual-nieasures,  strata  thick- 
ness, ii.  17 — region,  structure,  position,  details,  i. 
117,  118 — coal-trade,  ii.  1019— conglomerate,  grada- 
tion in  thickness,  ii.  24— districts,  survey  of  the  belts, 
i.  119— general  limits,  ii.  4 — mines  of  the  first  coal- 
basin,  i.  7. 

Anticlinals,  ii.  29,  .364,  365 — in  Aur.  limest.  in  Kitta- 
tinny  Valley,  i.  244. 

Anticlinal  axes  B  and  B  at  Tamaqu.a,  ii.  80 — of  bitu- 
minous coal-field,  ii.  479 — of  Blacklog  Valley  and 


M'^Connellsburg  Cove,  i.  428 — along  the  Blue  Ridge, 

i.  413— N.E.  of  Buckstown,  i.  5.)9— at  Bushy  Creek, 

ii.  Ill,  112 — Cad.  and  Verg.  rocks,  i.  3G1 — between 
Coal  Run  and  Buck  Run,  ii.  295 — Eastern  Jline 
Hill,  ii.  199— in  Kishacoquillas  Creek,  details,  i.  407 
—in  Lewi.stown  Valley,  i.  .'iUO,  403 — limest. strata,  i. 
459 — local  details,  i.  309 — Loop  Mountain,  i.  4S2 — 
Mer.  sandst.,  i.  420,  422— Mine  Hill,  ii.  201— south 
of  Mine  Hill,  origin,  range,  details,  ii.  100 — in  Path 
Valley,  i.  318 — Sea.  and  Prem.  limest.,  i.  418 — near 
Scranton,  details,  ii.  342— .around  Scranton,  ii.  344 — 
Sharp  Mountain,  ii.  27 — Sherman's  Valley,  i.  314 — 
Silver  Creek,  ii.  119 — between  Silver  Creek  and  Mill 
Creek,  ii.  122 — spurs  of  Bear  Meadow  Mountain,  i. 
513— Surg,  and  Sea.  strata,  i.  337,  338— third  belt  of 
Sixth  District,  i.  462 — Western  division  of  Fourth 
District,  details,  i.  307,  308— axis,  i.  159— B,  range, 
identity,  ii.  98 — of  Bear  Ridge,  ii.  270 — Buck  Moun- 
t.ain  Co. 's  estate,  ii.  252— Buck  Ridge  and  Peaked 
Mountain,  structure,  ii.  210 — B,  north  of  Tamaqua, 
ii.  97— south  of  Carbon  Run,  ii.  289 — Chiques  Ridge, 
i.  94— Coal  Run  to  Furnace  Run,  ii.  29.5 — opposite 
CoaMiun  Gap,  origin, &c.,  ii.  294 — west  of  Coal  Run, 
details,  ii.  295 — C,origin,&c.,  ii.  96— Cove  Mountain, 

i.  322 — C,  near  Tuscarora,  details,  ii.  105 — U,  details, 

ii.  122 — 1),  origin,  range,  details,  ii.  85 — E,  iL  122 — 
Deep  Valley,  ii.  225— east  of  lleckscherville,  ii.  202 — 
E,  origin,  range,  ii.  87 — F,  details,  ii.  122 — near 
Friedensville,  i.  101 — P,  west,  ii.  141— G.  details, 
ii.  122— G,  origin,  &c..  ii.  90— H,  details,  u.  122— 
H,  origin,  range,  details,  ii.  91 — .1,  ii-  137 — west  of 
Llewellyn,  ii.  46 — Little  Mine  Run,  ii.  276 — west  of 
Mill  Creek  basin,  ii.  226 — Muddy  Branch,  ii.  46 — 
N,  ii.  157 — Nittany,  -Nippenose,  and  Mosquito  Val- 
ley, i.  488— O,  ii.  158,  159— P,  ii.  ICO— Planes  dis- 
located, ii.  897 — Prater's  Ridge,  i.  422— Q,  details, 
ii.  IG.'i— Roxhury,  i.  261— Shade  Mountain,  i.  367— 
Siiamokin,  details,  ii.  295  —  in  the  west  bank  of 
Sliamokin  Creek,  ii.  289 — the  Swatara  Railroad,  ii. 
40 — Tuscarora  Mountain,  i,  331 — belts  of  the  east- 
ern middle  coal-field,  ii.  239— No.  1  of  coal-fields, 
ii.  239— No.  2  of,  ii.  240— No.  3,  range,  ii.  241— Nos. 
4,  5,  ii.  242— fifth  district  of  Pal.-cuzoic  region,  i.  114, 
11.5— Pri.  rocks,  i.  162,  163— Barren  Hill,  i.  161— 
south  of  Creitz  Creek,  i.  1S4 — Big  Mine  Hun.ii.  275 — 
comparison  between  southern  and  northern,  i.  308 — 
crests,  i  25 — D,  Casca  'William  Creek,  ii.  lo8 — 
fingers  of  gneiss,  i.  76,  77 — flexures,  ii.  2— Blacklog 
Valley,  i.  370 — Carbon  Run,  ii.  307— in  the  coal- 
measures,  ii.  27 — Coal  Run  B;isin,  ii.  297 — descrip- 
tion, ii.  ,3— Dry  Valley,  i.  400— fifth  district,  Paleo- 
zoic region,  i.  114,  115 — ftlcCall's  Ferry,  i.  187 — 
Middleton's,  i.  161 — Mill  Creek,  ii.  141 — Montour's 
Ridge  to  the  Alleghany  Mountains,  i.  453 — Mount 
Carniel  Basin,  i.  270,  271.  ii.  2S0,  281— Orwigsburg 
and  Stroudsbnrg  Vallty.  i.  1 13— .saddles,  classifica- 
tion, description,  ii.  28— .'<lianii)kin  G.ap,  ii.  296 — 
sxith  district,  i.  116,  117— South  Mountains,  i.  94 — 
Tamaqua  and  Port  Clinton,  details,  i.  289— White 
Stone  Valley,  i,  512,  513 — western  middle  coal  field, 
ii.  260 — P,  origin,  &c.,  ii.  88,  89 — F,  Woodside,  ii. 
169 — I,  ii.  95 — Luck  and  Canoe  niiiuiitaiiis.  i.  554 — 
Mine  Ridge,  ii.  277 — mountains,  exuniplosul  scenery, 
i.  20,  21— spurs  we.st  of  the  Snsqiieliaiina,  i.  116 — 
ridges,  how  eroded,  ii.  921 — ridges,  iiistanot  s,  i .  11 — 
Pri.  sandst.  ,Churchtown,i.  179 — Wi:;litsvil!ttoYork, 

i.  223 — ridges  and  valleys, i.  10 — rolls  or  local  saddles, 

ii.  88 — north  of  Singley's  farm,  ii.  .'^4 — S,  structure, 
ii.  166— southern  coal-basin.  Little  Schuylkill,  ii. 
52 — spurs,  i.  186 — Surg,  rocks,  Buckstown  Moun- 
tain, i.  501 — south  of  Tnscarora  Hill,  details,  ii. 
107 — from  Tuscarora  to  East  Norwegian,  ii.  90 — 
Be.aver  Me:ulow  coal-field,  ii.  244 — valleys,  i.  9, 
15  —  structure,  i.  16— scenery,  i.  30,  116,  527, 
ii.  941 — of  depression  and  erosion,  i.  16 — of  eleva- 
tion and  erosion,  i.  16— north  of  Amity  township, 
i.  200. 

Anticosta,  island  of,  ii.  785. 

Anti's  Gap,  drift-mound,  i.  4S9. 

Antiet:ini  Creek,  white  limest.,  i.  258. 

Appalacliimi  chain,  i.  5— valleys,  i.  15— north-western 
half,  structural  features,  i.  '461— west  of  the  Susq., 
subdivisioits,  i.  434 — coal-basin,  range,  &c.,  ii.  1.5— 
subdivisions  of  strata,  ii.  16— coal-field,  ii.  954,  959 
—ocean,  revolution  in  its  physical  geography,  i.  253 
— Palaeozoic  basin,  ii.  748— ridges  proper,  on  third 
belt  of  the  second  district,  i.  7— valle.vs,  contractions 
and  expansions,  i.  6 — its  character,  ic.,  i.  6 — lowest 


level,  i.  6 — longitudinal  outline,  i.  6 — second  belt  of 

the  second  district,  i.  6. 
Aquanchicola,  Surg,  red  shales,  i.  283. 
Appendix  to  Book  VUI.,  it.  413. 
Aramink  Creek,  exposure  of  PrL  rocks,  i.  155,  156. 
Archibald,  ii.  325 — coal-seams,  ii.  331 — main  bed,  ii. 

335 — west  section,  ii.  334. 
Areas  of  coal-basins  of  Pennsylvania,  ii.  465 — Missouri 

coal-field,  ii.  965— of  co.al-fields,  ii.  1015 — of  chief 

river-basins,  i.  41 — of  great  geological  groups,  ii.  743 

— once  possessed  by  Pittsburg  coal-seam,  ii.  800 — 

area  of  State,  i.  2. 
Argillaceous  sandst.,  i.  60. 
Armagh,  ii.  660. 

Armenia  Mountain  at  Blossburg,  L  310 — Pon.,  L  142 
— Pon.  rocks,  thickness,  i.  300 — Pon.  strata,  i.  142. 

Armstrong's  Mill.ii  .584— Mine,  ii.  375 — Valley,  i.  114 
— 10th  anti.  axis  in  the  Pon.  rocks,  i.  316. 

Arnold's  Mill,  red  sandst.,  i.  223 — Pri.  slate,  i.  185. 

Arragonite,  west  from  Kutztown,  1.  251. 

Arthropliycus  Harlaiii,  ii.  821. 

Asbestos  iu  joints  of  trap-rock,  ii.  692. 

Ashby-de-lu-Zouch  coal-Held,  ii.  980. 

Ashland  anti.  axis,  ii.  272— basin,  structure,  details, 
ii.  272 — and  Catawiss^i  road  coal-measures,  ii.  292 — 
Gap,  ii.  147 — Ser.  series,  i.  147 — coal-field,  ii.  276 — 
series  of  coals,  274,  275. 

Ashton  and  Tamaqua  north  basin,  ii.  30. 

A  sky's  Run,  i.  552. 

Asplenites,  ii.  864. 

Asterophyllites,  ii.  851,  852. 

Astonville,  ii.  514 — section,  ii.  515— conglomerate,  ii. 

148— Umb.,  i.  145— Vesp.,  i.  143. 
Atchafalaya  Raft,  ii.  801. 

Atkinson's  Mill,  Sea.  and  Prem.  limest.,  i.  417. 

Atlantic  belt,  ii.  7(i7 — drainage,  i.  40 — metamorphic 
belt,  ii.  747 — river-basins,  i.  41 — slope,  i.  4,  ii.  747 — 
of  Pennsylvania,  climate,  i.  52 — physical  break,  i.  63. 

Atrypa,  ii.  825 — aspira,  ii.  828— congesia,  ii.  823— 
eximia,  ii,  829 — liystrix,  ii.  829 — intermedia,  ii.  823 
— lievis,  ii.  825 — limittris,  ii.  826 — peculiaris,  ii.  825 
— plicifera,  ii.  817 — reticularis,  ii.  823 — unguiformis, 
ii.  826. 

Attleborough,  Pri  rocks,  see  section,  i.  152. 
Audenried  Company's  shaft,  ii.  .385. 
Augwick Creek,  limest.  belt,  i.  418 — Valley,  i.  115,  397. 
Atigusta  Furnace,  i.  267 

Aur.  arg.  limest.,  near  Bern  Church,  i.  253— east  of 
Jonestown,  i.  253 — Northkill,  i.  25:! — Relirersburg, 
i.  253  —  Irom  Wonielsdorf  to  Bernville,  i.  253 — 
calc.  sand.,  i.  112— .at  Columbia,  i.  123 — character 
and  thickness,  i.  105 — outcrops  north  of  Chester 
j  County  Valley,  details,  i.  231,  232— blue  limest.,  ii. 
782  —  iron  ores,  ii.  722 — limestone,  i.  92,  116 — 
anticlinals,  i.  244— anti.  valleys,  i.  117 — .\ttle- 
i  borough,  character  of  exposures,  i.  224 — basins,  i. 
17() — boundary,  i.  257 — insulated  belts,  i.  224 — belt 
in  Path  Valley,  i.  322— south  of  the  Pigeon  Hills,  i. 
22"2 — between  Two  Top  and  Little  Cove  Mountains, 
i.  262— south  of  Bethlehem,  i.  236— in  Blackleg 
Valley,  i.  370 — Bucks  Countv,  near  New  Hope.  i. 
208— near  Bucker's  Hill,  i."  99  — Chester  County 
Vallev,  i.  208 — in  Chester  and  Montgomery  Valley,  i. 
Ill— of  Chestnut  Hill,  i.  242— Cliiques  Kidge,  i.  194 
. — Delaware  River,  i.  241 — between  the  Delaware  and 
Schuylkill,  i.  2uS— Delaware  to  the  Schuylkill,  i.  233, 
241— ^Durham  Hill,  i.  99— metamorpliisni,  i.  212 — 
fossils,  i.  229 — south-western  part  of  Franklin 
County,  i.  261 — Friend's  Cove,  i.  507,  508 — Keeleys 
Tavern,  i  200— Kishacoquillas  Valley,  i.  478 — Kit- 
tatinny  Valley,  between  the  Susquehanna  and  M.ary- 
land,  i.  "257 — Lancaster  iind  York,  i.  208,  220 — 
Lehigh  and  Berks.  196,  197— Lehigh  Hills,  i.  97, 
99 — junction  at  Lehigh  with  Mat.  slate,  i.  241 — 
Little  Swatara,  i.  255— south-west  of  Lobaili's  Mill,  i. 
198— month  of  Martin's  Creek,  i  242 — near  Martin's 
Creek,  i.  243, 244— Neversink  Hill,  i.  103— Nipiieuose 
Valley,  caves,  i.  490— boundary  from  Schuylkill  to 
I  Stouchtown,  i.  251— Path  VaUey,  i.  318— Pleasant 
j  Valley,  at  Joel  Bailey's,  Taggarfs  Cross-roads,  &c., 
!  i.  22tt— quarries  near  Boalsburg,  i.  501— quarries,  i. 
213— quarries,  Swatara,  i.  255— qutirries.  Upper 
Meirion,  i.  213.  214— quarries  below  Wrightsvilie,  i. 
222— quarries  near  York,  i.  222 — Myerstown,  i.  251 
— Saucon  Creek,  i.  234 — South  Mountains,  east  of 
Schuylkill,  i.  200— east  of  Stuinpstown,  i.  'loi — 
I  subdivisions,  i.  471— syn.  troughs,  i.  94— between 
j      Susquehanna  and  Maryland,  i.  258 — Upper  Mdi'urd, 
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i.  236— Valley  nf  Montgomery  and  Chester,  i.  209— 
axis  of  Wolf's  Hill.i.  242. 
Aur.  niagiie-sian  liiiiest.,  i.  Ill,  112— on  the  Schuylkill, 
i.  124— near  Bellelonte,  i.  470— cliaracier  and  thiol>- 
ness,  1.  1(15— Kittatinny  Valley,  i.  238— in  Kishaco- 
quillas  Valley,  i.  470— Littli-  Nortlikill,  i.  2.32— Main 
NortlikiU.  i.  2o2— Matsan's  Run,  i.  103,  lUii- Valicy 
of  Montgomery  and  Chester  Counties,  i.  l(il— south- 
east district,  i.  208 — e-xposure  near  Strickler's  Run, 

i.  22(1. 

Aur.  period,  ii.  749 — physical  jieograpliy  of,  ii.  781. 

Aur.  rocks,  i.  117— Canoe  Valley,  i.  5(Jo— Kisliaco- 
quillas  Valley,  i.  402  — Kittatinny  Valley,  i.  112— 
.South  Mountains,  i.  112 — south-east  district  of 
Palajzoic  region,  i.  Ill — near  Willianishurg,  i.  50d. 

Aur.  series,  ii.  752. 

Aur.  strata  of  Atlantic  slope,  i.  149 — Spring  Mill,  i. 

164,  105— thicknesses  of,  i.  123,  124. 
Austin  on  structure  of  south  of  Ireland,  ii.  900. 
Avieula,  ii.  827.  833 — damnoniensis,  ii.  829 — decussata, 

ii.  827 — flabella,  ii.  827 — insuota,  ii.  820— subplana, 
ii.  82.3. 

Avondale  Tunnel,  ii.  412. 

Axis-planes,  ii.  890— of  the  flexures,  i.  192. 

A.xes  traced ,  ii.  3()2,  370. 

Ayer's  Store,  Pri.  rocks,  i.  173. 

Ayi-shire  coal-tield,  ii.  i(84. 

Azoic  region,  west  ot  the  Brandywine,  L  158 — rocks, 

i.  61,  107,  lOS— strata,  ii.  744. 
Babb's,  ii.  302 — lot.  at  W  aiTior  Creek,  ii.  391. 
Backbone  Ridge,  Cadent  shale,  527 — vein,  tabulated, 

details,  ii.  196. 
Back-track  railroad,  ii.  49. 
Bad  Lands,  ii.  771. 

Bailey's  Farm,  gneiss  in  Aur.  limest.,  i.  227 — limest. 

quarry,  east  of  i'ine  Creek,  i.  544. 
Bainbridge  village,  i.  49. 
Baird  Knob  Terrace,  i.  4S2. 

Baird's  and  Stewart's  knobs,  chaiacter  of  the  strata, 
i.  476. 

Bake  Oven  Knob,  jiosition,  i.  288. 

Balil  Eagle  canal,  exposiu-es  of  Aur.  limest. .  i.  471 — 
Creek,  Cadent  olive  shite  rocks,  i.  552  — valley, 
section  at  Eagle  Furnace,  i.  546 — mountain,  i. 
11,  15,  116,  117,  ii.  2 — exposures  of  the  strata,  i. 
488— gleu  from  Anti's  Gap,  i.  491 — uorth-east  of 
Hannah  Furnace,  i.  553 — I^evant  grey  sandstone, 
thickness,  i.  473 — Levant  red  sandstone,  thickness, 
i.  473— near  Little  Juniata  tia|),  i.  553 — Mat. 
slates,  i.  495 — Mer  sand.,  i.  439 — south-west  of 
Milsburg,  composition,  i.  552  —  Surg,  slates  and 
iron  sand.,  L  536 — jiroHles  of  the  crest  and  terrace, 

i.  553 — vegetation,  &c  ,  i.  545 — opposite  Williams- 
port,  i.  15 — range,  i.  117 — ridge,  i.  19 — valley,  com- 
parison of  sections,  change  iu  the  geological  struc- 
ture, i.  551 — scenery  of,  i.  49,  534,  535. 

Bald  Ridge,  ii.  617. 

BaUiot's  iron-ore  mhies,  i.  264— mine,  ii.  724 — old 

slope,  big  coal,  ii.  262. 
Ball  ore,  ii.  3.")9. 
Baltimore  bed,  ii.  .386,  .393. 
Baltimore  and  Carlisle  turnpike,  i.  204. 
Baltimore  Co.'s  coal.  ii.  380 — coal-bed  subdivisions, 

ii.  381 — mine,  ii.  327 — old  mine  anti.,  ii.  381. 
Barclay's  Drift,  ii.  513. 

Barcleugh  vein  at  West  Branch,  ii.  170. 
Bare  Ridge,  saddles,  ii.  33 — colliery,  ii.  417. 
Barn  coal,  ii.  40. 

Barne's  Run,  ii.  242 — coal-basin,  202. 
Barnett  s  coal,  li.  452,  453. 
Barnura's  Mine,  ii.  3(>2, 
Barren  group,  ii.  493,  502,  503. 

Barren  Hill,  i.  73— anti.  axis,  i.  101- flexure,  i.  211 
— exposure  of  Pri.  rocks,  i.  155,  150 — Pri.  rocks,  i. 
150,  151— school-house,  i.  168.  192. 

Barren-measures,  ii.  607,  609 — Pittsburg,  ii.  633. 

Barren  Ridge  foss.  limest  ,  i.  497. 

Barrens,  i.  16,  501,  505,  629 — iron  ore,  i.  499 — lime- 
stone, i.  494 — sandstone  rucUs,  i.  41*7. 

Bartlett  s  Run,  exposure  of  foss.  chert,  i.  54.5. 

Bart  township,  belt  of  Pri.  and  Aur.  rocks,  i.  Ill — 
Aur.  limest.,  i.  214. 

Basin  of  the  Alle^^hany  and  Ohio  rivers,  i.  35 — be- 
tween anti.  F  and  D,  ii.  89— B  boundaries,  ii.  63 — 
of  Big  and  Little  Lick  ami.,  ii.  47 — C  U  ranges,  red- 
ash  coals,  ii.  104 — of  Carey's  Shaft,  li.  3'* — L),  red- 
ash  coals,  ii.  97 — D  E,  coal-beds,  ii.  123 — west,  ii. 
141— E  F,  ii.  123— E  G.  ii.  141— F  G,  ii.  91— F  G, 
ii.  123— G  H,  ii,  124— G  H,  li.  142—1  J,  ii.  14.3— 
1  K.  ii.  124— J  Iv,  ii.  143— K,  ii.  144— of  Lehigh 
.Summit  mines,  li.  63 — of  Little  Lick  Mountain,  ii. 
184 — M  X,  on  the  Swatara.  h.  1.55— north  of  the 
main  Griscom  Saddle,  ii.  45 — north  of  the  Great 
Gate  Ridge  anti.,  ii.  ,35 — north  of  axis  H,  ii.  92 — 
north  of  Peach  Mountain  basin,  ii,  112 — north  of  Swa- 
tara  Falls,  details,  ii.  42— Q,  R,  details,  ii,  181— of 
Red  Mount.ain,  details,  ii.  183 — between  Silver 
Creek  .and  .Mill  Creek,  ii.  123— Bath  iron  ores,  i,  263. 

Basins,  ii.  '-'9. 

Bast  and  PeMr.9on's  slope,  ii.  172. 

Bast's  red-ash  colliery,  ii.  431 — white-ash  coal,  Wolf 

Creek,  ii.  171 — seam,  ii.  427 — colliery,  ii.  4.30. 
Bathygnathus  b  jrealis,  ii.  093. 

Beach  Creek,  i.  545 — Cadent  black  slate,  i   551 — 

Scalent  rucks,  i.  543 — mines,  ii.  404. 
Bean's  Cove,  i.  15,  117 — details  of  strata,  i.  509 — 

station,  Cadent  and  Vergent  strata,  i.  581. 
Beansville.  ii.  546. 

Bear  Creek,  1. 290,  ii.  521— basin.  188. 


Bear  Gap,  ii.  440— details  of,  ii,  191— river  pass,  i.  29 
— Serai  series,  i.  146— tuuuel,  441  —  Wiconisco 
basin,  i.  146— meadows,  i.  482— mountain,  ami. 
axis,  i.  513 — irou  ore,  i.  51() — Levant  white  sand- 
stone, i.  513. 

Bear  Mountain,  i.  25— dip,  ii.  27. 

Bear  Ridge,  anti.  axis,  origin,  &c.,  ii.  268— tunnel,  ii. 
270. 

Rear  Run,  ii.  064. 

Bear  Vallev,  i.  118.  2(;l,  3.36— basin,  iron  ore,  ii.  190 
— coal-basin,  i.  114— Mat.  slate,  i.  323— position, 
&c. ,  i.  323— .structiiie,  ii.  179. 

Seattle's  Gap,  ii.  403— Knob,  i.  403— syn.  exposures  of 
the  str.,  i.  476. 

Beattv's  station,  ii.  61S. 

Deaunioiit,  Mr,  ascribes  coal  to  swampy  islands,  ii. 

8(15. 

Beaver,  i.  120,  ii.  773— furnace,  foss.  ore,  i.  411— 

meadow  h^isin,  ii.  6 — pebbles  of  cimglomerate,  ii.  23 
— anti.  axis,  ii.  'Jit,  24.>,  2|i'.— coal  basin,  240 — 
flexures,  i.  LNii— dmiensions,  &c.,  ii,  244— field,  i. 
3(13— mine,  tabulated  details,  ii.  250. 

Beaver  River,  i.  52.  ii.  491,  367,  574,  680, 681— basin, 
i,  42. 

Beaver  Run.  i.  122. 

Beavut.iwii,  loss,  ore,  i.  410— .syn.  knob,  i.  405. 
Beek'.s  .Mill  uiarlile  quarry,  i.  214. 
Becialt's  .Muuiit,  ii.  785. 

Bedford,  i.  117— anti.  flexure,  i.  510— Cad.  and  Verg. 
rocks,  i.  508 — county,  mono,  valley,   i.  19 — Sea. 
limest ,  i  539— Surg,  and  Sea,  rocks,  i.  538. 
j   Bedfurd  and  Greensburg  turnpike,  i.  505. 
1  Bedford,  section,  i.  509 — springs,  section,  i.  568 — turn- 
j      pike.  Sugar-loaf  Hills,  i.  502. 
j  Beech  Cieek,  ii.  481,  630. 

Beech  Grove,  ii.  318. 
I   lieecliein's  tunnels,  ii.  110— Upper  tunnel,  ii.  414. 

Belle's  Creek,  ii.  3S0 — jiond,  ii.  379 — axis,  ii.  382. 

Beisel's  ore  mine.  ii.  723. 

Belfast  coal,  ii.  139,  140. 

Belgium,  ii.  990. 

Bellefonte,  i.  4S0— Gap,  Levant  series,  i.  127,  129, 130 
— Levant  grey  sandst.  i.  127 — .Mat.  rocks,  i.  497 — 
turnpike.  Cad.  lower  black  slate,  i.  425— Prem. 
limest.  i.  417. 

Belleroplion  bilobatus,  ii.  819. 

Belleville,  JVIat.  slate  or  shale,  i.  478. 

Bellman's  tavern,  slate  and  limest.  quarries,  i.  455. 

Bell's  Hill  ill  anti.  axis,  i.  349— Mer.  sandst.,  i.  353 
— Surg,  and  Sea.  marl  gi'oup,  i.  341. 

Bell's  limest.  quarry,  i.  283 — sawmill,  i.  513 — ore- 
bank,  Owen's  Ridge,  i.  427 — ore-bank,  i.  423. 

Belmont,  ii.  417— Lewis  and  Spohn  coals,  ii.  12.9 — 
Lewis  vein,  ii.  124 — Pon.  rocks,  i.  305 — slope,  ii. 
129. 

Belts  in  anthracite  region,  i.  118 — 5th  of  Aur.  limest., 
i.  230  —  1st  of  Aur.  limest.,  i.  225  —  in  1st  dis- 
trict ot  I'al.Tozoic  region,  i.  Ill,  112 — 4lh  of  Aur. 
limest.,  i.  -l'9— cif  limest  and  slate,  Franklin  county, 
i.  201,  2h-j — 2d  Aiir,  limest,,  i.  220 — of  serpentine 
and  steatite,  i.  107— Otii  Aur.  limest.,  i.  231— 6th 
district.  Upper  Juniata  and  west  branch  Susque- 
hanna, i.  110 — 3d  of  Aur.  limest.,  i.  220. 

Belvernon,  ii.  642. 

Bellevue  mines,  ii.  350. 

Benedicts,  ii.  362. 

Bennett's  branch,  ii.  482— section,  ii,  483,  539— Big 
Coal  axis,  ii.  307— northern  anti.  .axis,  ii.  112 

Bennett  or  Patton's  coal-bed,  ii.  410 — coal,  ii.  408. 

Bennett's  southern  anti.  axis,  ii.  112— Upper  Peach 
Mountain  vein,  ii.  91. 

Bennington,  ii.  652. 

Bergman's  Run  anti.,  ii.  392 — Gulick's  Gap,  ii.  397. 
Berks  county,  Pri.  white  sandst.,  i.  190 — metamorphic 

rocks,  i.  97. 
Berlin,  ii.  494— coals  at,  051. 

Berry's  Mountain,  i.  1112 — Knob.i.  US — mono,  crest, 
i.  14 — Pon.  red  sandst.,  i.  303 — Vesp.  and  Umb. 
rocks,  i.  365. 

Berwick  Reach,  ii.  5. 

Bethany,  ponds  with  pure  sand,  i.  304. 

Bethel  Hill  anti.  flexure,  i.  211 — cleavage,!.  172 — Pri. 
rocks,  i.  102. 

Bethlehem  turnpike  anti.  wave,  i.  102— from  Sandy 
Run  to  Chestnut  Hill,  i.  164. 

Bettinger's  Mines,  Little  Muddy  Creek,  ii.  177 — South- 
ern Mines,  ii.  107 — Tunnel,  ii.  437. 

Beury's  Colliery,  ii.  433. 

Beyrichia>,  by  'I".  R.  Rupert  Jones,  ii.  834. 

Beyiicliia  lobatus,  ii.  820 — Maccuyana,  ii.  824 — Penn- 
sylvania, ii.  824. 

Big  Beaver  Creek,  Aur.  limest.,  i.  211 — Pri.  slates,  i. 
176,  177— limest.  basins,  i.  217. 

Big  Black  Creek  coal-basin,  ii.  242 — basin,  anti.,  ii. 
261,  262. 

Big  Coal  Beaver  Me.adow  Basin,  ii.  Ill,  131,  242,  246, 
103,  415,  147— basin,  ii.  331— Hazleton  Basin,  ii. 
257,  2.')8,  259  —  Jeansville  slopes,  ii.  249— Main 
Black  Creek,  ii.  203  —  outcrops,  ii.  202,  203— out- 
crop in  Palmer  tunnel.  Main  Big  Creek,  &c.,  ii. 
1(14 — Panther  Creek  tunnel.  No.  9,  ii.  7.") — On  I)e 
Long  Track,  ii.  216 — Donaldson,  ii,  232 — Lawton's 
Old  Colliery  Gap,  ii.  2(12,  2(13— Summit  iMines,  ii. 
69 — Silver  Creek,  ii.  12(1— Unci. iiess  m  tunnel.  No. 
5,  ji.  74 — Thick  Mountain,  ii.  181 — tabulated  de- 
tails, ii.  354. 

Big  Creek,  ii.  414,  4.36 — basin,  grey-ash  coals,  ii,  87 — 
elevation  of  Ser.  conglomerate,  ii.  106— coal-beds,  ii. 
200— coal,  ii.  85. 


I  Big  Diamond  anti.  axis,  ii. 38— coal,  ii.  137 — West-west 
Branch,  ii.  119,  1.53— bed,  ii,  .'jO— West  Branch,  &c., 
[      ii.  218— south  of  Carey's  shaft,  ii.  134— slope,  li.  432. 
j   Big  dirt-lied.  ii.  38. 

I   liig  Fishing  (  rc,.k,i.485,  492— character  ofstrata,  i.495. 
Hi-  Flats,  taliulated  details,  ii.  198. 
Hii;  Gate  c.ial  li;d,  ii,  117, 
Big  HazeUon  cual  bed,  ii,  256. 
Big  Juniata,  Mat.  slates,  i.  .5110. 

Big  Lick  Mountain  dip.  ii.  27— anti.  axis,  ii.  4.5,  102 — 
of  Donaldson,  ii.  163— red-ash  coals,  ii.  164 — anti. 
axis,  ii.  182. 

Big  Mountain,  i.  481,  482,  528— anticlinal,  ii.  267— 
anti.  west  of  Kleckner's.  i.  489 — white  sandst. ,  i.  487. 

Big  .Mine  Run,  flexures  and  coals,  ii.  275 — anti.  axis, 
ii.  277 — coal-measures,  ii.  271. 

Big  Marsh  Creek,  ii.  525. 

Big  or  North  Gate  coal.  New  Philadelphia,  ii.  220. 

Big  Piltstoii  coal,  ii.  303. 

Big  Quaker  Run.  ii,  '287, 

Big  Uuek,  ii.  402— coals  shafted,  ii.  179. 

Big  .Seam,  slope  mining,  ii.  56— Pinebrook,  ii.  351 — 

south-east  of  Pinebrook,  ii.  352— Diamond  Mine 

shaft,  ii,  354, 
Big  Sandrock  coal,  .Mill  Creek,  ii,  135. 
Big  Scrub  Ridge,  Cad.  and  Verg.  rucks,  i.  428 — Pon., 

Vesp.,  and  Umb.  rocks,  i.  -130,  431 — Vesp.  cunglo- 

raerate,  i.  324. 
Big  Slope  vein,  Eaton  and  Carter,  ii.  78. 
Big  Spring  limest.  quarry,  i.  282. 
Big  Toinliickeu  basin,  ii.  255. 

»Big  Tracey  coal,  ii.  95,  121— drift,  ii.  142,  143,  136, 
118,  119,  145,  219— anti.  axis,  ii.  39— East  Norwe- 
gian, ii.  96. 

Big  and  Little  Tracey  coals,  anti.,  ii.  34. 

Big  vein,  in  basin  D  F.  ii.  109- Swatara,  ii.  178. 

Big  white-ash  co.al,  west  of  Casca  William  tunnel,  ii. 
87 — Paterson  basin,  ii.  110. 

Big  Will's  Creek,  Mer.  sandst.,  i.  571. 

Binney.  proved  Stigmaria  to  be  root  of  Sigillaria,  ii.  803. 

Bird-tracks,  ii.  094. 

Birmiiigliam  Mat.  and  Aur.  rocks,  i.  503— Mat.  val- 
ley, i.  553. 
Binnington,  dip  of  Levant  rocks,  i,  488. 
Bishop's  Creek,  Aur.  limest.,  i.  199. 
Bison,  i.  61. 

Bitter  Root  Mountains,  ii.  747. 

Bituminous  coals,  ii.  994— co.al-basins  north  of  the 
Conemaiigli  and  Ohio,  ii.  480— south  of  the  Cone- 
maugli  and  Ohio,  ii.  493 — flelds,  i.  46ri — western 
portion  of  northern  table-land,  i.  35 — northern  belt, 
i.  35— (older)  coal-measures,  ii.  18 — Rausch  Gap,  ii. 
195'. 

Bituminous  coal  region,  i.  33— northern  belt,  i.  34— 
composition,  i.  119— boundaries,  i.  119. 

Bituminous  coal  region,  structureof  the  country,  i.  117 
— strata,  ii.  474 — strata  limits,  ii.  15. 

Bixler's  mill,  i,  351,  359— Hith  anti.  axis  in  Caii.  rocks, 

i.  31.5. 

Bixler's  tavern,  m.arble  quarry,  i.  490. 
Blackbaiid  iron  ore,  ii. 

Black  Creek,  ii.  242,  399— coal-flelds,  ii.  12— Ridge,  ii. 
242. 

Black  Bog,  i,  2], 

Black  Heath  bed,  John  Dougherty,  ii.  168. 
Black  Heath  coal,  ii.  131,  427,  137,  416— bed,  ii,  109— 
and  Big  coal,  Duiidas  colliery,  ii.  108— Wolf  Creek, 

ii.  171 — 'I'liiik  .Mountain,  ii.  181 — Staunton's  tunnel, 
ii.  209— Casca  William,  &c.,  ii.  216— synonym,  ii. 
222— Donaldson,  ii.  232. 

Black  Hills,  ii.  764. 
Black  Hole  Creek,  i.  456. 

Black  Horse  Hill,  i.  179 — tavern,  steatite  and  serpen- 
tine, i.  169. 
Black  Ivnob,  i.  559. 
Black  Lick  Creek,  ii.  589,  590,  000. 
Black  Lick  River,  i.  33. 

Blacking  Creek,  i.  371 — anti.  valley,  i.  115 — moun- 
tain,i.  304,  366.  367,  377,  419,  115 — position,  range, 
i.  370 — Surg,  skates  and  Sea.  marls,  i.  414 — valley, 

i.  9 — axis,  i.  373 — .anti.  axis,  i.  397 — auti.  axis,  i. 
419 — axis.  Cad.  and  Verg.  rocks,'  i.  392 — Prein. 
chert,  i.  388 — Sea.  and  Prem.  limest.,  i.  384— compo- 
sition, i.  .'^09,  370. 

Black  Marsh,  i.  454. 
Blackmail's  coal-seams,  ii.  33. 
Blackmail's  slope,  ii.  393. 

Black  Mine  coal.  ii.  139,  140 — Oliver's  colliery,  ii,  127 
—Salem  colliery,  ii,  173— West  Branch,  &c.,  ii.  220. 
Black  Mine  slopei  ii.  420. 
Black  Mine  vein,  ii.  117. 

Black  Oak  Ridge,  composition,  i.  561 — Sc.  and  Prem. 
limest.,  i.  525 — Suig.  ore  group,  i.  557. 

Black  River  and  cha/.y  limest.,  ii.  752. 

Black  Valley,  i.  522,  ii.  137,  157 — Casca  William, 
&c.,  ii.  2)7— John  Dougherty's,  ii.  168  —  Mine 
Hill,  anti.  F,  ii.  169— Thick  Mountain,  ii.  181,  109 
—St  Clair,  ii.  132— upper  white  and  grey-ash  group, 

ii.  18— Wolf  Creek,  ii.  171 — bed,  ii.  415— seam,  ii. 
410,  4-27,  429. 

Black  Spring  Gap  coal,  ii.  195. 

Blair  county,  mono,  valley,  i.  19 — Sea.  limest.,  i.  539 — 

Surg,  and  Sea.  str.,  i.  53S. 
Blair's  Valley,  anti.  belt  of  limest.,  i.  261. 
Blairsville,  ii.  485,  502 — sections  near,  ii.  000. 
Blake,  W.  J..  researches,  ii.  773. 
Blockhouse  Branch,  ii.  517. 

Blodgetl's,  Mr  Lorin,  Treatise  on  the  Cliniatolocv  of 
U.S.,  i.  55. 
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Bloody  Run,  i  522 — village,  i.  525. 

Uouuitieiil,  titli  ami.  axis,  i.  315 — 13th  anti.  axis,  i. 

31() — boundaries,  i.  340 — Lad   and  Verg.  rocks,  i. 

339 — Sea.  and  Treiu.  limest. ,  i.  346 — Sea.  and  I'rem. 

liniest  ,  i.  34U. 
Bond's  I'lial-beds,  ii.  555. 
Bone  coal,  ii.  yiil. 

Bony  coal,  Lawton's  old  colliery  gap,  ii.  202. — Mine 
Hill  Gap.  ii  IBU—Newkirk  tunnel,  ii.  101 — seam,  ii. 
414 — 8ando*s  colliery,  ii.  207 — Tamaqua,  ii.  7(J — 
Taniaqua,  ii.  7y. 

Book  IX.,  ii.  46S. 

Boon's  road,  ii.  483,  526. 

Bordentown,  i.  48. 

Border  s  Black  Ueatli  colliery,  ii.  4.30. 

Boring  for  coal,  ii.  1009 — on  Gaylord's  land,  ii.  411 — 

Powderly  Creek,  ii.  332 — opposite  Providence,  ii. 

3.55. 

Bosbesliell  coal,  ii.  1'28. 

Bo>ton  C'uilifiy  Company,  ii.  225. 

Biiiikler -drift,  ii.  774. 

Boundary  of  red  sandstone,  ii.  670 — of  Lower  Missouri 

coal-ti  Id,  ii.  9li5. 
Boulder-diilt  in  llie  5tli  district,  i.  39  —  matter,  its 

distribution,  details,  i.  37. 
Boundaries,  i.  1 — of  rock.s  of  South  Mountains,  i.  92. 
Bower's  Mountain,  i.  310,318 — 13th  anti.  axis,  i.  316 

— tixis,  ore  and  n'on  sandst. ,  i.  341 — Levantsandsts. , 

i.  33.S-ri(igij  of  Surg  rocks,  elevation,  i.  340. 
Bownian's  Monnltiin,  i.  I  JI. 

Bowman,  Mr,  on  sub.-iideuce  of  land  in  coal  period, 

ii.  805 

Bowman's  and  Richardson's  slope,  ii.  100. 
Bowman's  slope,  ii.  102— slope,  Reinliardt's  Run,  ii. 

210,  99. 
Boyerstown,  i.  200. 
Brachypliillum,  ii.  876. 

Bradford,  i.  120— county,  Verg.  rocks,  i.  140,  141— 

Verg.,  flags,  ripple-marks,  i.  295. 
Bra.iy's  nnli,  ii.  002,  60:i. 
Braiicli  basin,  simlli  of  Kennet  Square,  i.  226. 
Brandidale  ccilliery,  ii.  102— .Muddy  iSranch,  ii.  176, 

430. 

Branchdale  Lewis  Vein  axis,  details,  ii.  102 — slope, 
axis,  ii.  160. 

Branches  of  Wlieatley  lode,  ii.  704. 

B)andy  Camp  Cieek,  ii.  541,  543— road,  541. 

Brandy  wine,  Gneissic  rocks  north  of  Chad's  Ford,  i.  70 
— older  I'ri.  ^latts,  i.  158— Pri,  slates,  i.  77 — river 
basin,  i.  41— \Vcst  Branch  Pri.  series,  i.  174. 

Brant's  ore-bank,  i  337. 

Br.iyier  coal,  ii.  109. 

Break  between  Auro.  and  Mat.  periods,  ii.  783 — at 

chweof  .Mat.,  ii.  780 — in  the  str.,  ii.  749. 
Breastwork  Ruu,  i.  505. 
Breinig s  mine,  li.  725. 

Bloomtield  Valley,  Surg,  and  Sea.  rocks,  i.  340,  341. 
Bloom.sburg  Iron   Company,  i.   445,    440  —  limest. 

quarries,  i.  451 — Prein.  limest.  i.,  438. 
Blossburg,  ii.  619,  521— cnal-basm,  ii.  15— coal-field, 

ii.  484— Ser.  series,  i.  148— strata,  ii.  520 — Umb. 

series,  i.  145— Vesp.  rocks,  i.  143— Vesp.  and  Pon., 

ii.  522. 

BIup  Hill,  Cad.,  Verg.,  and  Pon.  rocks,  i.  402— Nor- 
tlnmibeiland  scetiery,  i.  49 — Pon.  red  sandst.,  i.  397 
— stcurture.  i  502 — syn.  trough,  i.  403. 

Blue  Knob.  Pon.  rocks,  i.  559. 

Blue  Mountain,  i.  7,  11,  287,  288,  289,  334,  ,335,  343, 
li.  3 — anti.  flexures,  i.  289 — Indian  Gap.  i,  "293 — Le- 
vant white  sandst.,  i.  344 — Monody  Gap,  i.  293 — 
south  of  Pine  (irovo,  i.  293 — Surg,  iron  .sandst. ,  i. 
344— Swatara  Gap,  i.  293— topography,  i.  290. 

Blue  anfl  Second  mountains,  details,  i.  292. 

Blue  Ridge,  i.  12,  21, 115,  362,  377,  ii.  4— anticlinal,  i. 
115— anti.  axis,  i.  368— anti  axis,  i.  419— anti.  axis, 
i.  423 — axis,  Surg,  str,,  i.  37(1— Cad.  and  Verg.  belt, 

i.  301,  307 — Pri.  sir.,  i.  2113— .scenery  at  I'otomac 
River,  i.  6 — structure,  composition,  i.  309 — Sugar 
Valley,  i.  50— Surg,  and  Sea.  str.,  i.  413. 

Blue  rock,  ore  sandst.,  i.  414. 

Boalsburg,  i.  494,  499— Stone  Valley,  i.  514. 

Boardley  Run,  Aur.  hmest.,  i.  230. 

Board  Yard  Bitsin  coal-beds,  ii.  254— Hazel  Creek 

Valley,  ii.  241. 
Bob's  Creek,  i.  5.59— Buckstown,  i.  503. 
Bog  iron-ore,  ii.  548,  549,  553,  557,  558,  502,  563,  5C8, 

509,  571. 

Bony  coal,  north  of  the  Dutchman's  Seam  on  Mill 

CieeN.  II.  21)4. 
Brii;litti>  ld's  Kun,  Cad.  black  slate,  i.  425— Surg.  foss. 

ore,  i.  432— syn.  trough,  i.  421. 
Brighton,  ii.  492— Old,  ironworks,  ii.  580,  581— New, 

ii.  581. 

Brinton's  Ford,  micaceous  gneiss,  i.  82. 
Bristol  CMl-tield,  ii  979. 
British  coal-fields,  ii.  977. 

Broadhead's  Creek,  i.  283— cleavage,  i.  285 — rocks  ex- 
posed, i.  272,  273— Prem.  limest.,  i.  130— red  shale, 
i.  280  —  Post-mer.  rocks,  i.  282— Verg.  flags,  i. 
285. 

Broad  Mountain,  i.  114,  482,  ii.  6— anti.  flexures,  ii. 
223 — coal-basin,  i.  286,  ii.  21 — small  cnal-basins,  ii. 
225 — coal  conglomerate,  ii.  0  —  outcrops  of  lower 
white-ash  group,  ii.  202 — slopo,  structure,  and  con- 
tents, ii.  203— colliery,  ii.  438. 

Broad  Mountain,  composition,  structure,  i.  118 — Surg, 
shales,  i.  515. 

Broad-Top  Basin,  Umb.  series,  i.  145. 

Broad-Top  coal-fields,  ii.  448. 


Broad-Top  Improvement  Company's  bed,  ii.  453. 

Broad-Top  Mountain,  i.  629,  512— anti.  axis,  i.  513 — 
anti.  flexures,  i.  532 — coal-basin,  bituminous  coal- 
measures,  i.  110 — bituminous  coal  field,  li.  24 — coal- 
field, ii.  15— Ser.  series,  i.  148 — syn.  troughs,  i.  532 
syn.  belt,  li.  4 — Umb.  rocks,  det.uls,  i.  631. 

Broad-Top  region,  topography,  i.  528. 

BrocUviile  basin,  noilli  east,  li.  ;:l. 

Brokcnstraw  Creek,  i.  577.  578,  ii.  557. 

Brookdale  mine.  li.  705  — lode,  li.  701. 

Brookland  furnace,  i.  421 — bank,  i.  432 — Sea.  and 
Prcni.  liiiiost.  i.  417— ore-bank,  jjipe-ore,  i.  479. 

Brnokville.  li.  487,  5S3. 

Brookville  coal,  ii.  490,  496,  568,  570,  573. 

Brooivville  and  Clarion  coals,  ii.  490. 

Brookville,  Clarion,  and  Kiitatinny  coals,  ii.  488. 

Brookville  and  Cle.irtield  turnpike,  ii.  485. 

Brookville  and  Curwniaville  turnpike,  li.  544. 

Brookville  turnpike,  ii.  480. 

Bioiigniart,  researches  by,  on  stigmaria,  ii.  803. 

Brow  n's  camiol  coal,  ii.  585 — coal,  details,  ii.  59. 

Brown's  colliery.  Primrose  coal,  ii.  147. 

Brownlield's  bank,  ii.  624. 

Brown,  Mr,  cited,  ii.  952. 

Brown's  (lap,  Aur.  limest.,  i.  478— iron  ore,  i.  412 — 
Surg,  rocks,  i.  412 — stn:ams  in  limest.  strata,  L  476 
— Mat.  shale,  slate,  and  sandstone,  i.  478. 

Brown's  limest.  quarry,  i.  225. 

Brown's  lower  slate  quarry,  details,  i.  188,  189. 

Brown's  mill,  exposures  of  Aur.  limest.,  i.  471. 

Brown's  Oak  Hill,  .slopes,  ii.  425. 

Brown's  Run,  i.  340,  ii.  045. 

Brownsville,  ii.  642. 

Brownsville  axis,  ii.  613 — east  of  section,  ii.  643 — Pri. 

rocks,  i.  1.52 — to  Uniontown,  ii.  044,  645,  646,  647. 
Brush  Creek,  ii.  580. 

Brush  Creek  Valley,  Umb.  series,  L  145 — iron-ore,  i. 

529— Umb.  limest.,  i.  530 — Vesp.  rocks,  i.  633. 
Brush  Moimtain,  i.  15,  482,  484,  492,  553— structure, 

i.  483— South  Terrace  Ridge,  i.  464 — syn.  axis,  i.  494 

—syn.  spur.  i.  13. 
Brush  Valky,  i.  116-anticlinal,  i.  484,  485— axis,  i. 

460,  499 — nips  of  the  strata,  i.  494,  ii.  4 — limestone, 

i.  492 — Narrows,  i.  484,  459 — dip  of  the  rocks,  i. 
487. 

Bncania  trilobatus,  ii.  822. 

Biu  licr's  Hill,  character  of  the  gneiss,  i.  99. 

Bucklaud,  Hr,  on  stigmaria,  ii.  803 — views  of  origin 

of  coal,  ii.  805— anniversary  address  cited,  ii.  806. 
Buck  Mountain  colliery,  ii.  201 — Company,  ii.  241 — 

coal-basin,  ii.  252— Company's  basins,  ii.  253 — Creek, 

ii.  243. 

Buck  Ridge,  7th  anti.  axis,  i.  315,  332 — ore  sandst. 

i.  339— anti.  axis,  ii.  209,  210,  281. 
Buck  Run,  ii  308 — anti.  axis,  ii.  282,1.84 — coal,.ii. 

2s3  —  exposures  of  coal,  ii.  2s  1,  289 — lower  coal- 
measures,  ii.  279 — trap-rocli,  i.  17tl. 
Bucks  County,  thickness  of  Pri.  rock,  i.  155. 
Buckstown,  i.  507 — Cad.  strata,  i.  504— Mountain, 

Surg,  strata,  i.  500 — olive  sliales,  i.  559. 
Bnckville,  details  of  coals,  ii.  215,  210 — breaker,  syn. 

axis  of  basin  C,  ii.  102 — tunnel,  see  Fig.,  ii.  102. 
Burt'alo  Ci  eek,  ii.  487,  590 — Mer.  sandst.,  i.  351  — 

Pon.  red  sandst.,  i.  303— Sea.  and  Prein.  limest.,  i. 

347— Surg,  strata,  i.  .'838- Valley,  i.  114. 
Bufl'do  and  Christman's  valleys,  auti.  axis,  origin, 

range,  composition,  i.  464. 
Buffalo  Furnace,  ii.  595. 
Buft'alo  Gap,  Mer.,  i.  571. 

Burtalo  Mountain,  i.  23,  118,  48.5,  510— flexures,  i. 
4.')4 — Lev.  sandst.,  i.  483 — mono,  crest,  i.  14 — posi- 
tion, i  457 — Pon.  red  sandst.,  i.  36,'l — scenery,  i.  51 
— structure,  i  304 — Surg,  rocks,  i.  453. 

BuHalo  tnwnsliip.  Cad.  and  Verg.  rocks,  i.  357. 

Bnttalo  Valley,  i.  482,  116,  485— Cad.,  Verg.,  and 
I'on.  rocks,  i.  452 — range,  dimensions,  i.  456 — Sea. 
vai legated  marls,  i.  437  —  Surg,  shales  and  Sea. 
marls,  i.  458. 

Buttington's  Mines,  ii.  .594. 

Bulir.stone,  ii.  491— or  chert,  ii.  508. 

Building-stone  in  Erie  and  Crawl'urd  counties,  details, 
i.  583. 

Bull  engine,  ii.  444. 

Bullet's  Hnn,  Mer.  sandst.,  i.  547. 

Bunbury,  .Mr,  ii.  842. 

Bunker  Hill,  ii.  548,  550 — Aur.  limest.,  i.  '254 — sand- 
stone, i.  254. 

Burns's  Valley,  i.  318,  332— 5tli  anti.  axis  in  Mat. 

slates,  i.  315— Mat.  slate,  details,  i.  321. 
Burnt  Cabins,  i.  387,  394— Cad.  black  slate,  i,  393, 

394— Mer.  sandst.,  i.  390 — Surg,  and  Sea.  rocks,  i. 

382. 

Busby  Creek,  ii.  32. 

Bushkill  cascade,  i.  280 — gap,  i.  95. 

Bushy  railroad  anti,  axes,  ii.  112 — corapass-Iine,  ii.  111. 

Bushy  tunnel,  ii.  104. 

Busby  Valley,  ii.  Ill — anticlinal,  ii.  31. 

Butliotrephis  gracilis,  ii.  822. 

Butler,  i.  120— basin,  ii.  ,300— Creek  anti.,  ii.  382. 

Byer's  coal,  ii.  619. 

Cabin  Branch  Run,  syn.  valleys,  i.  186. 

Cacoosing  Creek,  Pri.  rocks,  i.  202 — trap-dyke,  i.  251. 

Cadent  black  slate,  i.  420 — basin  of,  i.  427 — Dale's 
Hill,  i.  460 — in  the  f.airth  syn.  belt,  i.  424 — near 
Huntingdon,  i  5;;0— iron  ores,  i.  401,  432,  433  — 
north-west  of  Lewistown,  i.  426 — Waterloo  Gap,  i. 
389. 

Cadent  lower  black  slate,  i.  355,  425 — fossils,  thick- 
ness, Aic. ,  i.  107— Kittatinny  Valley,  i.  138. 


Cadent  olive  shale,  Muncy  Hills,  i.  540. 

Cadent  olive  slates,  Jerseytown  to  Fruitstown,  i.  454. 

Cadent  peiiod,  ii.  749. 

Cadent  rocks,  i.  113 — in  Bald  Eagle  Valley,  i  540 — 
Gladding  s  Run,  i.  572— north  of  Leiiigh  water-gap, 
i.  274 — Lewistown  Valley,  i  400— Perry  county,  i. 
351,  352,  355,  356 — Susquehanna  Gap,  i.  270. 

Cadeut  sandst.  near  Meadville,  i.  584. 

Cadent  series,  ii.  755— physical  geography  of,  ii.  791. 

Cadent  shale  group,  Tuscarora  syn.,  i.  390— lossils, 
character  and  thickness  of,  i.  lOS  —  Perry  County, 

i.  3.i6— south-east  side  of,  i.  1:!9— Little  Cove,  i.  419. 
Cadent  slates  and  shales,  i.  280 — VVliitedeer  Hole 

Valley,  i.  456. 

Cadent  strata,  i.  114— Cai-penter's  Point  to  Walpack 
Bend,  i.  280— thickness  of,  i.  1.38,  139,  140. 

Cadent  upper  black  slates,  i  275— tcssils,  character 
and  thickness,  i.  1  8 — on  the  Lehigh,  i.  139. 

Cadent  and  Verg.  rocks,  Blacklog  Mountain,  i  427 — 
south-west  of  Buckstown,  i.  603 — character  of  the 
soil  in  the  north-west  district,  i.  585 — south-west  of 
Evits  Creek,  i.  570— Fuliou  County,  i.  42»— south- 
west ot  Uollidaysburg,  i.  559 — Lewistown  Valley,  i. 
399— noith  of  -Miiesbuig,  i.  552 — .Muncy  to  ililes- 
burg,  i.  548— Owen's  and  Chestnut  ridfies,  i.  426 — 
■west  from  Pine  Creek,  i.  651 — north-western  dis- 
trict, i.  576  —  Tuscarora  syn.,  i.  390  —  Woodcock 
Valley,  i.  523. 

Cainozoic  deposits,  ii.  707, 

Caking  coal,  ii.  994. 

Calamaria,  ii  849. 

Calalian's  section,  ii.  33. 

Calaniites,  ii.  841,  849— species  of,  ii.  850. 

Calcareous  couglomerate,  lower,  ii.  079 — upper,  ii. 
I  OSl  — traced  south-west  of  Susquehanna,  li.  682, 
I  084. 

Caicireous  marl  in  Erie  and  Crawford  counties,  i.  586. 
Calciferous  sandst.,  ii.  752. 

Caldwell's  furnace,  i.  165 — mill,  limest.  quarry,  i.  458 

— slate  quarry,  i.  1,S9. 
Caledonia,  u.  484,  638,  539 — furnace,  i.  268— furnace 

and  altered  rocks,  Siiiidst.  ridges,  i.  206 — ore- bank,  i. 

209. 

Calender  co.al-seara,  ii.  336. 
Caliioruian  Pleisioceue  beds,  ii.  773. 
Calleiisburg,  li.  572. 
Calamine  in  Aur.  limest.,  i.  101. 
Caiymene  Beckii,  ii.  620 — bufo,  ii.  829— Clintoni,  ii. 
823. 

Caljpteris,  ii.  866. 

Cambrian  equivalents,  ii.  785 — series,  ii.  749. 

Campbell's  Ledge,  li.  326. 

CampliUl  Pri.  rucks,  i.  81— belt,  i.  159. 

Canis  Haydeni,  ii.  773— tievus,  ii.  773 — temararius,  ii. 
773 — vafer,  ii.  773. 

Cannel  coal,  ii.  583,  585,  995 — profits  of,  ii.  596. 

canoe  Hill,  Lev.  sandst.,  dip,  i.  560. 

Canoe  Alountain,  i.  15— anticlinal,  i.  50,  551 — fault,  i, 
5ii4— Gap,  Lev.  series,  i.  127,  129,  130— Juniata, 
displaced  summits  ol,  i.  556 — Lev.  sandst.,  i  556 — 
pictorial  sketch,  i.  13 — section  of  the  strata,  i.  556 — 
sinking  Valley,  pictorial  sketch,  i.  13— syn.  spur,  i. 
13— syn.  flexure,  i.  503. 

Canoe  Place,  ii.  4^3,  548. 

Canoe  Valley,  i.  50 — anti.  axis,  i.  468— Aur.  rocks, 
ami.  axi-,  i.  ,504- structure  at  Morison's  Cuve,  i.  506. 
Canonsbuig,  pictorial  sketch,  i.  36. 
Canton  Corners,  ii.  483. 

Cape  Breton  County  coal-field,  ii.  953— Island  coal- 
field, li.  951. 

Capon  axis,  t-ca.  marls,  thickness,  i.  398— Surg,  rocks, 

shale,  i.  134 — thickness,  i.  398. 
Capon  liiver,  Prem  rocks,  thickness,  i.  399. 
Carbonate  of  copper  near  Diuican's  Pomt,  i.  187. 
Carbon  Cieek,  li.  4t>2,  512,  513— limest.  quarries,  i. 

309. 

Carbondale,  ii,  318— coal-measures,  ii.  331 — conglo- 
merate, ii.  330 — Great  Bed,  ii.  332— and  Archbald 
district,  details  of  the  coals,  ii.  329. 

Carbon  iterous  lormations,  ii.  750. 

Carbon  Run,  ii.  287.  305 — anti.  axes,  outcrops  of  coals, 

ii.  289 — coal-measures,  ii.  291. 
Carcliarodon,  ii.  7i9. 
Cardiocarpou,  ii.  876. 

Cardila  phinicosta,  ii.  709. 

Carlisle  Barracks,  winds,  i.  57 — ironworks,  iron  ores, 

i.  '-OO,  267 — orga  uic  remains,  i.  239. 
Carmichacl,  ii.  646. 

Carpenter's  Point,  i.  47,  113 — Run.  aspect  of  the  Surg. 

and  Sea.  strata,  i.  542 — Ruu,  ii.  520  —  Kun,  Pon. 

strata,  i.  549. 
Carpohthes,  ii.  877. 

Carrick  furnace,  iron  ore  and  limest.,  i.  269 — ore-bank, 
fault,  i.  322. 

Carrol's  quarry.  Cad.  sandst..  i.  583. 

Carter's  new  slope,  coal  F,  dip,  ii.  6S — slope  mine,  ii. 
83— coal  F  of  Tamaqua,  ii.  215 — north-east  of  Tus- 
carora village,  ii.  108. 

Cartersville,  section  at,  ii.  516,  517 — Ser.  series,  i.  148 
—  Umb.  series,  i.  145 — V'esp.  rocks,  i.  143. 

Carey's  mine,  ii.  391. 

Carey's  slope  mine,  ii.  422. 

Carey's  Run,  ii.  390. 

Carey's  shalt,  tabular  form,  ii.  133,  ii.  423. 

Cascade  near  Erie,  structure  of  the  Verg.  flags,  i.  582. 

Casca  William,  &c  ,  anti.  axis,  details,  ii.  31 — Diamond 

group  of  coals,  ii.  87 — Big  coal,  ii.  108,  216 — coal,  ii. 

118— Creek,  ii.  32— coals  in  basin  D  F,  ii.  109. 
Casca  William  to  Mill  Creek,  structure  and  contents 
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of  the  basin,  ii.  88— Peach  Mountain  coal,  ii.  3-t — 
collieries,  ii.  85 — Wliite-iish  colliei-y,  ii.  31,  415. 

Cassidaj's  colliery,  ii.  433. 

Cashtown  conglomerate,  i.  206. 

Casiellu's  Run,  ii.  4nl. 

Castleman  s  Uiver,  i.  33,  ii  494,  658,  659. 

Catalogue  of  coal-plauts  of  North  America,  ii.  878-884 

Oatawissa,  i.  4S — Creek,  ii.  7— Mountain,  i.  11,  23, 118 
— ciest,  i.  15  —  Pon.  rocks,  i.  115 — l*on.  redsandst-, 
thickness,  i.  400 — Pon.  strata,  i.  142 — red  shale,  ii. 
246,  247 — ridge,  anti.  range,  details,  ii.  240 — road, 
lowtr  coal-measures,  ii.  283— Verg.  rocks,  i.  140, 
141,  43.4,  580— Vergent  shales,  tlucknebS,  i.  297— 
Vesp.  rocks,  i.  143. 

Catopieris,  ii.  6y4. 

Catskih  group,  ii.  756— Mountain,  i.  47 — Pon.  strata, 

i.  113. 
Caulopteris,  ii.  869. 
Cave  ut  Antietani  Creek,  i.  25S. 
Cedar  Ruu,  i.  340— sync,  point,  i.  348. 
Cedar  Spring,  i.  384— nonii-west  limit  of  Surg,  and 

Sc;i.  marls,  i.  378. 
Cellar  coal,  ii.  145. 
Centemodou,  ii.  695. 

Central  anthracite  ridge,  ii.  310 — railroad  section  de- 
scribed, li.  478 — tertiary  Tracts,  ii.  768. 
Centre  County,  oolitic  limestone,  i.  238. 
Centre  furnace.  Lev.  grey  sandstone,  i.  48G. 
CentrevUle,  ii.  542 — Sea.  limest.,  i.  401. 
Certolites  oriiatus,  ii.  820. 
Cervus  VVarroni,  li.  773. 

Chadd  s  Ford,  Aur.  limest.,  i.  81 — gneiss  rocks,  i.  81 — 
older  Pri.  slates,  i.  158 — Pri.  sandst.,  i.  SI, 

Chariwicks  coal,  ii.  108 — mine,  ii.  415 — Tuscarora 
breaker  and  Brockville  anti.  axis,  details,  ii.  31. 

ChajtL'tes  lycoperdon,  ii.  818. 

Chaleurs  bay,  li.  945. 

Chamberlain's  Hill  iron  ore,  i.  459. 

Chauibtrsburg  and  Gettysburg  turnpike  road,  i.  205, 
206. 

Chambersburg  IVIat.  limest.,  i.  259 — organic  remains, 

i.  23 1. 

Changes  of  the  sea-bottom,  ii.  776. 

Charles  Hill's  colliery,  ii.  205. 

Charles  .Miller's  slope,  on  Mine  Hill,  ii.  147. 

Charley  Pott  coals,  ii.  32,  113,  114,  125— at  Milford 

colliery,  &c.,  details,  ii.  218 — vein,  ii.  95. 
Charieatown,  i.  185 — mine,  ii.  676. 
Chasm  rilled  with  Mesozoic  conglomerate,  ii.  682. 
Chatham's  Ruu,  hill  of  Cad.  olive  shales,  i.  551. 
Cliatauqiie  l.;ike.  New  York,  i.  39. 
Chazy  and  Black  River  Iiine-t..  ii.  782. 
Cheat  River  coal-measure.-s,  ii.  957. 
Chemical  constitution,        of  coals  of  North  America, 

ii.  969,  970. 

Chemung  group,  ii.  756 — River,  i.  48. 
Clienowetli  coal,  ii.  145. 

Cherry  coal,  ii.  995— Creek,  Surg,  red  shales,  i.  283 — 

hollow  anti.,  i,  2S3. 
Chert  in  the  coal  strata,  ii.  14. 
Chesipeak  Bay,  i.  49,  1911. 

Chester  Cttunty  lead-mine,  ii.  fi76 — Poorliouse  limest. 

quarry,  i.  2:jO— Creek,  i.  70 — furnace,  i.  421. 
Chester  and  l.auc:xster  Valley,  local  limest.  basins 

in  the  main  syn  trough,  i.  217. 
Chester  County  Pri.  rocks,  i  60. 
Chestuut^  coal  on  .Mill  Creek,  ii.  137. 
Chestnut  Grove  furnace,  ii.  690. 

Chestnut  Hill,  i.  123,  ii.  690 — e.xposures  of  Pri.  rocks, 
ii.  150 — gneissic  belt,  i.  96 — giieissic  rocks,  i.  94 — • 
iron-ore  bank,  i.  183— north  of  Easton,  Aur.  limest., 

i.  241 — ore-bank,  i.  182— I'ri.  rocks,  i.  77,  242 — ser- 
pentine belt,  i.  167 — Pri.  series,  i.  123 — steatite  and 
serp-ntiue,  i.  71. 

Cliestnut  Ridge,  i.  3,  32,33,  120,367,  421,  423,  ii.  493 
— axis.  Cad.  strata,  i.  563 — iron  ore  of  the  Mer. 
sandst.,  i.  432 — limest.  belt,  i.  417 — Pitt-burL;seain, 
section,  ii.  614 — range,  composition,  iron  ore,  i.  oO.'i 
— Surg,  rocks,  i.  37-1— L'mb.  series,  i.  1-16 — last  out- 
crop of  Vesp.  and  Unib. ,  ii.  47:!— west  base,  ii.  615 — 
views  from  the  we.^tern  brow,  i.  34. 

Clieyney  ore-bank,  ii.  464, 

Chiegnecto  Cape,  ii.  947. 

Chilcoat's  Sea.  and  I'rem.  limest.,  i.  522, 

Chillisquaque  Ridge,  Cad. and  Verg.  rocks,  i.  454 — Cad. 
older  black  slate,  i.  454. 

China  earth,  i.  69. 

Chincheiamoose,  ii.  482. 

Chiques  Ridge,  Aur.  limest.,  i.  •221,2"22 — crags,  i.  49 — 
Pri. rocks,  i.  Ill — origin,  range,  structure,  i.  193 — 
Pri.  rocks,  i.  176,  194. 

Chivington  mine,  ii.  46.3. 

Chondrites,  ii.  848 — antiquus,  ii.  841. 

ClicEropotomus,  ii.  771. 

Christnian's  Valley,  anti.  axis,  i.  464,  480,  4S1— Aur. 

limestone,  i.  478. 
Church  coal,  in  Sando's  colliery,  ii.  207. 
Church  Hill  at  Tuscarora,  red-ash  coals,  ii.  107 — Ridge 

anti,  flexure,  i.  21 1 — Primal  rocks,  i.  163. 
Clackmannan  coal-tield,  ii.  985. 
Clairville,  character  of  the  country,  i.  .')27. 
Clarion,  ii.  487— coal,  ii.  490,  567,  570,  574,  594— group, 

ii.  490,  573— river,  i.  120,  ii.  4S6,  553,  572. 
Clarissa  furnace,  Cad.  slates,  i.  288 — Post-mer.  limest., 

i.  286. 

Clark's  Knob,  i.  318,  336— Lev.  sand.,  i.  33.3— Mat. 

slate,  i.  3-23 — Surg,  slates,  i.  344. 
Clark's  mine,  ii.  338 — Lackawanna  basin,  ii.  355. 
Clarksgn  coal,  ii.  32,  113,  114,  125,  136,  145— Milford 


colliery,  &c.,  ii.  219— on  Singlej's  farm,  ii.  137— Mr, 

of  CarboiKlale.  ii.  835,  847. 
ClarkbViUe,  ii.  561— Cad.  sandst.,  i.  584— Vesp.  and 

I'on.  rocks,  i.  303. 
Classihcation  of  coal,  ii.  988— the  coal-seams,  i.  226 — 

orographic  structure,  ii.  917. 
Clathopieris,  ii.  694, 

Claylick  .Mountain,  Mat.  slate  belt,  i.  261. 

ClearHeld  Cnek,  ii.  483,  533,  537. 

V\eiv  Uulge.  Cad.  and  Verg.  rocks,  i.  527 — Verg. 
flags,  i.  5:i2 — Verg.  shales,  i.  427. 

Cleavage  in  Aur,  limest.  south  of  the  Lehigh,  i.  245 — 
north  of  Kaston,  i.  'J45 — nortii  foot  of  Bethel  Hill, 
i.  172 — at  Columbia,  i.  221 — from  the  Delawiire 
to  the  Ldiigli,  1.  247 — near  Delaware  Water-gap, 
i.  273 — (lip,  1.  191 — near  Easton  and  the  South 
Mountains,  i.  244 — and  fulialion,  how  viewed  by 
geologists,  ii.  907,  908 — near  Kreidersville,  i.  247 — 
laws  of,  li.  903,  904 — in  liinest.  south  of  Maiden 
Creek,  i.  102— north  of  Nazareth  and  Bath,  i.  247— 
along  Martin's  Creek,  i.  247 — planes  in  Mat.  limest., 

i.  247 — in  1st  I>istiicL  of  Palaeozoic  region,  i.  Ill — 
at  the  Lehigh  Hills,  i.  98— Mat.  slate,  i.  247— planes 
in  Pri-  rocks,  .'^usquehanna  River,  i.  186 — in  2d  dis- 
trict, i.  112— in  aliered  Pri.  str.,  i.  153,  190 — slate 
quarry  at  Delaware  Water-gap,  i.  24S — slaty,  in 
Appalachians,  ii.  9"2 — planes  of  plication,  i.  188. 

Clepsisaurus,  ii.  693,  695. 
Cliff  Hill,  south  of  Wellsville,  ii.  1547. 
Clitford's  Tavern,  Laurel  Hill,  i.  34. 
Climatology  of  Pennsylvania,  52. 
Cline's  Run,  i.  185. 

Clinton  coal,  ii.  136 — group,  ii.  753 — mono,  valley,  i. 

19 — Clippinger  iron  ore,  i.  268. 
Clover  Creek,  i.  506. 

Coal  in  direct  contact  with  marine  limest.,  ii.  804 — 
history  of,  as  fuel,  ii,  1012 — intimate  structure  of, 

ii,  800 — lands  and  forest-lands  compared,  ii  1017 — 
methods  of  searching  for  and  mining,  ii.  1U07 — origin 
explained,  ii.  806 — near  Richmond,  Virginia,  ii,  763 
— trade  ol  Pennsylvania,  ii,  1018 — of  tunnel,  ii,  61  — 
under  the  conglomerate.  Cool  Spi-ing  furnace,  ii.  472 
— where  found,  ii.  94S — its  composition,  classiHcation, 
&c,,  ii,  9S8 — .\.  at  the  loot  of  Locust  Mountain,  ii. 
78— of  Tamaqua,  details,  ii.  213— B,  Tamaqiia,  de- 
tails, i/>.  —  C,  red-ash  coal,  ii.  101— C  of  Tamaqua,  ii. 

213—  D,  outcrops,  details,  ii.  103— D  of  Tamaqua, 
details,  ii.  214— E,  ii.  101,  102— E  of  Tamaqua,  li. 

214 —  F,  ii.  79 — F,  dimensions  at  Newkirk  tunnel,  ii. 
101— F  of  Tamaqua,  ii.  101,  215— K,  red-ash  coal, 
ii.  81— L,  I'b,- M,  details,  ib.—N,  details,  ih.—O  o, 
ib  — O,  thickness,  ib. — P,  dimensions,  ii,  82 — Q, 
compression  of  the  rocks,  ib. — Q  Q,  ib. — R,  thick- 
ness, quality,  ib. — S,  ib. 

Coals,  Buckville  tunnel,  ii.  98,  102  —  Coal-run 
Riilge,  ii.  30'* — economic  rank  of,  ii.  lOOO— in 
axis  B,  ii.  97 — axis  h\  ii.  89— and  flexures  on 
West- west  Branch,  ii.  172 — above  Green  Park 
seam,  -Mill  Creek,  ii.  137 — Mount  Carmel  basin,  ii. 
280,  281— axis  C.  Little  Schuylkill  to  Mine  Hill,  ii. 
105 — axis  11,  middle  red-asli  group,  ii.  92— at  Middle- 
port,  li.  115 — of  North  America,  chemical  constitu- 
tion of.  ii.  969,  976— Panther  Creek  tunuels,  ii,  74 
—  Peach  Mountain,  ii.  95— Red  Ridge,  ii.  285— 
— Roaring  Brook,  ii.  339— Roaring  Brook  basin,  ii. 
347 — Scraiiton  basin,  ii.  351— south  of  Shamokin, 
ii.  294,  295— Silver  Creek,  &c,,  ii.  90— north  and 
south  sides  of  the  valley  compared,  details,  ii,  81 — 
Zerhe's  Run,  ii,  310  — west  of  Zerbe's  Gap,  ii.  312. 

Coal-basins  between  Alleghany  Motiiitaiii  and  Laurel 
Hill,  ii.  495 — form  of  eastern  division,  ii.  48 — in 
Anthracite  region,  i.  118 — B  b  and  C  b,  ii.  102 — 
in  Bituminous  coal  region,  i.  120— of  Head  and 
Big  Mountain,  ii.  267 — scenery  from  the  exterior 
basins,  i.  'J3. 

Coal-bed  E,  details,  ii.  78— lifted  by  axis  D,  86— north 
of  D,  tabulated  details,  ii.  98— at  Donaldson  and 
furl  her  west,  ii.  2l'5 — in  Eastern  Mine  Hill,  ii.  199 
. — Mill  Creek  basin,  ii.  223 — Pinebrook  and  Lacka- 
wanna basin,  ii.  .  52 — .Sharp  Mountain,  ii.  23,  187. 

Coal-beds  south  of  Carbon  Run,  ii.  307. 

Coal-tield  west  of  Chestnut  Ridge,  ii.  500,  504 — be- 
tween Mill  Creek  and  West  Norwegian,  ii  141 — east 
of  Middle  Creek  undulations,  ii.  179— New  Bruns- 
wick, ii.  945— undulations  of  the  str.,  ii.  28. 

Coal-Helds,  ii.  46.) — .\merican  and  European,  ii.  1015  

British,  li.  977— of  British  Provinces,  ii.  942,  954  

of  the  United  States,  &c.,  ii.  942, 

Coal-lormation  in  the  Wyoming  and  Lackawanna 
basin,  ii.  321. 

Coal-measures,  ii.  49,  4S6.  758 — in  basin,  Pottsville 
anti.,  ii.  36 — in  Bear  Ridge,  detiiils,  ii.  269 — bitu- 
minous, ii.  7 — in  bituminous  coal  region,  i.  119 — 
Broad  Mountain,  ii,  7,  225,  226 — Buck  Ridge  and 
Peaked  Mountain,  ii.  212 — Coal  run  basin,  ii,  299  — 
Coal-run  iiap,  ii.  292 — composition  of,  ii,  956 — 
Dripping  Arch  axis,  ii,  154— East  Buck  Mountain, 
ii.  243— Green  Ridee  anti.  axis,  ii.  288 — Hazleton 
coal-basin,  ii.  256— iron  ores,  ii.  736 — Lackawanna 
basin,  limits,  distribution,  ii,  323 — Little  Schu.\  Ikill, 
ii.  82.  83 — lower  productive,  i,  109— Locust  Moun- 
tain, ii  277 — Little  Malianoy  Mountain,  ii.  270— 
between  Mine  Hill  and  Broad  Mountain,  ii  'Jill  — 
Mine  Hill  Vall  y,  ii.  'J33 — Mine  Ridge  and  Mount 
Carmel,  ii.  278— iNIissouri  basin,  ii.  96() — Smethport, 
ii.  554 — Panther  Creek  Valley,  ii.  67 — Red  Ridge, 
ii.  287 — Sharp  Mnuntiiin,  ii.  53,  149,  150 — Slien.an- 
doah  Valley,  ii.  271— southern  basin,  ii.  47 — Staf- 
ford Meadow  Valley,  ii.  320 — Tamaqua,  ii.  70 — 


upper  or  newer,  ii.  19— organic  remains,  i.  109 — 

west  of  the  Catawissa  road,  li.  290. 
Coal  Region,  structure,  i.  577. 
Coal  Ridge  anti.  flexure,  ii.  293. 

Coal-rocks,  chemically  Otrived,  ii.  14  —  meclianica 
origin,  11.  13— Pennsylvania,  ii.  13— vital  origin,  ii. 
14 — scliutes,  ii-  73. 

Coal-seams  above  Carbondale,  ii.  331 — north  of  Car- 
bun  Run,  li,  307— great  extent,  ii.  799 — Nesquelion- 
jng  mines,  ii.  59— Scraulou,  ii.  345,  354— Zerbe's 
Run,  ii,  309. 

Coal-shales,  ii.  19— organic  remains,  i.  109— newer, 
i.  20. 

Coal  strata,  limits,  ii.  795 — nature,  ii.  796 — Rliume 

Run,  li.  54— under  the  conglomerate,  ii.  666. 
Coalbrook,  ii.  383. 
Coalbrookdale  coal-Held,  ii.  978. 
Coaldale,  ii.  29,  30, 
Coal  Hill,  ii,  632. 
Coal  Mine  Run,  ii.  64. 
Coaliuoiit,  11.  4o2, 

Coal  Run,  li.  269,  521— basin,  estimate  of  coals,  ii. 

301— binicture  of,  li.  296,  297. 
C'oal-ruu  (iap,  ii.  298— Ridge,  ii.  303— anticlinal,  ii. 

291— Tiuga  River,  u.  520— Valley,  li.  30:j. 
Coatesville,  .^ur.  limest.,  i.  214— Pri.  sandst.,  i.  166- 

Pri.  rocks,  i.  175,   176 — Pri.  series,  i.  122 — Pri. 

slates,  i.  174. 

Cobb's  Gap,  ii.  319— Ser.  series,  i.  147— Umb.  series, 

i,  145 — Vesp,  rocks,  i,  143. 
Cobus  Creek,  .Mat.  limest.,  i.  246— Creek  Valley.  Aur. 

limest.,  i.  246. 
Cockle  coal,  identification,  ii.  170. 
Cockle's  red-ash  seam,  ii.  432— vein,  ii.  153,  1.54. 
Cocolanius  Creek,  i  392— Verg.  and  Cad.  rocks,  i.  115. 
Codorus  Creek,  i.  185,  193— Aur.  limest.,  i.  222— 

cleavage,  i.  191 — mouth  ot,  ii.  t,SO. 
Coti'ee  Run,  Cad.  and  Verg.  rocks,  i.  523. 
Coganhouse  setilenient,  ii.  510. 
Cogan's  Openings,  Bedlord  Forge,  iion  ore,  i.  5'.'5. 
Colalian'scolhei-y,  ii.  117 — mine,  li.  126. 
Colchester  and  Hants  coal-Held,  ii,  947. 
Cold  Spring,  altered  rocks,  i,  206— Vesp.  conglomerate, 

i.  293. 
Colebrook,  ii,  687. 

Culebiookdale  township,  crystalline  limest.,  i.  201 — 

gneiss,  i.  201. 
Coleman  oie-banks.  Safe  Harbour,  i,  218. 
Coleiain,  coal-measures,  ii.  246— forge,  i.  500— mill, 

Aur.  limest.,  i.  501. 
C'olheries,  Silver  Creek  and  Mill  Creek,  ii.  125— West 

Norwegian,  ii.  147— West  Norwegian  and  Swatara, 

ii.  168. 

Collins's  mine,  ii.  391. 
Cult's  coal,  ii.  388,  403. 
Colt's  station,  i.  57S. 

Columbia,  Aur.  culc.  sandst.,  i.  123 — Bridge  gneissic 
rocks,  i.  79— mica  slate,  i.  68 — to  Cliiquesulunga 
Creek,  i.  193— cleavage,  i.  221— Pri.  rocks,  i.  193— 
Pri.  series,  i.  122. 

Concietioiiaiy  structure  of  Verg.  str.,  i.  581. 

*'  Cone-iii-C.nie  "  structure,  i.  581. 

Coneinaugli  Gap,  Chestnut  Ridge,  Vesp.  rocks,  i.  143 
—Laurel  Hill,  i.  143,  146— river,  i.  33— viaduct 
sc.neiy,  i.  34. 

Conemaugli,  ii  617— furnace,  ii.  660. 

Conequeuessing  Creek,  ii.  578. 

Conewango  Creek,  Pri.  sandst.,  i.  166,  ii.  556 — Falls, 
ii.  677— Hills,  ii.  087- Falls,  irap-dykes,  i.  49— 
Bridge,  intrusive  rocks,  i.  190— Chapel  liinestuue 
quarries,  i,  223 — ore-bank,  i.  219. 

Coiiloimable  continuous  sequence,  ii,  777 — interrupted 
sequence,  ii,  778. 

Conglomerate  beds  in  Verg.  str.,  i.  298— roof,  Muddy 
Branch,  ii.  157. 

Congloiueritic  rocks,  M'-Ginnes's  Hollow,  ii.  205,  206. 

Conneaut  Creek,  i.  678,  li.  559— Lake,  i.  39,  i.  578 — 
calc.  marl,  i.  586— town.  Cad.  sandst.,  i.  584. 

Coiiecoclieague  Gap.  i.  331 — sync.  belt,  of  limest.,  i. 
347— Mountain,  i,  331 — Uad.  rocks,  i.  314— iron 
sandst.,  i.  338— iron  ore,  i.  339 — Pii.  str.  i,  2u3, 

Conedogwiiiit  Creek,  i.  257 — sulphuret  of  iron,  i.  260 
—Mat.  slate,  i  260. 

Concstoi;a,  aspect  of  the  Su.squelianna  River,  i.  49— 
Creek.  eMstei  n  biancli,  Aur.  limest.,  i,  218.  221 — 
trap-d>kc,  i,  221— limestone,  i,  185— limestone  basuis. 

i.  218— Vahe.v,  i.  176, 
Connecticut  Valley,  red  sandst.,  ii.  694. 
Connellsville,  ii.  500,  502 — section,  ii.  621. 
Connequenessing,  ii.  492, 

Conoloway  Creek,  i.  428— fracture  in  striita,  i.  424. 

Coiioloway  Ridge,  i.  42,'l. 

Conolly's  drilt.  u.  564. 

Connor  and  Roads'  slope,  ii.  125. 

Conshohocken  anti.  belt  of  Pri.  rocks,  i.  162— beds. 
Matsoii's  Run,  i.  165— Ridge  anti.,  i.  211 — trap- 
dyke,  i.  105. 

Contact  of  coal-beds  and  marine  limestones,  ii.  804. 

Contortions  in  coal  strata,  i.  235. 

Ctnuilaria  Tientoneiisis,  ii.  819. 

Curn.v^dl  mines.  Lebanon  county,  i.  181,  182. 

Conyrgliam's  larm,  li.  371. 

Conynghaiii  road  coal-basins,  ii.  253— Vallev.  anti 

ii.  242. 

Cook's  coal,  ii.  454. 

Cook's  Gap,  i.  371,  379,  380— Pheasant  Valley,  i,  487 
Cool  Spring  Creek,  ii.  563. 
Cool  Spring  furnace,  ii.  472. 

Cooper  coal,  ii.  410,  411— Pine  Swamp  Run,  ii.  411. 
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Cooper's  Gap,  i.  476— mine,  ii.  407. 

Cooper  or  Orchard  bed,  ii.  408 — Point,  octahedral 

iron,  i.  187. 
Copehiud's  mill.  Mat.  black  slate,  i.  480. 
Copper  mine,  ii.  709. 

Copperas  mine,  near  BreinigsviUe,  i.  265— run,  i.  84. 
Copper  ore  associated  with  trap,  ii,  687 — Cornwall 

iron-mine.",  ii.  71S)— I.alie  Superior,  ii.  748 — nickel- 

miue,  ii.  1022 — veins,  ii.  700. 
Copp's  Settlement,  ii.  668. 
Cordaites,  ii.  877. 
Coruulites  flexuosis,  ii.  823. 
Cornwall  iron-mine,  trap-dykes,  ii.  687. 
Cornwall  iron-mines,  li.  718 — ore-hills,  ii.  719. 
Correlation  of  .\merican  and  British  Fala;ozoie  strata, 

cited,  ii.  78.'). 

Coudersport,  ii.  487,  546 — Umb.  series,  i.  146 — Vesp. 

roeks,  i.  143. 
Council  Rid;,'e,  anti.  axis,  details,  ii.  241. 
Courson's  Hampden  mine,  ii.  ^44. 
Cove,  anti.  axis,  i.  3,sl,  ;jS2,  ;i87— Cad.  black  slate, 

i.  39S,  3:»4— Cad.  slate,  i.  394— Jler.  sandst.,  i.  390. 
Cove  forge,  Mat.  slates,  i.  Mi. 

Cove  Mountain,  i.  23,  118,  382,  569 — Surg,  strata,  i. 
565— Mono,  crest,  i.  14 — Ponent  sandst.,  i.  364,  327 
— Surg,  ore  stratum,  561 — Umb.  red  shale,  i.  365 — 
Vesp.  rocks,  i.  365. 

Covington,  ii.  483,  524, 

Covvanesque,  ii.  525 — Creek,  ii.  485,  486,  487 — anti. 
axis,  i.  308 — Valley,  Ponent  red  shale,  i.  311. 

Cowan's  Gap,  Levant  sandst.,  i.  331 — Tuscarora  Moun- 
tain, 1.  320. 

Cowansliannock,  ii.  486,  586. 

Cox's  Drift,  ii.  644. 

Cramley'sllill,  i.  360. 

Crain's  Quarry.  Crahi's  Mill,  i.  583. 

Cranberry  colliery,  ii.  "260 — Creek,  ii.  241 — coal,  ii.263 — 
Ridge  anti.,  ii.  255 — shaft,  det:uls,  ii.  258 — Big  coal- 
seam,  ii.  255. 

Crane  ironworks,  ii.  727. 

Crawford  calc.  liraest.,  i.  584— topographical  features, 

i.  576. 

Creitz  Creek,  i.  18,5 — Aur.  limest.  quarries,  i.  22"2. 
<'rLinato|iteris,  ii  8tiS. 
Cressonvdle.  ii.  433. 

Creswell's  iron-ore  bank,  i.  433 — ore-bank,  i.  425. 
Cretaceous  deposits,  ii.  765 — Physical  geography,  ii.  767. 
Crili's  mill,  ii.  564. 

Crooked  Creek,  ii.  486,  ,525,  .589,  592— Bend,  ii.591— 
remarkable  lake,  312 — Plum  Creeks,  ii.  591. 

Crosby  coal,  Mecke's  western  tunnel,  ii.  208— Sando's 
colliery,  ii.  207 — Staunton's  tunnel,  li.  209 — Staun- 
ton's Broad  Mountain  tunnel,  ii.  221 — seam,  ii.  444. 

Cross  Creek,  ii.  242 — coal.  ii.  262. 

Cross-cut  coal,  ii.  101 — Keinhardt's  Run,  ii.  78 — Tam- 
aqua,  ii.  215 — vein,  ii.  99. 

Crossley's  iron-ore  pits,  ii.  706. 

Crow  Hollow,  ii.  420 — basin,  ii.  31 — coal-beds,  ii.  131 
— Mammoth  Vein  colliery  basui,  ii.  31 — Mammoth 
coal,  ii.  87. 

Croyle's  mills,  ii.  653. 

Crum  Creek,  i.  70 — hornblendic  gneiss,  i.  78. 
Crust-waves,  ii.  890 — movement,  close  of  Mat.  period, 

ii.  784 — end  of  Mat.  period,  ii,  786 — undulations,  ii.  1. 
Crystal  Ridge  anti.,  ii.  254 — slope,  ii.  258. 
Cucumber  Run,  ii.  665. 

Culm,  ii.  991. 

Cumberland,  i,  139  —  Cad.  upper  black  slate,  i.  140  — 
coal-basin,  ii.  4 — coal-Held,  ii.  981 — furnace,  ii.  267 
— Pri.  white  sandst.,  i.  204. 

Cumberland  Scalent  grey  marls,  magnesian  limest.,  i. 
538— Prem.  limest.,  i.  639— Valley,  ii.  2— syn.  belt, 
i.  334,  ii.  4 — 19th  anti.  axis,  i.  317— Maryland  line,  i. 
569— iron  foss.  ore,  i.  566— topography  south  of  Bed- 
ford, i.  568. 

"Curly  Back  "  limest. -beds,  i.  499. 

Curtis 's  coal,  Sharon,  ii.  561. 

Curwinsville,  ii.  536. 

Cuts  printed  in  text,  i.  xxvi. 

Cwmbola,  ii.  417 — anti.  structure,  ii.  35 — Clarkson 
coal,  ii.  219 — Lewis  vein,  ii.  124 — Palmer  coal,  ii. 
125 — synclinal  axis,  ii.  126. 

Cyathaphyllura  turbinatum,  ii.  827. 

Cyclopteiis,  ii.  855. 

Cypris  Leidyi,  ii.  771. 

Dado's  ttinnel,  ii.  33,  34,  115. 

Dale's  Hill,  limest. -quarries,  ha;matitic  ore,  i.  460— 
Sea.  limest.,  i.  438. 

Daniell  coal,  Mecke's  western  tunnel,  ii.  208 — Peaked 
Mountain,  ii.  208 — Pine  Knot  colliery,  ii.  204 — San- 
do's  colliery,  ii.  207 — Staunton's  tunnel,  ii.  209 — 
seam,  ii.  444. 

Daniell  seam,  Lewis  Doherty's  colliery,  "205. 

Danville,  arg.  limest.,  i.  537-— Bridge,  Sea.  limest.  i. 
451— Mer.  slate,  i.  137— Mer.  rocks,  thickness,  i.  ,399 
— section  of  Montour  Ridge,  i.  444 — Surg,  older  slate, 
i.  442 — Narrows,  Lev.ant  white  sandst.,  i.  435,  462 — 
Surg,  iron-sandst.,  i.  436— rocks,  i.  132,  133,  134, 436, 
437— shales,  i.  398— slates,  i.  397— upper  calc.  shales, 
i.  442 — Verg.  rocks,  i.  439. 

Darby  Creek,  felspathic  gneiss,  i.  70  —  porphyritic 
gneiss,  i.  69 — third  belt  of  gneiss,  i.  73. 

"  Dark  Swamp  "  bog-ore,  i.  280. 

Darlington's  Comer,  serpentine,  i.  170. 

Daupliin  basin,  i.  13,  ii.  20,  164— siructure,  ii.  179 — 
coal-measures,  ii.  193 — Rattling  Run,  ii.  197 — coal- 
measures,  ii.  188 — structure,  ii.  27  —  coal  str. ,  ii.  37 
—Big  Plats,  ii.  198— coal-basm,  i.  24,  26, 114,  ii.  440 
—Valley,  i.  118. 


Davis's  ore-bank,  i.  479 — Hill,  i.  513  —  openings,  iron- 
ore,  i.  524. 
Dawson,  Prof,  J.  W.,  cited,  ii.  942. 
Deal  Bank,  ii.  491.  570. 

Doer  Creek,  ii.  559,  571 — augitic  syenite,  i.  190. 

Deevhole  syn.  valley,  i.  488. 

Delavie's  quariy,  Washington,  i.  454. 

Delaware  Bay,  i.  48  —  county,  felspathic  syenite,  i.  70 
— gneissic  rocks,  i.  76,  77 — gneissic  ridges,  i.  94 — 
and  Hudson  counties,  ii.  334  —  Coal  and  Canal 
Couipaiiv's  coal,  ii.  331  — subdivisions  of  Main  coal- 
bed,  ii.  334. 

Delaware  to  the  Lehigh  slate  cleavage,  i.  247 — mine, 
(west),  ii.  4'-'5— Post-mer.  rocks,  279 — Pri.  sandst,. 
and  gneiss,  i.  196 — River,  i.  4 — basin,  i.  40,  41 — 
closed  in  17S0,  i.  65 — anti.  flexures,  i.  240 — Aur. 
hmest.,  i.  241  —  Mat.  limest.,  i.  125  —  Mer.  slates,  i. 
439 — scenery,  i.  47 — scenery  near  Lehigh,  i.  47 — 
tabulated  description,  i.  43— syn.  flexures,  i.  240 — 
Valley  scenery,  i.  37. — Water-gap,  i.  29 — Cad.  str., 
i.  '279 — northwards  to  Broacihead's  Creek,  i.  271, 
272 — dislocation  at,  ii.  884 — Levant  sandst.,  i.  277 — 
Levant  grey  sandst.,  126,  white  sandst.,  130 — Mer. 
rocks,  i.  278 — Preiii.  limest.,  i.  278 — River  scenery, 
i.  47 — showing  dislocation,  ii.  896 — slate  quarries,  i. 
247— to  Strasburg,  Mat.  slate,  i.  260 — Surg,  rocks, 
131,  132,  277— Wind  Gap,  i.  283. 

Delaware  Valley  scenery,  i.  32. 

Delthyiis  congesta,  ii.  82S— cuspidata,  ii.  829 — granu- 
lifeia,  ii.  828 — lynx,  ii.  820  —  medialis,  ii.  828 — mac- 
ropleura,  ii.  825. 

Dendrerpeton  acadianum,  ii.  944. 

Depositions  and  disturbances  of  Aur.  period,  ii.  781 — 
Cad.  series,  ii.  791 — Levant  period,  ii.  788 — Mat.  pe- 
riod, ii.  783 — Mer.  series,  ii.  790 — Pon.  series,  ii.  793 — 
Postmer.  series,  ii.  791 — Prem.  series,  ii.  790 — Pri. 
period,  ii.  779  —  Sea.  series,  ii,  789  —  Surg,  series,  ii. 
789 — Umb.  series,  ii.  794 — Verg.  series,  ii.  792— 
Vesp.  series,  ii.  79,3. 

Derbyshire  coal-field,  ii.  980. 

Description  of  Eocene,  ii.  769  —  fossil  coal-plants,  ii. 
847. 

Desor,  Professor  E.,  on  Pleistocene,  ii.  775. 

Detailed  description  of  bituminous  coal  region,  ii.  507. 

Devonian  equivalents,  ii.  750. 

Diagonal  lamination  in  Verg.  flags,  i.  296 — Verg.  stra., 
i.  581. 

Diagram  of  European  formations,  ii.  742. 
Dial  Knob,  ii.  326. 

Diamond  coals,  ii.  92,  109,  130,  340— bed,  ii.  128,  1,36 
— basin,  undulations  of  the  coal,  ii.  352 — identifica- 
tion, ii.  170. 

Diamond  colliery,  ii.  419 — basin  mines,  ii.  352 — drift,  ji. 

341 ,  3,53 — mines,  Swetland  Meadows, ii.  352 — general 

section,  ii.  35"2 — shaft  No.  2,  li.  353  —  coal  H,  ii. 

354— rock,  i.  123— to  Paoli,  i.  175— Pri.  rocks,  i.  173 

— Pri.  sandst.,  i.  174. 
Diamond  scam,  ii.  426 — Pinebrook,  ii.  352 — seams,  ii. 

419. 

Dickey's  Mountain,  i.  326,  419  —  Levant  sandst.,  i. 
324— Mer.  sandst.,  i.  424 — Surg,  and  Sea.  rocks, 

i.  415. 

Dick  s  Kidgeaxes,  i.  361— anti.  axes,  i.  360,  317— Cad. 
grey  sandst  ,  i.  356  —  Cad.  and  Verg.  rocks,  i.  360— 
Rca.  and  Prem.  limest.,  i.  350 — Mer.  sandst.,  i.  353. 

Diehl's  drift,  ii.  4'20. 

Dill  coal,  ii.  148. 

Dill's  and  Ewing's  mill,  ii.  587. 

Dillsburg,  ii.  683,  689— limest.,  i.  204— Prim,  str.,  i. 
'203. 

Diluvial  scratches,  Wyoming  Valley,  ii.  941. 

Diluvium,  drift,  or  glacial  deposit,  i.  37. 

Diplostegium,  ii.  869. 

Dip  of  Mesiizoic  red  sandst.,  ii.  701. 

Dip  mine,  ii.  331. 

Dip  of  Pri.  str.,  i.  190,  191. 

Direction  and  dip  of  the  cleavage-planes,  i.  24S. 

Dirt  fault,  ii.  415. 

Dislocated  flexure,  ii.  237. 

Dismal  Swamp,  ii.  847 — Virginia,  ii.  845. 

Distnlnition  of  coal-plants,  Lesquereux,  ii.  837. 

District  townsiiip,  Pri.  white  siiiuist, ,  i.  201. 

Disturbances  at  end  of  Aur.  period,  ii.  783. 

Dividing  .Mountain,  i.  26,  318  —  Levant  sandst.,  i.  332 

—Mat.  slate,  i.  322. 
Dobson  coal,  ii.  128. 

Dodd's  cannel  coal,  ii.  59R — farm  coals,  ii.  336. 
Dodson's  Big  coal  outcrop,  ii.  411 — school-house,  ii. 

38,5— anti.,  ii.  390— Lane,  ii.  387. 
Dogwood  Unn,  Aur.  limest.,  i.  258 — limest.,  i,  204. 
Dolbin  and  Rogers*  colliery,  ii.  432. 
Dolph's  Mill,  Vesp.  rocks,  ii.  361. 
Dolomitic  rock,  i.  210. 

Donaldson,  ii.  154,  438  —  basin  coal-seania,  ii.  180, 181, 
232— Big  vein,  ii.  156— Black  Heath  coal,  ii.  216— 
coal-beds,  ii.225 — Ten-feet  coal,  ii.  156— coal.  Middle 
Creek,  ii.  178 — coals  in  gap  of  Big  Lick  Alountain, 

ii.  182 — syn.  valley,  details,  ii.  46. 
Donolley's  mill,  ii.  602. 

Dorsey  and  Green's  ore-banks,  details,  i.  516. 
Dougherty's  mine.  ii.  443. 

Downingtown  Aur.  limest.  quarries,  i.  214 — Valley, 
Pri.  slates,  i.  158 — Pri.  rocks,  i.  151 — Pri.  sandst., 

i.  166. 

Doylestown  turnpike,  gneissic  rocks,  i.  81. 
Drainage  lake,  i.  41 — Mexican  Gulf  or  Ohio  River,  i. 
42. 

Drake's  Narrows.  Lev.  sandst.  mountain,  i.  478 — Run, 

ii.  659 — Run,  Serai  conglomerate,  ii.  25. 


Dreck  Creek  coal-basin,  ii.  251 — Valley,  coal-basin,  ii. 
240. 

Drift,  i.  59 — in  coal-bed,  ii.  1010— formation,  Penn- 
sylvania, i.  37 — later  local,  775 — in  Northampton, 
Lehigh,  Delaware.  Sc.,  i.  38 — in  north-west  district, 
i.  585 — stratum,  ii.  774 — in  western  division,  fourth 
district,  i.  312 — in  Western  Penusylvania,  i.  38. 

**  Drifts  "  or  *'  levels,"  ii.  56. 

Driitwood  branch,  ii.  482,  484,  538. 

Dripping  Arch,  anti.  axis,  ii.  154,  155 — and  Phcenix 
mines,  anti.  axis,  origin,  range,  details,  ii.  42. 

Dromotlierium  sylvestre,  ii.  697. 

Drumore,  Aur.  limest.,  i.  176. 

Drury's  Run,  ii.  4^3. 

Dry  Hohow,  ii.  50— Ridge,  red-ash  coals,  ii.  71. 
Dry  Ridge,  Cad.  and  Verg.  rocks,  i.  573 — composition, 
564. 

Dry  Run  anti.  axis,  i.  315. 
I  Dry  Valley,  i.  408,  403— Sea.  limest.,  i.  401— syn. 
!      stmcture,  i.  409. 

I   Dublin  Gap,  mineral  spring,  i.  260 — IIoUow,  i.  335 — 
Hollow  anti.  axis,  i.  317. 
DuU's  s;iw-mill.  Mountain  Creek,  i.  205. 
Dumont,  M.,  on  Belgium,  i.  900. 
Dunbar  Creek,  ii.  501,  612— section,  ii.  610. 
Dunbar  mill,  ii.  612. 
Duncannoii,  Pon.  sandst.,  i.  364. 

Duncan's  Island,  Main  Juniata,  i.  5 — Pon.  red  sandst., 

i.  363— trap-dyke,  i.  366 — Point  auti.,  i.  187. 
Dundas  collieries,  ii.  427,  428,  437 — Black  Valley  coal, 

ii.  168. 

Dunfermline  coal-field,  ii.  985. 

Duiimore  coals,  ii.  33s— Hill  coals,  ii.  343— Ridge  anti. 
axis,  ii.  343. 

Duniiing's  Creek,  i.  561,  564 — exposition  of  strata,  i. 

566— Gap  limest.  quarries,  i.  562 — of  Surg.  str.,i.560 

— of  Surg,  rocks,  i.  567. 
Duniiing's  Mountain,  i.  15,  117 — exposition  of  str.,  i. 

557— vertical  dips,  i.  607. 
Durham  Cave,  i.  99,  236. 

Durham  Creek,  ii.  681 — gneiss,  i.  100 — limestone,  i. 
234 — Pri.  sandst.,  i.  196 — ^unconformity  of  dip,  i. 
100. 

Durham  Hills,  Aur.  hmest.,  i.  100— structure  of  gneiss, 

i.  99. 

Durham  iron  mine,  ii.  715— and  Newcastle  coal-Held, 

ii.  980— ridge  of  gneiss,  i.  234 — Pri.  series,  i.  123. 
Durham  river  scenery,  i.  47. 

Dutch  Corner,  dips  of  str.,  i.  562 — Cove,  i.  561 — Surg, 
ore  shales,  i.  557— Surg,  shale  and  marl  formatious, 
:      i.  560 — syn.  flexure,  i.  568. 
'  Dutchman's  Run,  ii.  513. 
Dutch  settlements,  ii.  510. 
Dutotsville,  Surg,  red  shales,  i.  27'2. 
Dvctiopteris,  ii.  861. 
I  Dyke  of  trap-rock,  i.  182— Sorrel  Horse  Tavern,  i.  221. 
i  Dynamic  value  ol  coal.  ii.  1018. 
Kagle  colliery,  ii.  42o — Creek,  Big  Hazleton  coal-bed, 
ii.  255 — furn.ace,  clilfsofCad.  rocks,  i.  552 — Gap  Sea, 
limest.,  i.  546— Sea.  and  Prem.  limest.,  i.  546. 
Eagle  Hill  colliery,  details  of  the  outcrops  of  the  coals, 
ii.  128,  129. 

Earthquake  undulations  concerned  in  production  of 

coal  stratJi,  ii.  807. 
East  Boston  basin,  coal-beds,  ii.  269. 
East  branch  of  red  clay  anti.  axis  of  gneiss,  i.  227 — 

Swatara  south-dipping  str.,   ii.   167  —  East  Cain 

Church  Aur.  limest.,  i.  214 — Council  Ridge  anti. 

axis,  details,  ii.  '241 — Creek,  ii.  522. 
I  Eastern  Carb.  district,  anthracite  basins,  ii.  20, 
I  Eastern  Midde  coal-basins,  i.  118 — coal-field,  i.  147, 

ii.  7 — Umb.  red  sli.ale,  ii.  12. 
Eastern  Mine  Hill,  central  anti.  axis,  details,  ii.  199 — 

anti.  axis,  ii.  199— anticlinal,  ii.  2tiO. 
Eastern  Pennsylvania,  subdivisions  of  the  district,  ii. 

5 — Shade  Mountain,  Lev.  rocks,  i.  367. 
Eastern-.Middle  anthracite  coal-Iield,  ii.  239. 
Ea.st  Goshen  Friends'  meeting  house,  i.  168 — liberty,  iu 

C22 — mine,  li.  65 — of  noith  branch,!.  143  —  Nor- 
wegian, ii.  424,  141,  142— basin  H  li,  ii.  39— Creek 

Valley,  mining  details,  ii.  85 — Peach  Mountain  coal, 

ii.  34 — synonym  of  the  coal,  ii.  223. 
Easton  to  Monroe  (see  section  A),  i.  98— road,  i.  95— 

turnpike  toll-gate,  ii.  389. 
East  Tennessee  oolitic  limestone,  i.  238. 
East  Valley  Creek.  Pri.  rocks,  i.  173. 
i   Eckl's  tunnel,  ii.  439— Eckman's  Run,  limest.  belt,  i. 

214— Edgehill,  ii.  122. 
Economic  considerations  respecting  coal,  ii.  997. 
Edgehill,  gneiss  rocks,  i.  80 — limest.  basin,  i.  159 — 

Pri.  str.,  i.  80— Pri.  rocks,  i.  152,  160— Pri.  series,  i. 

12'2 — Pri.  str.,  i.  77— Ridge,  i.  151— gnessic  rocks,  i. 

161. 

Edgehill,  thickness  of  Pri.  rocks,  i.  155 — village,  ex- 
posures of  I'ri.  rocks,  i.  lot!. 

Edmiston  Bank,  pipe  ore.  i.  500. 

Edward  furnace.  Blue  Ri<lge.  i.  369. 

Edward's  and  .Morgan's  tunnel.  Black  Valley  coal,  ii. 
217. 

Egg-congloinemte,  ii.  198— Buck  Ridge,  ii.  210.  211— 

liauseh  Cieek,  ii.  165 — Swatara  Falls  axis,  ii.  177. 
Egg  Hill,  i.  4.93— composition,  i.  483 
I  Elephant,  ii.  773. 

Eleplias  primogenius,  ii.  774. 

Elevation  of  main  water-shed,  i.  2 — South  Mountains, 
i      i.  91 — theories  of  strata,  ii.  905. 
Elizabeth  copper-mine,  ii.  707. 

Elk,  i.  120 — county,  ii.  487 — Creek,  i.  578,  ii.  50S — 
Verg.  sir.,  i.  582 — limest.  quarry,  fossils,  L  493 — 
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Narrows,  i.  4S4— Lick  coal,  ii.  488.  493.  494— Lick 

Creek,  section,  ii.  (j.^jl. 
Elk  Mountain,  ii.  484.  520,  540,  541. 
EUiotsburg,  Sea.  and  I'rem.  limest.  Ridge,  i.  349— Svn. 

knob.  i.  3(>1. 
Ellisburg,  Pon.  str.,  i.  142. 
Emlenton,  ii.  575. 

P^mmerick's  Mill,  conglomerate,  i.  575. 
Etnmettsburg,  ii.  69L 

Kmmons  on  Mesozoic  of  North  Carolina,  ii.  (i9G— re- 

searclies,  ii.  694. 
Emporium,  ii.  486,541. 
English's  Kun,  ii.  518. 
Entelodon,  ii.  771. 
Entrican's  Coal,  ii,  455. 

Eocene  formations,  ii.  7G3 — physical  geograpliy,  ii. 

770— strata,  ii.  709. 
Epidote,  ii.  687.  688. 
Epier's  Tavern,  marble  quarry,  i.  491. 
Epsom  salts,  manulactured,  i.  171. 
Equus,  ii.  773. 
Equisetites,  ii.  850. 

Erect  petrifled  trees,  C'arbondale,  ii.  S46. 
Erie  County,  topographical  features,  i.  576 — e.xteusion 
canal,  i.  578. 

Erosion  of  auti.  belts,  ii.  921 — anti.  ridges,  ii.  922 — 
liorizontal  str.,  ii.  917 — monoclinal  belts,  ii.  919 — 
mono,  vallevs,  ii.  921 — surface  between  the  Dela- 
ware and  Leliigh,  i.  249— syn.  belts,  ii.  924.  927— 
terraced  ridges,  ii.  931 — unsymmetrical  anti.  ridges, 
ii.  940. 

Errors  corrected  in  note,  ii.  416. 

Escarpment  of  Verg.  flags,  i.  286.  287. 

Eshalman's  Run,  limest.  trough,  i.  218. 

Estheria,  ii.  827. 

Etna  Ironworks,  i.  505. 

Etting  Coal,  Bear  Gap.  ii.  192. 

Euphrata,  limest.  quarry,  i,  222. 

European  formations,  ii.  7-t2. 

Evans'  Ore-bank,  i.  217. 

Evaporative  power  of  coals,  ii.  1002. 

Evit  s  Creek,  Cad.  and  Verg.  rocks,  i.  5119 — mountain, 

i.  15,  117 — anti.  axis,  structure,  i.  509. 
Ewing'a  Mill,  ii.  587. 

E.tceptions  to  a  prevailing  law  of  flexures,  ii.  894. 
Explanation  of  origin  of  coal,  ii.  806. 
Exposures  of  strata,  second  anti.  belt  of  Fifth  District, 
i.  114. 

Extent  of  certain  coal-beds.  ii.  799. 
Eyster  Gap,  ii.  309. 
Fairchild's,  ii.  379. 

Fairfield,  ii.  684,  691— Aur.  limest.,  i.  224, 
Fairmount,  gneissic  rocks,  i.  67, 79— .quarries  of  gneiss, 

i.  70. 
Fairplay,  ii.  458. 

Fairview,  Cad.  and  Verg.  rocks,  i.  535,  578— inn,  i.  11 

— pictorial  sketch,  i.  ,32. 
Fall  Brook,  con!;loraerate,  ii.  330,  333. 
Fall  Creek,  ii.  513— section,  i.  512— Xowanda  Basin,  i. 

145 — Umb.  series,  i.  145. 
Falio\vfield  townsiiip,  calc.  limest.,  i.  534. 
Falls  Road,  Big  Seam,  u.  351. 
Fallston  Vein,  ii.  582. 
Fan-like  structure  of  tlie  Alps,  ii.  901. 
Fannettsburg,  i.  331 — Matinal  slate,  i.  322. 
FarrandsviUe,  ii.  528 — conglomerate,  i.  551 — furnace. 

i.  550. 

Fathomless  Spring,  i.  494. 

Fault  near  Birmingham,  i.  504— anticlin.al  D.  ii.  87 — 
Canoe  Mountain,  i.  504  — in  coal-beds,  ii.  236— at 
Newkirk  tunnel,  ii.  99 — in  the  Coal-meiisures,  ii.  27 

—  between  first  and  second  mountains,  i.  482 — in 
flexures,  ii.  898— Friends  Cove,  i.  508— Goslin  Run 
Gap,  i.  513 — in  the  Lackawanna  coal-basin,  ii.  334 — 
at  Little  Juniata  Gap,  i.  502,  514— Mahoopeny's 
qu.irries,  i.  550 — in  middle  zone  of  gneiss,  i.  86 

—  Path  Valley,  details,  i.  319  —  Peach  Mountain 
liasin,  ii.  94 — Pri.  str.,  Chique's  Ridge,  i.  19.0— and 
slips  of  the  coal  str.,ii.  234 — between  the  Sea.  limest. 
and  Surg,  slates,  i.  526 — Stone  Mountain,  i.  51.3— in 
Stone  Mountain,  details,  i.  477 — in  Tucker's  ."^lope, 

ii.  104— in  undulated  str..  ii.  895. 

Faust  Coal,  ii.  221— Hettinger's  mines,  ii.  177 — Chillis' 
Hollow,  ii.  140— Oliver's  colliery,  ii.  127 — Salem  col- 
liery, ii.  175. 

Faust's  Tavern,  coal-beds,  ii.  269. 

Fayette,  Umb.  rocks,  ii.  11. 

Fayetteville.  limestone,  i.  205. 

Fegeley's  ore-beds.  i.  88. 

Felis  intrepidus,  ii.  773. 

Fellow's  drift-mine,  ii.  314 — mine,  ii.  341 — outcrops  of 
coals,  ii.  3.52. 

Felspathic  gneiss,  i.  76— northern  belt.  i.  79 — southern 

zone,  i.  70. 
Fenestella,  ii.  827. 

Ferguson's  Valley,  Cad.  black  slate,  i.  425— Surg.  foss. 

ore,  i.  432— Surg,  rocks,  i.  412. 
Fern  of  Pon.  str.,  ii.  830— undetermined  affinity.ii. 868. 
Ferns,  ii.  853. 

Ferriferous  coal-bed,  ii.  496— limestone,  ii.  488,  490, 

491,  496,  568,  580,  582,  585,  ,592. 
Ferris,  Samuel,  coal-beds.  ii.  336. 
Ferryhouse,  Springmill,  i.  76. 
Fifeshire  coal-field,  ii.  98.5. 

Fifth  Basin,  ii.  583— in  bituminous  coal  region,  details, 
i.  1'20 — and  ami.  axis,  ii.  486— traced,  ii.  487 — in  the 
anthracite  coal  region,  i.  119  —  west  to  Genesee 
river,  ii.  525. 


Fifth  District,  first  anti.  belt  of,  i.  114— first  syn.  belt 
of,  i.  114— fourth  syn.  belt,  i  115— second  ami.  belt, 

i.  114— second  syn.  belt,  i.  114 — third  anti.  belt,  i. 
115— third  syn.  belt,  i.  11.5. 

Fifth  and  ai.xth  basins,  ii.  546. 
Fifty-feet  Coal  Vein,  ii.  51,  60. 

Filices,  ii.  853.  I 

Filices  or  fern  leaves,  ii.  878. 

Fillmore  colliery,  ii.  261 — conglomerate,  ii.  241. 

Finley's  Gap,  cliaracter  of  the  str.,  i.  495. 

Flo  forge,  StiUman's  Swamp,  i.  364. 

Fireclay  Hill,  i.  286. 

Fire  Vein,  on  West-West  Branch,  ii.  159. 

First  basin  north-west  of  the  AUeiiliany  Mountain,  [ 

ii.  480 — bituminous  coal  region,  i.  120 — traced  soutli 
to  Cambria  County,  ii.  527 — west  to  Pine  Creek,  ii. 
507,  508,  510. 

First  belt  in  the  anthracite  region,  i.  118— of  the  sixth 
district,  i.  434.  I 

First  coal-basin,  ii.  7.  ' 

First  sub-basin,  base  of  Chestnut  Ridge,  ii.  603 — 
south  of  Loyalhanna,  ii.  fi04. 

First  and  second  basins,  Somerset  and  Fayette,  ii.  650 

First  subdivision  of  Uiird  basin,  ii.  500. 

First  Twin  Coals,  details,  ii.  79. 

Fish-egg  lime,  i.  215. 

Fisher's  Basin,  ii.  43, 154, 157— the  coals  of,  ii.  178,  437. 

Fishing  Creek,  i.  ll(i — anti.  belt,  i.  4,)3,  454 — scenery 
of,  i.  49— Ridge,  i.  446— Sea.  limest.,  i.  438,  451— 
section  of  Montour  Ridge,  i.  441 — Valley,  Cad.  and 
Verg.  str.,  i.  361 — Pon.  red  saudst.,  i.  364. 

Fitton,  Dr,  on  structure  of  Wealdon,  ii.  900. 

Fitzgeriild's  coal,  li.  398 — school-house,  ii.  388. 

Fitzimmoii's  coal.  ii.  J2S,  419. 

"  Five-feet  Seam,"  ii.341. 

Five-mile  bu.ird,  Charles  Pott  coal,  ii.  219. 

Flagstone  group  of  gneissic  rocks,  spring  of  pure  well- 
aerated  water,  i.  72. 

Fleming's  Gap,  i.  496— dip  of  the  str.,  i.  488. 

Flexure  and  elevation,  theory  of,  ii.  911 — folded,  ii. 
889,  890— in  groups,  ii.  892 — how  related  to  eai  h 
other,  ii.  887— normal,  ii.  889 — in  the  chain  of  the 
£Soutli  Mountains, 'i.  94 — of  strata,  ii.  891 — symmet- 
rical, ii.  8S8 — at  Wind-gap  and  Lehigh  Water-gap 
compared,  i.  287. 

Flintstone  Creek,  Sea.  .and  Prem.  limest.,  i.  509,  510. 

Flintstone  Ridge,  i.  383 — Cad.  and  Verg.  rocks,  i,  392 
— Prem.  chert,  i.  3s8. 

Flowerytield  slope,  ii.  424 — tunnel,  ii.  424. 

Fluor  spar,  i.  479. 

Fogerty's  colliery.  Black-mine  coal,  ii.  170 — slope,  ii. 
4:J3. 

Foglesville,  ii.  724. 
Foliation,  ii.  904. 

Foot-marks,  ii.  694— in  coal  str.,  ii.  833 — prove  pro- 
gress in  animal  life,  ii.  832 — of  reptiles,  ii.  831. 
Forest  county,  ii.  487. 

Forest  lands  and  coal  lands  compared,  ii.  1017. 
Forest  Improvement  Company's  mines,  ii.  434. 
Forestville  colliery,  ii.  431. 
Forge  Creek,  ii.  400. 

Forge  Ridge,  i.  370,  377,  408— Surg,  rocks,  i.  378— 
forking  of  basin,  west  of  Willow  Grove,  i.  160. 

Formative  actions  producing  Palaeozoic  str.,  ii.  811. 

Fort  Laramie,  ii.  772 — Littleton,  i.  423 — sulphate  of 
barytes,  i.  414 — Mifflin,  winds,  i.  57. 

Fossil  fishes,  ii.  695 — flora  of  Great  Britain  cited,  ii.803. 

Fossiliferous  iron-ore,  ii.  729 — limestone,  Pittsburg, 
ii.  631 — ore  str.,  Hollidaysburg,  ii.  730. 

Fossil  plants  of  the  coal  str.  ,ii.  835— remains  of  Vir- 
ginia Meso/.oic  cual,  ii.  764. 

Fossils,  animal,  of  coal  str.,  ii.  833— of  the  Atlantic 
Pleistocene,  ii.  773 — of  the  Aur.  strata,  li.  817 — of 
the  Cad.  str.,  ii.  826 — of  the  coal-formation,  ii.  SIO 
— of  Eocene,  ii.  769— of  Lev.  .str.,  ii.  821— of  Mat. 
shale,  ii.  818,  820— of  Mer.  str.,  ii.  825,  826— of 
Mesozoic,  of  Virginia,  ii.  696 — Miocene,  ii.  771 — 
North  Carolina  oolitic  basin,  ii.  764 — Pon.  str.,  ii. 
830— Prem.  limest.,  ii.  824,  825— Pri.  str.,  ii.  815— 
Sea.  str.,  ii.  824 — surg.  str.,  ii.  822 — Verg.  str.,  ii. 
829 — Vesp.  and  Umb.  str.,  ii.  830. 

Foster,  Mr,  cited,  ii.  964. 

Foster's  coal-bank,  ii.  458. 

Four-feet  coal,  Wiikesharre,  ii.  322. 

Fourtli  basin  and  anti.  axis,  ii.  485 — in  bituminous 
coal  region,  i.  120 — traced  into  Jefferson  county,  ii. 
540 — west  to  Pine  Creek,  ii.  524. 

Fourth  belt  in  the  anthracite  coal  region,  i.  118. 

Fourth  district,  anti.  valleys,  i.  307— composition, 
structure,  &c.,  i.  36 — north-eastern  division,  i.  .305 — 
Swatarato  the  Susquehanna,  i.  293 — syn.  mountains, 
i.  307 — western  division ,  structure,  i.  307. 

Fourth  and  fifth  basins,  ii.  592,  596. 

Fourth  Mountain  coal-bed,  ii.  198. 

Fourth  or  north-eastern  district,  i.  294. 

Fox  Hill,  cocktail  grits,  i.  285— limest.  and  saudst. 
ridge,  i.  272 — Prem.  rocks,  i.  272. 

Frampton's,  ii.  587. 

Franklin,  ii.  489,  556,  562 — colliery,  ii.  432— county, 
belts  of  slate  and  limest.,  i.  261,  262 — Mat.  rocks,  i. 
112— Surg,  rocks,  i.  328. 

Frankstown,  branch  of  Juniata  river,  details,  i.  50 — 
Cad.  rocks,  i.  139,  140— Cad.  and  Verg.  rocks,  i. 
540— Cove,  i.  5.'>3,  556 — Knob,  frmn  tlie  top  of  Blue 
Knob.  i.  557 — Mer.  rocks,  i.  l:;7,  138— Mer.  slates 
and  sandst.,  i.  539— Prem.  limost.,  i.  136 — Prem. 
limest.,  thickness.,  i.  539— Sia.  Imiest.,  i.  ISO- 
Valley,  pictorial  sketch  of,  i.  30. 


Frantz  and  Company,  mines,  ii.  424. 
Frea's  Corner,  Pri.  rocks,  i. 
Fredeusburg,  i.  200— Pri.  slate,  i.  198. 
Frederick  county,  Maryland  slate  quarries,  i.  188, 
189. 

Frederick  Neal's  ore-banks,  i.  217. 
Fredericktown,  ii.  645. 

Frefebuig,  Sea.  marls,  i.  405.  » 
Freemansburg,  i.  96. 

Freeport,  i.  120,  ii.  488— coal,  ii.  492,  592 — lower,  ii. 

579,  582— upper,  ii.  493,  579,  582. 
Freeport  coals,  ii.  572,  577,  584,  630— group,  ii.  580, 

581 — limest.  and  cnal,  ii.  485,  492,  579,  587 — sandst., 

ii.  492 — section,  ii.  595. 
French  bulir-stone,  i.  529. 

French  Creek,  i.  677 — Cad.  sandst.,  i.  584— iron  ore,  i. 
585. 

French's  tunnel,  ii.  409 — anticlinal,  ii.  408. 
French  Village,  Coal-measures,  ii.  251. 
Frey's  Run,  limest. ,  i.  233. 

Fiiedensburg,  conglomeritic  sandst.,  i.  291 — iron  mine, 
ii.  716 — slate  valley,  i.  102. 

Friend's  Cove,  i.  117 — anti.  axes,  i.  469,  007 — struc- 
ture, i.  9. 

Frozen  Run,  ii.  51C. 

Fruits,  fossil,  ii.  875. 

Fruitstown,  Verg.  rocks,  i.  453. 

Fucoides,  ii.  842,  848 — bilobatus,  ii.  822 — found  by 

Brongniart  in  coal  str.,  ii.  843. 
Fuel,  qualities  of,  ii.  1000,  1006. 
Fuller's  Creek,  slope  mine,  ii.  35.5. 
Fulling  Mill,  Sea.  Ihnest.,  i.  387. 
Fulton  county,  Prem.  limest.,  i.  136. 
Fulton's  Gap,  Raid  Eagle  Ridge,  i.  493. 
Fungineaj,  ii.  847. 

Furgusson's  mill.  Cad.  olive  sh.ale3,  dip,  i.  551. 

Furnaces,  ii.  578 — tireat  Western,  ii.  578. 

Furnace  Hills,  i.  164.  165 — Sandy  Creek,  ii.  562 — vehi 

at  the  West  Branch,  ii.  171. 
Galena  limest.,  ii.  784. 
Gallagher's  Ridge,  i.  362. 

Galloway's  Gap,  belt  of  Sea.  limest.,  i.  413,  418. 
Gangways  in  Panther  Creek  tunnels,  ii.  74. 
Gaps  in  anti.  ridges,  ii.  933 — Nippenose  Valley,  i. 
489. 

Gardiner's  Creek,  ii.  367,  369. 
Gardner  coal-bed,  ii.  225. 

Gate  coal-beds,  ii.  36,  173 — Salem  colliery,  ii.  175. 
Gate  Vein,  Bettinger's  mines,  ii.  177. 
Gate  Range,  the  coal  str.  of,  ii.  185. 
Gate  Ridge,  ii.  175 — anti.  axis,  ii.  o6,  40 — below  Lle- 
wellyn, ii.  167 — at  Pottsville,  ii.  152. 
Gatesburg  Bank,  pipe  ore,  i.  500. 
Gatiss's  mine,  ii.  513. 

Gaylord's  land,  ii.  411 — miae,  ii.  407,  408— section 

ii.  412. 
Gebhart's  Run,  ii.  308. 

General  description  of  bituminous  coal-basins,  ii.  477. 
General  section  of  Pittston  Coal-measures,  ii.  361. 
General  structure,  ii.  323. 
General  summary.  British  coal-fields,  ii.  987. 
General  Wayne's  farm,  belt  of  serpentine,  i.  168. 
General  vertical  section  of  bituminous  coal  str.,  ii. 
474,  477. 

{ienesee  Basin  of  Lake  Ontario,  i.  42— group,  ii.  755 — 
river  drainage,  i.  35— Verg.  rocks,  j.  140,  141 — Verg. 
shales,  thickness,  i.  297. 

Geneva,  ii.  614. 

Geographical  distribution  of  Cad.  rocks,  i.  356 — of  cre- 
taceous str.,  ii.  705 — of  nietainorpliic  azoic  str.,  ii. 
746.  747— of  Miocene,  ii.  770— Umbral,  ii.  468— of 
Verg.  rocks,  i.  356 — Vespertine,  ii.  407. 

Geograjihical  range  of  the  rocks  of  the  South  Moun- 
tains, i.  91. 

fleological  areas,  ii.  743. 

(ieological  age  of  red  sandstone,  ii,  692. 

(ieological  sections,  i.  xxvi. 

Geology  of  the  United  States,  ii.  741. 

George's  Creek,  ii.  503,  648 — section,  ii.  014. 

George's  Valley,  i.  482 — anti.  arg.  limest.  i.,  494. 

Georgetown,  ii.  489,  509. 

Gerard,  anti.,  i.  5S2. 

Gerhart'sRuu,  anti.  flexure,  ii.  281— exposures  of  coal, 
ii.  289. 

Germautown,  axis  in  Surg,  rocks,  i.  315 — Prem.  and 
Mer.  rocks,  i.  347 — Surg,  rocks,  i.  339 — syn.  tongues 
of  limest.,  i.  348 — turnpike,  limest  quarries,  i.  213. 

German  Valley,  i.  308 — Sea.  marls  and  limest.,  i.  414 — 
Sea.  limest.,  i.  419 — Surg,  and  Sea.  rocks,  i.  413.j 

Gettysburg,  ii.  689— railroad ,  i.  200,  ii.  691. 

Gibson's  mill,  axis,  i.  317. 

Gin  Coal,  ii.  218. 

Girard  Tunnel,  Ser.  conglomerate,  ii.  209. 
Glacial  deposit,  i.  37. 
Glade  Run,  ii.  480. 

Gladding's  Run,  Cad.  and  Verg.  rocks,  i.  074 — rocks, 
&c.,  i.  572 — Pon.  and  Vesp.  roclvs,  i.  575 — Vesp. 
conglomerate,  i.  575. 

Glass,  its  manufacture,  i.  304. 

Glen  Carbon  colliery,  ii.  446 — tunnel  coals,  ii.  211. 

Glendower  colliery,  ii.  446. 

Glen  Rock  village,  Pri.  str.,  i.  192. 

Glover's  Valley,  anti.,i.  337. 

(Tlyptocriniis  decadactylus,  ii.  821. 

(inathadon  cuneatus,  ii.  774. 

Gneiss,  belt  north  of  Mooretown  and  Attleborough , 

Pri.  sandst.,  i.  80. 
Gneiss  district  north  of  Chester  Valley,  i.  85. 
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Gneiss,  division  of  middle  zone  of,  i.  S3 — faults  in  the 
luidiilo  zone  of,  i.  SO. 

Gneiss  and  granite  belt,  Susqnelianna  river,  i.  190. 

Gnei^s  liills  in  Lehigh  and  Berks,  i.  U7 — west  of  the 
Monokesy,  i.  — iron  ores  of  the  gneiss,  i.  H7— in 
the  Leliigli  hill,  i.  '2Xi — limits  of  middle  gneissic 
belt,  i.  77 — southern  belt,  boundaries,  i.  7d — northern 
belt,  i.  77,  7S — of  the  three  belts  of  the  southern 
district,  i.  76 — two  principal  ranges,  i.  8-t — in  mag- 
nesian  limestone,  i.  2:i0 — near  lUarlliorough  meeting- 
house, i.  2:iO— middle  belt  on  the  liiandyw  ine,  i.  S2 — 
middle  zone,  i.  83— narrow  ranges  and  local  out- 
crops west  of  the  Brandywine,  i.  81 — northern  belt 
on  the  Brandywine,  i.  82 — northern  branch  of 
French  Creek,  i.  85 — in  New  Jersey,  i.  23'i — Chadd's 
Ford,  i.  81— from  Edge  Hill  to  Morrisville,  i.  80 — 
east  of  the  Schuylkill,  i.  197,  198— in  hdls  east  of 
Reading,  i.  199— north  of  Chester  County  valley,  i. 
85 — near  Pricetown,  i.  198 — varieties  near  the  toU- 
gatewest  of  Morgan's  Corner,  i.  78— soutliern  zone, 
boundaries,  i.  f>7 — southern  belt  west  of  the  Brandy- 
wine Creek,  i.  81 — strike  nearEaston,  i.  24.j— struc- 
ture of  the  upper  or  northern  belt,  i.  74 — subdivisions 
and  details  of  northern  belt  on  the  Schuylkill,  i.  7.5. 

G  neissic  rocks,  ii.  744 — boundaries  of,  i.  83 — west  of 
Rocky  Mountains,  ii.  748. 

Gneissic str.,  ii.  70U — str.,  three  districts,  i.  60. 

<  I  neissic  and  Azoic  rocks,  ii.  740. 

(i  neissic  belts  near  Chestnut  Hill,  i.96 — hills,  calamine, 
near  i.  101 — or  Ilypozoic  rocks,  i.  59,  00,  04 — region 
of  the  Schuylkill,  i.  78 — or  Ilypozoic  rocks,  i.  11  1  — 
ridges  south  of  the  Lehigh,  i.  90— rocks,  i.  92 — 
Berks  county,  i.  94— Chestnut  Hill,  i.  93,  94— Cov- 
entry village,  i.  83 — east  of  Unionville,  i.  77 — French 
Creek  Valley,  i.  83— 1st  belt,  i.  68 — 1st  zone,  boun- 
daries, i.  60 — Mine  Ridge,  i.  83— nortli-west  branch 
of  the  Octorara,  i.  83— of  Schuylkill  Valley,  i.  07 
— second  or  middle  belt,  i.  71— south-east  of  Ster- 
ner's  Inn,  i.  198 — near  Spi'ing  mill  (see  section),  i. 
104,  105 — South  Mountains,  i.  112 — of  the  South 
Mountains,  boundaries,  i.  91 — northern  belt  of,  i.  73 
—undulations  in  the  Philadelphia  belt,  i.  76 — Welsh 
Mountain,  i.  83— west  of  the  Schuylkill,  i.  83. 

Godfrey's  Ridge,  limest.  q\iarry,  ii.  282— Mer.  and  Post- 
mer.  rocks,  i.  281 — Prem.  hmest.,  i.  283— south-west 
of  Stroudsburg,  i.  284. 

Goetz  Mine,  ii.  722. 

Gold  of  California,  ii.  748. 

Gold  Mine  Gap,  coal-beds,  ii.  193. 

Goniatites  interrnptus,  ii.  829. 

Good  Spring  Creek,  i.  118,  ii.  47 — near  Donaldson,  ii. 

103 — Gap,  grcy-ash  coal-seams,  ii.  104 — Valley,  ii. 

179,  180— gap,  details  of  the  coals,  ii.  182. 
Gorgas  iron-ore  bank,  i.  206. 

GoslinRnn  Gap,  fault,  Surg,  oresandst.,  i.  513,  515 — 

Surg,  ore,  i.  515. 
fioss's  coal.  ii.  532 — limest.  quarries,  i.  220. 
Gottman's  limest.  quarry  north-west  of  Peunsborougli, 

i.  542. 

Gould  coal-bed,  ii,  409,  411. 
Gould  and  Shank's  mine,  ii.  411. 

Gradations  in  coal,  ii.  995— in  the  coal  str.,  ii.  797 — in 
flexures,  ii.  892 — in  volatile  matter  in  coal,  ii.  SOS, 
809. 

Gradual  increase  westward  in  thickness  of  limest.,  ii. 
798. 

Grajffenburg  Springs,  Pri.  rocks,  i.  205. 
Grampian  Hills,  ii.  482. 
Grand  Tunnel,  ii.  409. 

Granite  dykes,  i.  170 — north  of  Knanertown,  i.  232— 
in  Pleasant  Valley,  i.  227 — near  West  Grove  meet- 
ing-house, i.  228. 

Granite  veins  in  gneissic  rocks,  i.  09 — in  northern 
belt  of  gneiss  on  Schuylkill,  i.  75. 

Granitic  dykes,  ii.  098,  700. 

Granitic  gneiss  in  Pleasant  Valley,  i.  22S. 

Graptolitims  pristis,  ii.  820. 

Grape  Knob,  i.  405. 

Grassy  Island  coal,  ii.  334— det.ails,  330. 
Grassy  Run,  ii.  615. 

Grave  Mountain,  alterations  of  the  str.,i.  531. 

Gray's  Ferry,  gneissic  rocks,  i.  08. 

Great  Appalachian  coal-field,  i.  32. 

Great  Aughwick  Valley,  i.  385,  411,  426— Cad.  rocks, 
i.  427 — structure,  composition,  i.  427 — limest.  belt., 
1.  419 — Mer.  sandst.,  i.  4"23 — Pon.  red  s.andst.,  i.  429. 

Great  Bed.  ii.  421— at  Carbondale,  ii.  332. 

Great  Bend,  the,  i.  48. 

Great  Limest.,  ii.  628— coal  stratum,  ii.  53. 

Great  Surface  Mine,  ii.  52. 

Great  Western  Furnace,  ii.  577. 

Green  Briar  Valley,  i.  421,  422,  425 — limest.  ridge,  i. 
417. 

Greencastle,  Aur.  limest,  i.  259 — Mat.  slates,  i.  259. 
Green  county,  ii.  507 — group,  ii.  503 — Upper  Barren 

coal-rocks,  ii.  20. 
Greenfield,  ii.  04'2. 

Green  Mountain,  ii.  243— east  coal-basin  of,  ii.  243 — 

details,  ii.  264. 
Green  Park  coal,  anti.  axis,  ii.  39— of  Mill  Cree  k,  ii.  137. 
Green  Ridge,  altered  rocks,  i.  200 — anticlinal,  ii.  27^ — 

Pri.  rocks,  i.  207— Gap,  details,  syn.  troughs,  ii.  2S4 

— Mine  Companv's  coal  openings,  ii.  286 — Pri.  rocks, 

i.  203,  207— the  State  line,  i.  204. 
Green  Run,  Cad.  lower  black  slates,  i.  552. 
Green's  Run,  exposure  of  foss.  chert,  i.  545. 
Greentree  Run,  gneissic  rocks,  dip,  i.  79. 
Greensburg,  ii.  492,  577. 


Greenstone,  ii.  699. 

Greenville,  li.  500 — Cad.  sandst.,  i.  584. 

Green  village  iron-ore  bank,  i.  268. 

Greenwood  Breaker  Basin,  ii.  30 — colliery.  Reed  imp. 
lands,  ii.  447 — furnace,  i.  479 — Surg,  shales,  i.  515 — 
tunnel,  coal-beds,  u.  i\7 — coal  E,  ii.  79  —  coal  F,  ii. 
08— details  of  the  coals,  ii.  83,  214,  215. 

Gresh's,  Mr,  i.  200. 

Grey-asli  coals  at  Donaldson,  ii.  231 — Silver  Creek,  ii. 
228  —  Tamaqua,  ii.  76  —  West  Branch  and  Wolf 
Creek,  ii.  231  —  west  of  Donaldson,  ii.  164  —  Little 
Schuylkill,  ii.  227 — Mill  Creek,  ii.  229 — in  Panther 
Creek  Tunnel,  No.  9,  ii.  75. 

Grey  Vein.  Middle  Creek,  ii,  156. 

Grier  coal,  details,  ii.  100,  414— Tuscarora,  ii.  216— 
details,  ii.  102, 

Grithn  farm,  coal-beds  and  strata,  ii,  349 — mine,  ii. 
3.50 — ravine,  ii.  342 — ravine,  tabulated  details  of  the 
coals,  ii.  350 — west  of  Scranton,  details  of  the  coals, 
ii.  350. 

Griffith  farm,  coals,  ii.  .341. 

Griffith,  Mr,  on  structure  of  Ireland,  ii.  900, 

Grindstone  Hill,  i.  2.59. 

Griscom  anti.,  ii.  44 — details,  ii.  101 — mines,  ii.  172. 
Groom's  quarry,  i.  153. 
Groover's  school-house  anticlinal,  ii.  378. 
Groundhog  Valley,  i.  521 — iron  ore,  i.  529— Umb. 

series,  i.  145. 
Grove's  fnlling-mill,  ii.  682. 
Grove's  Licks,  Mat.  slates,  i.  486. 
Grutf 's  tavern,  Sin*g.  calc.  ore  shales,  i.  455. 
Guiterman's  coal,  ii.  109,  119 — colliery,  ii.  418. 
Gulf  Creek,  i.  162 — outcrop  of  serpentine,  i.  163 — 

mills,  structure  of  the  Aur.  limest.  belt,  i.  211. 
Gulf  of  Mexico,  i.  52 — St  Lawrence,  i.  52. 
Guth  mine,  ii.  723. 
Gulick's  Gap,  ii.  397. 
Guysborough  coal-field,  ii.  950. 
Gypsum,  amount  quarried,  ii.  948. 
Ha'cket's  Gap,  "  nests  "  of  iron  ore,  i.  293. 
II addon  township,  mica  slate,  i.  77 
Hain's  inn,  limest  trough,  i.  161. 
Haine's  pit,  ii.  724. 

Haldenian's  mansion,  condition  of  the  Pri.  str.,  i.  194. 
Half  Fall  Rapids,  i.  51— Mountain,  i.  51,  114— anti. 

axis,  i.  316— Cad.  shales,  i.  139— Mer.  sandst,  i.  352 

— thickness  of  Cad.  str.,  i.  356 — Verg.  str.,  i.  356 — 

composition,  i.  358. 
Half- Moon  Run,  limest.  and  sandst,  i.  501 — Valley, 

i.  502. 

Hall's  limestone  quarries,  east  of  Williamsport,  i.  542. 

Hall  and  Rawle's  old  ore-baidt,  i.  479. 

Hamersville,  calc.  marl,  i.  580. 

Hamilton,  ii.  900 — group,  ii.  755. 

Hamilton's  old  opening,  ii.  455. 

Hampton  mines  shaft,  tabulated  details,  ii.  350. 

Hancock,  belts  of  limest,  i.  419 — coals,  ii.  130 — south 

of  Carey's  shaft,  ii.  134 — ^vein,  ii.  32. 
Hannah  Furnace,  Surg,  rocks,  i.  552. 
Hanover  Furnace,  Surg,  cellular  ore,  i.  432 — junction, 

cleavage,  i.  191 — ore-bank,  i.  479. 
Harbour  Mountain,  i.  528,  ii.  449 — iron  ore,  i.  529. 
Hardy's  (tre-bank,  i.  377. 

Hare's  Valley,  iron  ore,  i.  411,  412— Mer.  sandst.,  i. 

519— Pon.  str.,  i.  4"27 — Sea.  and  Prem.  limest,  i.  417 

— topography,  i.  521. 
llarmuuy.  ii,  5S0 — Verg.  shales,  i.  300. 
IIar|ier's  slope,  ii.  425. 
Harris's  banks,  pipe  ore,  i.  499. 

Ilarrisbnrg,  Aur.  limest.,  i.  257 — close  foldings  in  Mat. 

slate,  i.  246 — .\ur.  limest.,  i.  251 — Susquehanna 

River,  i.  49. 
Harrol's  coal-bank,  ii.  005. 
Hartlevton  Mountain,  i.  457. 

llartman  Tract,  Daniell  Coal,  ii.  211— coal  str.,  ii.  212. 

Hartslog  Valley,  i.  50 — Surg.  foss.  ore,  i.  510 — Sea. 
limest.,  i.  518. 

Harvey's  Creek,  i.  116 — mine,  ii.  410 — tunnel,  ii.  409. 

llasbrnck's  quarry,  ii.  78.5. 

Haven's  Lewis  Slope  Coal,  ii.  138,  139. 

Havener's  Big  Coal  in  Pinkertou's  tunnel,  ii.  12ii — 
mine,  ii.  126. 

Ilavre-de-Grace,  gneiss,  i.  190. 

Hawkshaw,  description  of  erect  fossil  trees,  ii.  805. 

llayden,  Dr,  discoveries  by,  ii.  764 — account  of  Jlio- 
cene  basin,  ii.  772. 

Ilazleton  and  Beaver  Meadow  plateau,  i.  147. 

Hazleton  coal-basin,  ii.  241,  252 — North  Branch,  ii. 
255— slope  No.  1,  Big  Coal,  ii.  257, 258— Great  Coal- 
bed,  ii.  259,  260. 

Hazle  Creek,  conglomerate,  ii.  23 — Big  Coal,  ii.  252. 

Head  Mountain,  i.  118 — pebbles  of  conglom.,  ii.  22,  23 
— anti.  axis.  ii.  207. 

Hearod's  Tavern,  ii.  526. 

Heckschcr  New  Mines,  red-ash  colliery,  ii.  154, 155. 
Hecksclierville,  ii.  445 — colliery,  ii.  444. 
Heilner's  Kantner  Drift,  ii.  172— Slope,  Black  Valley 
'      coal,  ii.  217 — Primrose  coal,  ii.  217 — Wolf  Creek, 
Black  Heath  coal,  ii.  216. 
Hell  s  Cidliery,  ii.  439. 
Heister's  Valley,  i.  374. 

Ilelltrtown  Road,  conglom. ,  i.  102— spurs  of  gneiss, 
i.  97. 

Hell-kitchen  Ravine,  u.  263. 
Helm  Iron-ore  bank,  i.  268. 

Hematitic  iron-ore,  i.  7 — Pickering  Creek  Basin,  i.  87. 
Hemlock  Creek,  i.  462,  ii.  502 — iron  ore  and  sandst., 
i.  445,  446— section  of  Montour  Kidge,  i.  441. 


'  Hemlock  Run,  ii.  544. 
Henderson's,  ii.  128,  50"2. 
Heury  Clay  iron  furnace,  Pri.  sandst,  i.  194. 
Hendrickson's  Gap,  Lev.  rocks,  i.  500. 
Hereford  township,  PrL  white  sandst.,  i.  201. 
llertzofl  "s  Gap,  Vesp.  rock,  i.  143. 
Hertzoft' Hollow,  ii.  321,  406 — iron  ores,  ii.  407— Ser. 

series,  i.  147 — Umb.  series,  1.  145. 
Hervey's  Lake,  i.  453. 
Hickory  Creek,  ii.  558. 
Hick's  Quarry,  i.  153. 
Uicksville  Mer.  sandst.,  i.  547. 
Hiefner's  Bank  iron  ores,  i.  269. 
Highlands  in  New  Jersey,  gneissic  rocks,  i.  93. 
Highspire  village,  i.  49. 
Hill's  Boring,  Aline  Hill,  ii.  205. 
Hill  iron-ore  bank,  i.  208. 

Hill  Valley,  Sea.  and  Pre- mer.  limest.,  i.  417 — Surg, 
rocks,  irou  ore,  i.  412. 

Hill  s  Tunnel,  Daniell  Coal,  ii.  205. 
'  Hipparion,  ii.  773. 

Hoffman  Coal,  Bear  Gap,  ii.  192 — mines,  li.  723. 
I  Hogback,  ii.  392,  399, 401 — Ridge,  composition,  struc- 
i      ture,  i.  281,  282. 
'  Hogeland's  Run,  ii.  481,  510,  511. 

llokendaqua  Furnaces,  ii.  726. 

Hole  Creek,  Mat.  newer  slates,  i.  255. 

Hole  Mountain,  i.  26 — Lev. grey  sandst.,  i.  255— Mat. 
slate,  i.  255. 

Hole  Valley,  anticlinal,  i.  290. 

Holiday's  ore-bank,  i.  479. 

Hollenback's  coal,  309. 

HoUenback's  mill,  ii.  398. 

Hollidaysburg,  i.  116,;140— Cad.  shales,  i.  139— forma- 
tions to  its  south-west,  i.  557,  559 — Turnpike  ridges 
of  strata,  i.  566— Ver.  flags,  i.  541. 

Holliday's  Run,  black  slate,  i.  425. 

Hollow  stumps  of  trees,  ii.  847. 

Holly  Furnace,  i.  '204,  267. 

Holman  and  Company's  Slope,  Oak  Hill  Coal,  ii. 
171. 

Holm's  Creek,  altered  rocks,  i.  200. 

Holmes  Coal,  ii.  419. 

Holoptychius,  ii.  522,  525. 

Homalonotus,  ii.  829. 

Homberger's,  exposure  of  coals,  ii.  288. 

Hominy  Kidge,  Pon.  red  sandst.,  i  3t>3. 

Hoof'slnu,  gneiss,  i.  197. 

Uoope's  Sawmill,  serpentine  outcrop,  i.  169. 

Hoover's  Coal,  h.  387. 

Hope  Furnace,  belt  of  limest.,  i.  417 — iron  ore,  i.  413 

— Mer.  sandst  ridge,  i.  421. 
Hope  village,  i.  7. 

Hopewell  Co;U  Company,  ii.  462 — diggings,  iron  ore, 

i.  524 — furnace  ore-pits,  ii.  707 — iron  mines,  i.  85. 
Hopkins  on  the  axes  of  the  Wealdou,  ii.  900. 
Horizons  of  continuity  and  discontinuity,  ii.  777. 
Horiziintal  strata  locally  eroded,  ii.  92S. 
I  lornblendic  gneiss,  i.  72,  168. 
'   Horielstown,  Aur.  limest.,  i.  478. 
Horse  Valley,  i.  331— position,  structure,  composi- 
tion, i.  344. 
Horton's,  ii.  543. 

Hough's  Run,  Pri.  white  sandst,  i.  189. 

Howard  Furnace,  block  ore,  i.  5:!7— Cad.  olive  slates, 

dip,  i.  552 — Gap,  ore,  slate  hills,  i.  545. 
Howey's  coal-opening,  i.  263. 
Hudson  River,  slate  group,  ii.  752. 
Hugh's  Camp  Run,  Verg.  and  Pon.  rocks,  i.  573. 
Uuling's  Sawmill,  Cad.  black  slate,  i.  425. 
Hull's  Coal,  near  Scranton,  ii.  337. 
Hummelstown,  Aur.  limest,  i.  251. 
Hunter's  Mill,  Cad.  and  Verg.  strata,  i.  429. 
Hunter's  Mill,  Surg,  i-ed  shale,  i.  455 — Valley,  ii.  11 — 

Umb.  red  shale,  i.  305 — Vesp.  conglom.,  i.  365. 
Huntingdon,  i.  117 — furnace  sawmill,  Pri.  and  Aur. 

rocks,  i.  501. 

Huntingdon  County,  Mat.  black  slate,  i.  260 — oolitic 

limestone,  i.  238. 
Huntingdon,  pictorial  view  from  Warrior  Ridge,  i.  13 
— the  Verg.  strata  of,  i.  580 — turnpike,  Pri.  strata, 
i.  159— Valley,  i.  50— Verg.  rocks,  i.  140,  141. 
Hurst's  Salt  Well,  ii.  60.5. 
[  Husband's  Mill.  ii.  658. 
j  Hvienodon,  ii.  771. 
!    Hyde  Park,  ii.  355— BlntT,  ii.  342. 
Hydraulic  lime  above  Siegfried's  Bridge,  i.  249. 
Hydrogenous  coals,  ii.  995. 
Hydrographic  areas,  i.  3. 

Hydrography  of  I'ennsylvania, — tabulated  detail?,  i. 

39,  40. 
llymenopliyllites,  ii.  8R3. 

Hypozoic  and  Azoic  rocks,  ii.  744 — gneiss,  along  the 
Brandywine,  i.  64.  158. 

Ice  cave  near  Perryville,  i.  479. 
'  Ickesburg,  fourth  anti.  .axis  in  the  Cad.  rocks,  i.  314 — 
third  anti.  axis  in  Surg,  shales,  i.  314 — Mer.  sandst  , 
j      i.  351 — Pre-nier.  limest,  i.'346, 347 — Surg,  slates  and 
]      marls.  Sea.  limest.,  i.  337. 

Igneous  rocks  and  minerals,  ii.  69S— in  southern  zone 
I      of  gneiss,  i.  09. 

Illinois  and  Indiana  coal-field,  ii.  959. 

Illustrations,  i.  xxv. 

Indian  Creek,  ii.  498, 663— Il.arper'.s  quarry,  i.  255— 

section,  ii.  664, 
Industry,  ii.  582. 
Ingram's  Coal,  ii.  650. 
:  luuian's,  ii.  386— coal,  ii.  396. 
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Instances  of  great  lougitudinal  faults,  ii.  898. 
Instantur,  ii.  551. 
lutroductiou,  i.  i. 

Introduction  of  coal  as  fuel,  ii.  1012. 
Intrusion  of  melted  matter,  ii.  H05,  900. 
Iowa  coal-tield,  ii.  964. 
Irish  coal-tields,  ii.  9S5,  9SG. 

Iron  and  coal  at  M'Ginnis's  Hollow,  ii.  205,  206. 
Iron  and  copperas  mine,  west  of  Trexlerstown  bor- 
ings, details,  i.  265. 
Iron  (fossdiferous)  ore,  i.  413 — outcrop  near  Bedford, 

i.  566 — Little  Cove,  i.  416 — Ciermantown,  i.  339 — 
near  Hartleyton,  i.  459 — of  the  Surg,  ore  shales, 
Montour  Kidge,  i.  447 — Pfout's  Valley,  i.  337 — in 
Racoon  Valley,  i.  337 — Slenderdale  Ridge,  i.375 — in 
Surg,  rocks,  Ferguson's  Valley,  i.  412. 

Iron  loundry  axes,  ii.  362. 

Iron  furnaces,  ii.  666 — at  Astonville,  ii.  516. 

Iron  mines,  ii.  70b,  724 — Cornwall,  ii.  719. 

Iron  ore,  i.  204,  205,  223,  ii.  17,  19,  514,  516,  517, 
618,  519,  527,  537,  6S5,  654,  655,  657,  712,  715,  720, 
725,  726 — three  miles  above  AUentown,  i.  264 — 
analysed,  ii.  721 — argillaceous,  in  the  coal  strata, 

ii.  14 — Aur.  and  Mat.  strata,  ii.  722— Buchanan's 
ore,  nortli  of  Oakland  Hotel,  i.  217  —  bank  one 
mile  north  of  Marble  Hall,  i.  216 — Milliton's,  i. 
216— Otto's,  i.  216— Thomas  Widdart's,  i.  210—  ; 
Woodman's,  i.  216 — of  the  Nittany  Valley,  i.  499 
— south-west  of  Hanover,  i.  222 — five  miles  west  of 
north  from  Bethlehem,  i.  263— (bird's  eye),  i.  171 — 
in  Blacklog  Mountain,  i.  371 — at  Black  Spring  Gap,  [ 
ii.  19j — near  Blain's,  Shade  Gap,  i.  394— south-west 
of  Bloomtield,    i.    360  —  Broad-Top,  ii.  464  —  : 
Broad-Top   region,  i.  529— Buck    Kidge,  i.  339  I 
— in  Buft'alo  Valley,   i.  459 — Cacoosing,   i.  251 —  | 
of  the  Cadent  lower  black  slate,  i.  432 — Cadent 
older  black  slate,  i.  527 — in  Cadent  slate  at  Little 
Cove,  t  262 — in  Cad.  slate  at  Shade  Gap,  i.  394— 
of  Cad.  and  Verg.  series,  ii.  732 — south  of  Canton 
Corners,  tabular  details,  i.  309  —  Carlisle  ii'on- 
works,  L  266,  267 — westward  from  Carlisle,  i.  267 
— east  of  Chatham's  Run,  i.  551 — Chester  Furnace, 

i.  433 — Chestnut  Hill,  near  Columbia,  i.  182,  183 — 
Chestnut  Hill  Mine,  base  of  the  Pri.  slate,  i.  183— 
(chroiiiiferous),  in  serpentine  rocks,  i.  170 — of  Coal- 
measures  analysed,  ii.  73y — of  the  Coal-meiisures  of 
the  Scranton  coal-field,  ii.  308 — coal  strata,  ii.  735 — 
coal.  Thick  Mountain,  ii.  181 — near  Cold  Spring 
Branch,  i.  258  —  west  of  Coatesville,  i.  217  — 
Conecocheaque  Mountain,  i.  33,9 — west  of  the 
Conestoga,  i.  217,  2  IS — at  Danville,  i.  443 — south- 
west of  Yellow  Springs,  i.  89— east  of  Elliotsburg, 

i.  301 — JSm.ius,  i.  264 — Emniettsburg,  ii.  691 — below 
Fitzimmon's  coal,  Zachariah's  Run,  ii.  12S — Forge 
Ridgo,  i.  377 — on  the  slopes  of  Fishing  Creek,  i. 
44S — (f.  ssiliferous),  i.  374 — George  Fisher's,  i.  216 — 
of  the  gneiss,  i.  87,  ii.  714 — of  the  strata  in  Great 
Aughwick  Valley,  i.  431 — Great  Western  Furnace, 

ii.  678 — at  Hacket's  Gap,  i.  293 — Hare  Valley,  i. 
522— between  Hecktown  and  Butzville.  i.  263 — 
Hertzott"'s  Hollow,  ii.  407— Hitner's  Banks,  i.  216 
—Holland's  Bank,  north-west  of  Howellville,  i.  217 
— HoUidaysburg,  i.  566 — Howard  Furnace,  i.  545 — 
near  Howellvdle,  i.  216 — Hughes  and  Jones,  i. 
216 — Ickesburg,  i.  357 — Indian  Creek,  i.  255 — 
north-east  of  Jonestown,  i.  254— Juniata  Furnace, 
i.  358 — Kishacoquillas  Valley,  i.  479' — Kittatinny 
Valley,  i.  263 — Kittatinny,  yield  of,  ii.  727 — at 
Klinger's  Gap,  ii.  190 — Kressler's  Mine,  i.  268 — 
south  of  Kutztown,  i.  266 — Mr  Lail'.s  land,  i.  526  — 
Lehigh  to  the  Schuylkill,  detail-,  i.  263 — west  of  Lew- 
istown,  i.  410 — Lewistowu  Valley,  i.  400— Liberty 
Valley,  i.  336 — and  limest.  west  of  Loudon,  i.  269 — ■ 
Little  Cove,  i.  429— Little  Eagle  Tavern,  i.  ao— 
south-east  of  Littleton,  i.  304  —  Little  Trough 
Creek,  i.  529— near  Mark's  Mill,  ii.  690— of  the 
Mat.  slates,  ii.  728 — the  Mat.  slate  along  the  fault  in 
Path  Valley,  1.  322 — near  MeadviUe,  i.  684 — Mer. 
sandst.,  i.  353 — metamorphic  rocks,  ii.  713 — Millers- 
town,  i.  380 — in  Berk's  County,  i.  181 — south-west 
from  Jlontalto,  i.  258 — in  Montour  Ridge,  details, 
i.  449 — of  Montour's  Ridge,  i.  4.50,  ii.  730 — Mon- 
tour's Ridge,  proportion  of  soft  foss.  ore  in,  i.  450 
— total  quantity  in,  i.  448,  449,  450 — Moreton's  Run, 

i.  361  —  Mount  Braddock,   ii.   625  — ■  Nanticoke, 

ii.  399— Oak  Grove,  i.  362— Furnace,  i.  361— near 
Parnell's  Knob,i.  262 — Pecquca,  i.  217,  218 — Perry 
County,  i.  351— Pfout's  Valley,  i.  336— Pigeon  Hills, 
i.  223 — pit,  Baptist  meetiiig-lioiise,  i.  216 — south  of 
Bethel  Hill,  i.  216— Polecat  Valley,  i.  362— north- 
west of  Prater's  Ridge,  i.  426 — Pre-raeridian  and 
Meridian,  ii.  731 — Pri.  series,  ii.  718 — Pri.  strata,  i. 
181,  201 — north  of  Reading,  i.  266 — mine,  near 
Reading  Turnpike,  i.  251— Red  Fall  Creek,  ii.  513— 
Rehrersburg  Road,  i.  254 — Rice  and  Loy's  Banks, 

i.  361 — stratum  at  Roseville,  Mill  Creek,  Slq.,  i. 
311 — Saint  Thomas,  i.  260 — near  Valley  Forge 
Dam,  i.  217 — Sandy  Ridge,  i.  352 — near  Scranton, 

ii.  357 — connected  with  Sea.  limest.,  i.  526 — east  of 
the  ScbuylUill,  i.216— westoftlieSchuylkill,i.  216— 
near  Shippensburgh,  i.  268 — Sinking  Spring,  i.  251 — 
Spring  Mill, i. 216 — StoneValley.Ji.  516 — nearStouch- 
town,  i.  251 — Stumpstown,  i.  254  —  near  Stuart's 
Mill,  i.  379— near  Sugar  Creek,  i.  58.5 — Sugar  Val- 
ley, i.  491 — Supplee  and  Hampton,  i.  216— of  Surg, 
series,  ii.  720 — Titaniferous,  i.  171 — near  Toms- 
town,  i.  258  —  near  trap-rock,  ii.  6y0  —  Tussey  i 
Mountain,  i.  523 — of  Umbral,  ii.  511,  529 — series,  ii. 
734 — strata,  ii.  471 — in  Uwchlan  township,  i.  90 —  ' 


(Verg.)  west  of  Larry's  Creek,  i.  550— in  Verg.  north 
branch  of  Susquehanna,  i.  309 — Walnut  Bottom 
Road,  i.  267— Walter's  Bank,  i.  433— Warrior 
Ridge,  i.  518— near  'Waynesburg,  i.  258 — Well's 
Creek,  ii.  656— West  Grove  Meeting-house,  i.  227 — 
Wyoming  Basin,  ii.  404. 
Iron,  product  of.  ii.  1021. 

Iron  sandstone  in  Lewistown  'Valley,  i.  397— Montour 

Ridge,  i.  442. 
Ironstone  Creek,  limit  of  gneiss  on  the  south,  i.  98. 
Iron  trade,  ii.  1020. 
Irregular  coal,  ii.  605. 
Island  Mine,  ii.  716. 
Isotelas  gigas,  ii.  819. 
Isothermal  lines,  i.  62. 

Jack's  Creek,  Cad.  older  black  slate,  i.  400— Gap, 
Surg,  shales  and  marls,  i.  398— Mountain,  i.  21, 114, 
364,  403— anticlinal,  i.  115,  116,  397,  521— west  of 
Brown's  Gap,  i.  477 — anti.  a.xis  of  main  spur,  i.  463 
— anti.  axis,  Pon.  red  sandst.,  i.  430 — Pon.  strata, 

i.  427 — debris  of  Mat.  sandstone,  i.  480— Gap,  loss, 
ore,  i.  410 — Surg,  slates,  i.  397 — iron  ore,  i.  412 — 
Juniata,  anti.  axis,  i.  464 — Lev.  wliitesandst. ,  458, 
515 — mono,  crest,  i.  16— ore  sandst. ,  i.  410— pass,  i.  29 
— Pri.rocks  in.  i.  203,  207 — range,  i.  457— structural 
features,  i.  477— Surg,  rocks,  i.  132, 133, 134— Surg, 
iron  ore,  i.  522— Surg.  str. ,  ii.  133,  134. 

Jack's  Nanows,  i.  50 — Surg,  str.,  ii.  132. 

Jackson  Seam,  ii.  413. 

Jackson's,  William,  limest.  quarry,  i.  227. 

Jacksonville,  silicious  str.,  i.  496. 

Jacob's  Creek,  ii.  501,.50'2.  503,604.  615— Old  Furnace, 

ii.  663 — second  sub-basin,  ii.  608 — section,  ii.  607. 
Jacob's  (G.  W.),  ore-bank,  i.  217,  377. 

Jamie's  Ridge,  ii.  305— anticlinal,  ii.  287 — Gap,  mine- 
drifts,  ii.  285,  286. 
Jamieson's  Old  Mine,  ii.  394. 
Jaqnish's,  ii.  407. 

Jeanesville,  ii.  244 — Big  Coal,  ii.  250— Colliery,  ii.  245 
— coal  in  middle  basin,  ii.  249 — South  Slope  Mine, 
ii.  -248. 

Jeddo  Lands,  coals,  ii.  261,  262. 
Jeddo,  structure  of  coal-basin,  ii.  242. 
Jefi'erson  Ore-bank,  ii.  720. 
Jemmy's  Ridge,  ii.  279,  280. 
Jenkin  and  Company's  colliery,  ii.  425. 
Jenkins's  Mill,  ii.  565 — syn.  axis,  i.  350. 
"  Jenny  Jump,"  New  Jersey,  i.  7. 
Jenning's  Run,  Maryland,  Cad., Verg.,  and  Pon.  rocks, 
i.  574,  575. 

Jersey  Shore,'Cad.  and  Verg.  rocks,  i.  550 — Sea.  limest., 

i.  539 — Surg,  olive  shales,  i.  543 — Surg,  ore  shales,  i. 
637. 

Jessup,  ii.  333  —  Lackawanna  Railroad  Company's 

mines,  ii.  335. 
Jock  Vein,  or  Coal  J,  ii.  79. 
Joggings,  remarkable  section,  ii.  945. 
John  Beck's  bank,  pipe  ore,  499. 

John's  Coal,  ii.  109 — Adam's  tunnel,  ii.  205 — colliery. 
Great  'White-ash  Coal,  ii.  87— Great  Coal-bed,  ii.  200 
—New  Slope,  Mill  Creek,  ii.  132. 

Johnson's  Creek,  ii.  522 — Gap,  Lev.  grey  sandst.,  i.  487 
— salt-works,  ii.  59S. 

Johnsonsburg,  ii.  552. 

Johnstown  Basin,  ii.  496,  497. 

Johnstown,  section  at,  ii.  653. 

Jones  and  Coles'  colliery,  mining  operations,  details, 

ii.  103 — and  Mason's  slope  colliery,  ii.  146 — Mine,  ii. 
687 — Jline,  Morgantown,  i.  178 — Mine,  sketch  of, 

i.  100— and  .Spencer's  slope.  Peach  Mountain  Coal, 

ii.  17'2 — Mine,  nearYellowSprings,  i.  89 — and  Beaver 
iron-ore  mines,  ne-ir  Centreville,  i.  217 — T.  R.  on 
beyrichia  and  leperditia,  ii.  834  —  tunnel,  Black 
Valley  Coal,  ii.  217. 

Jordan  Creek,  iron  ores,  i.  264— knob,  i.  202,  334,  336, 
344. 

Jugular  Coal,  ii.  202— bed,  ii.  232— McGinnis's  col- 
liery, &c.,  ii.  217— McGinnis's  Hollow,  ii.  20.i,  206 
— Mei-ke's  western  tunnel,  ii.  2ii8 — -Mine  Hill  Vtil- 
ley,  ii.  205 — Sando's  colliery,  ii.  207 — colliery,  ii.  444 
— vein,  details,  ii.  274. 

Juliana  Furnace,  Surg,  rocks,  i.  552. 

Juniata,  above  Bell's  forge,  i.  554 — County,  Surg, 
rocks,  i.  373 — anti.  of  valley  of  Juniata  County,  i. 
373 — furnace,  8tli  anti.,  i.  315 — anti.  axes  in  Prem. 
limest.,  i.  348 — Mer.  sandst.,  i.  352 — Gap,  Lev.  grey 
sandst.,  i.  127 — series,  i.  1"27,  129,  130 — sandstones, 
i.  500— red  sandst.,  i.  129— while  sandst.,  i.  130— 
Great  Bend,  i.  115 — Mer.  sandst.,  i.  52'2 — River 
basin,  i.  42 — Frankstown  br.incli,  i.  50,  5.59 — Sea. 
and  Prem.  limest.,  i.  348 — scenery,  i.  31,  32 — Surg, 
and  Sea.  rocks,  i.  116 — township,  Pon.  red  sandst., 

i.  36.3— Valley,  i.  50. 

Jura  chain  of  Switzerland,  ii.  901. 
Jurassic  coal-formation,  ii.  763 — age  of  Mesozoic,  ii. 
696. 

Kansas,  supposed  Permian,  ii.  759. 
Kantnor  Coal,  ii.  43,  158,  159,  172 — Peach  Mountain 
Basin,  ii.  43 — Coal,  Primrose  Hill,  ii.  153,  154,  155. 
Karthaus,  i.  120,  ii.  483,  535. 

Kear's  Mammoth  Colliery,  ii.  443  — slope.  Oak  Hill, 

ii.  172— vein,  ii.  427. 
Kellysburg.  ii.  589. 

Kelly's  Hollow,  Big  Co.il,  ii.  203,  442. 
Keunedy's  Valley,  i.  335,  343,  344— Surg,  rocks,  i. 
344. 

Ken  net  Square  Basin,  Pri.  and  Aur.  rocks,  i.  229— 

gneiss  rocks,  i.  81 — limest.  basin,  i.  81,  226. 
Kensington  Furnace,  ii.  575. 


Kentucky  Upper  and  Lower  Coal-measures,  iL  962 — 
western  coal-field,  ii.  961 — iron  ores,  ii.  962. 

Kenzua,  ii.  488,  556 — Creek,  ii.  489,  541,553,  554,  555. 

Kerr  and  Albright,  ii.  723. 

Kesler's  mineral  spring,  gneiss  rocks,  i.  197. 

"  Kettle,"  the,  i.  21— Creek,  i.  49,  ii.  482,  483,  520— 
Mountain,  i.  118,  303 — mono,  crest,  i.  14. 

Keyser's  Creek,  ii.  343,  344 — south-dipping  strata,  ii. 
350. 

Kier's  colliery,  ii.  431. 

Kimberton  Aur.  limest.,  i.  231. 

Kimbei-'s  Run,  ii.  463. 

Kimmel's  tavern,  coal-rocks,  ii.  165. 

Kindling  coal,  ii.  316. 

King,  Dr,  discoverer  of  footprints,  ii.  833. 

King's  tavern,  Aur.  limest.,  i.  223. 

Kinsel's,  ii.  687. 

Kinter's  Mill,  ii.  587. 

Kishacoquillas  Creek,  i.  406— anti.  and  syn.,i.  407,408 — 
Prem.  limest.  hills,  i.  402 — sources  of  Middle  Branch, 
i.  476 — Gap,  Lev.  grev  sandstone,  i.  127 — Lev.  series, 
i.  127,  129,  130. 

Kishacoquillas  Valley,  i.  9,  116— anti.,  i.  462,  478 — 
Aur.  Mag.  limest.,  i.  124 — dip  of  str.,  i.  486— Levant 
red  sandst.,  i.  473 — Mat.  series,  i.  125 — Pictorial 
sketch,  i.  10,  13— topographical  description,  i.  475. 

Kiskiminetas,  i.  120,  ii.  484,  598 — section  of,  ii.  699. 

Kitchen  Creek,  ii.  50 — Gap,  ii.  50,  54. 

Kittanning,  ii.  486,  488— coal-bed,  ii.  491,  496,  570, 
582,  692— section,  ii.  693— Mountain,  Lev.  rocks, 
v.ariations  of  type  in  the  line  of  outcrop,  i.  276,  277. 

Kittatinny,  Mahoning,  and  Sharp  mountains,  pic- 
torial sketch,  i.  9. 

Kittatinny  Mountain,  i.  14,  47,  113,  114,  333— dislo- 
cated at  Delaware  Water-gap,  ii.  884 — evidences  of 
erosion,  i.  249 — Gaps,  i.  28 — Mat.  newer  slate,  i. 
240— Mer.  rocks,  i.  137— length,  i.  8— Pre-mer. 
limest.,  i.  136— roofing-slate,  i.  247 — Sea.  rocks, 
i.  135 — spur,  i.  334 — Surg,  iron  sandst.,  i.  329 — 
Susquehanna,  Lev.  rocks,  i.  328 — syn.  and  anti. 
knobs,  i.  270,  271— Cad.  str.,  i.  356. 

Kittatinny  Ridge,  i.  246. 

Kittatinny  Valley, i.  114, 115. 118— Aur. limest.,  i.  251 
— Aur.  rocks,  i.  117 — Aur.  and  Mat.  rocks,  i.  112 — • 
boundaries,  i.  237 — Cad.  rocks,  i.  138,  139 — cleav- 
age, i.  237 — dimensions,  i.  237 — geological  composi- 
tion, i.  237 — constitution,  i.  112 — structure,  i.  240 
— Mat.  shales,  i.  125— Mat.  slate,  i.  253, 254— north- 
eastern division,  i.  241 — ores,  ii.  723,  725 — organic 
remains,  i.  237 — scenery,  i.  7,  49 — structural  feat- 
ures, i.  237 — topography,  i.  237 — type  of  the  forma- 
tions, i.  238. 

Kilzmillcr,  Stees,  and  Co. 's  colliery,  ii.  440. 

Kleckner's  Gap,  Aur.  limest.,  i.  492 — dip  of  sandst., 
i.  487. 

KlinesviUe  red  slate,  i.  249. 

Klinger's  Gap,  ii.  182— anti.  Q,  ii.  1G4 — coal  str., 

mode  of  mining,  ii.  189 — Ser.  series,  i.  147. 
Klo]>perdale,  i.  374. 

Knabb's  mill,  boundary  of  slate  and  gneiss,  i.  199 — 
Kiiauertown,  Aur.  limest.  i.  232 — iron  mines,  ii. 
709 — iron  and  copper  veins,  ii.  706. 

Knickerbocker  Vein,  West  Branch,  ii,  170. 

Knight's  quarry,  i.  153. 

Knob  Mountain,  Pon.  rocks,  sandst.,  i.  452. 

Knoop  and  Stiver's  bed,  ii.  401. 

Knowle's  Gap,  i.  288. 

Knoxville,  ii.  525 — Verg.,  Pon.,  and  Vesp.  rocks,  i. 

311,  312 — Verg.  rocks  and  limestone,  i.  312. 
Koker's  bod,  ii.  401. 
Kreb's  Knob  section,  ii.  643. 
Kreemer'sCoal,  ii.  403. 
Kreidersville,  outcrop  of  Aur.  limest.,  i.  246. 
Krupp's  Coal,  ii.  401. 
ICugler  Vein,  ii.  196. 
Kunkle  Tr.Tct,  coal-beds,  ii.  256. 

Kurtz's  Valley,  i.  384— anti.  axis,  i.  373,  378— Cad. 
and  Verg.  rocks,  i.  392 — Pre-mer.  chert,  i.  388 — 
ridge,  i.  393. 

Lackawanna  Coal-basin,  i.  294 — form  and  interior 
features,  ii.  318— coal-field,  i.  15,  ii.  3— Iron  and 
Coal  Company's  lands,  ii.  357 — at  Pittston,  i.  48 — 
Pon.  and  Vesp.  str.,  i.  306 — and  Susquehanna 
Coal-basin,  ii.6 — Valley  scenery,  i.  31 — trough-like 
structure,  ii.  327. 

Lackawaxen,  Pon.  rocks,  i.  299 — structure  of  the 
region,  i.  303. 

Lacustrine  tracts,  i.  38 — water-shed,  i.  40. 

Lafayette,  ii.  490,  55.5. 

Lake  basins,  i.  41 — drainage,  i.  40. 

Lake  Erie,  i.  32, 37— region.  Cad.  and  Verg.  str.,  i.  578 
— slope,  i.  42,  677 — streams  of  north-westeru  slope, 
i.  52. 

Lakes  of  Central  New  York,!.  .38 — north,  north-east, 
and  north-west  of  Central  Pennsylvania,  i.  38 — in 
Erie  and  Crawford  counties,  i. :  9 — in  the  Fifth  Dis- 
trict i.  39 — in  Pennsylvania,  distribution,  i.  37 — 
and  ponds,  general  law.  i.  38. 

Lamar  Bank,  pipe  ore,  i.  490. 

Lambert's  mill,  ii.  656. 

Lambertsville  temperature,  i.  66. 

Laniborn's  BnnI;,  iron  ore,  i.  600. 

Lanina,  ii.  769. 

Lanarkshire  coal-field,  ii.  983. 

Lancashire  and  Y'orkshire  coal-field,  ii.  980. 

Lancaster  Coal  Company,  ii.  455 — city,  i.  22'2 — county, 
Pri.  rocks,  i.  60 — limest.  and  red  shale,  ii.  2 — Main 
Serpentine  Belt,  i.  171 — temperature,  i.  56 — and 
Y'ork  counties,  liincst.  valley  of,  i.  111. 
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Lance's  Grand  Tunnel  Mine,  ii.  410. 

I.andlsburg,  Lev.  sanilst.,  i.  ;!:i4— Jler.  sandst.,  i.  353 — 
mono,  belt  of  limest.,  i.  350 — raountain-Unobs,  i.  314 
— Sea.  aud  Pre-mer.  limest.,  i.  349 — to  Sherman's 
Creek,  syn.,  i.  350 — Surg,  roclfs,  i.  342. 

l.andmesser's  coal  and  tunnel,  ii.  395. 

Lane's  tunnel,  ii.  393. 

Larkin's  estate,  outcrops  of  coal,  ii.  '263. 

Larry's  Creek,  ii.  ."ilo,  511^ — bog  ore,  i.  280 — iron  ore, 
i.  541 — ore-bearing  stratum,  i.  454 — Cad.  and  Veig. 
rocks,  i.  550. 

Larry's  Hill,  i.  286. 

l,a  Salle  coal-field,  ii.  9C4. 

Latscliaw  Mine,  details,  i.  SO. 

Lauglilintown,  ii.  t!0"2. 

Laurel  Hill,  i.  3,  32,  33,  1'20,  143,  ii.  471,  492,  403,  494 
— and  Ciiesnut  Ridge,  ii.  498 — Creek  section,  ii.  G67 
— colliery,  ii.  256' — coal  strata,  ii.  257— Umb.  series, 

i.  146. 

Laurel  Run,  i.  330,  514,  ii.  323.  370,  376— anti.,  ii. 

334 — Sea.  and  Pre-mer.  limest.,  i.  386. 
Laurisli's  Mine,  ii.  724. 
Lawrencebnrg,  ii.  574. 
Lawrence  Grove  colliery,  ii.  419. 
Laureiiceville,  Verg.  .shales,  i.  311. 
Lawrentian  clay,  ii.  775 — lakes,  i.  52 — metamorphic 

belt,  ii.  747. 
Laws  of  structure.  &c.,  ii.  238. 
Lawton  Coal,  ii.  139 — Oliver's  colliery,  ii.  127. 
Lawton's  mines,  Jugular  Coal,  ii.  217— old  colliery, 

&c.,  ii.  232— Gap  tunnel,  ii.  202. 
Lead,  Galena,  in  Buffalo  Valley,  i.  460. 
Lear  Bed,  ii.  458. 

Lee's  Coal,  ii.  378 — Creek,  ii.  ,392 — Mine,  Nanticoke, 

ii.  399. 
Leecliburg,  ii.  597. 
Lesgett's  Gap,  ii.  324. 

Lehigh,  i.  118, 119,  ii.  3— Aur.  limest.,  i.  232— Creek, 
Aur.  limest. ,  i.  101 — basins,  ii.  21 — coal-basins,  ii. 
12 — Company,  ii.  75 — modes  for  conveying  coals  to 
market,  ii.  71 — Hills,  gneissic  rocks,  details,  i.  96 — 
Pri.  rocks,  northern  flank,  i.  98 — Pri.  sandst.  and 
gneiss,  i.  196 — subdivisions  of  gneiss,  i.  97 — and  Little 
Schuylkill  Coal  Company,  ii.  47 — district,  ii.  26 — 
Mer.  rocks,  i.  278 — metamorphic  rocks,  Gneiss  Hills, 

i.  8,  97 — mountains,  cleavage  fissures,  i.  244,  245 — 
oolitic  limest. ,  i.  238 — Post- mer.  rocks,  i.  279 — Pon. 
rocks,  i.  300 — river,  Pou.,  Verg.,  and  Cad.  rocks,  i. 
289 — Pon.  str.,i.  141 — slate  quarries,  i.  249 — Summit 
coal-mine,  ii.  26 — Taraaqua,  ii.  221 — table-land, 
Pon.  rocks,  i.  299 — Summit  mines,  i.  25 — Verg. 
rocks,  i.  140,  141 — Vesp.  conglomerate,  i.  301 — 
Water-gap,  i.  7,  '29,  489— dip,  i.  288— Mat.  slate,  i. 
273 — Lev.  grey  sandst.,  i.  127 — white  sandst.,  i.  130 
—Surg,  rocks,  i.  132,  ii.  133,  134. 

Lehighton  anti.,  i.  2-i9— Cad.  shales,  i.  285,  2S6. 

Leidy's  researches,  ii.  695. 

Leightner's  land,  Surg,  red  shale,  i.  514. 

Leighton  iron  ore-mine,  ii.  707. 

Lelar  Coal  in  Sando's  colliery,  ii.  207. 

Lemon's  Coal,  ii.  619. 

Lemon  Hill,  gneissic  rocks,  dip,  i.  79 — and  Miller's 

mines,  ii.  652. 
Leperditiaalta,  ii.  824 — arctica,  ii.  824 — Pennsylvanica, 

ii.  823— Bathica,  ii.  824— by  T.  R.  Jones,  ii.  834. 
Lepidodendron,  ii.  8'29,  873, 874,  875— priraffivis,  ii.  828. 
Lepiriophyllum,  ii.  875,  876. 

Lepidostrobus,  ii.  876. 

Lept.'ena  alternata,  ii.  818 — depressa,  ii.  823 — incras- 

sata,  ii.  817 — patenta,  ii.  8'23 — seracea,  ii.  818. 
Leptarchus  primus,  ii.  773. 
Leptauchenia,  ii.  771. 
Leptochserus,  ii.  771. 
Lerdoms  quarry,  i.  153. 

Lesqnereux,  catalogue  of  fossil  plants,  ii.  87S — deduc- 
tions cited,  ii.  83.5,  836. 

Lesquereux's  description  of  fossil-plants,  ii.  847 — re- 
marks on  distribution  of  coal-plants,  ii.  837,  80S, 
839,  840. 

Lender  Creek,  ii.  390. 

Levant  grey  sandst.,  i.  105 — Delaware  Water-gap,  i. 
126 — Jack's  Mountain,  thickness,  i.  472. 

Levant  period,  ii.  749 — physical  geography  of,  ii.  788. 

Iievant  red  sandst.,  character  and  thickness,  i,  105— 
.lack's  Mountain,  i.  473 — Kishacoquillas  Gap,  i.  129 
— Nittany  Valley,  i.  49S. 

Levant  rocks,  i.  113— Blue  Ridge,  i.  369— from  Dela- 
ware Water-gap  to  Broadhead's  Creek,  i.  271— 
Kittatinny  Mountain,  i.  271— Franklin  County,  i. 
262— north  of  Lehigh  Water-gap,  i.  273— Maryland 
line,  i.  507 — Milesburg,  i.  547— head  of  Scotch 
Valley,  i.  555— Shade  Mountain,  i.  368— Tyrone 
Gap,  i.  553. 

Levant  saridst,  i.  116,  335— Bean's  Cove.  i.  509— 
around  Blacklog  Valley,  i.  370— south-east  of  Black- 
log  Valley,  i.  371— Buffalo  Valley,  i.  483— Dunning's 
Mountain,  i.  557 — in  Kishacoquillas  Valley,  i.  478— 
Susquehanna  Gap,  i.  276— Tussey's  Mountain,  west 
of  Pine  Ridge,  i.  514. 

Levant  series,  ii.  753— strata,  thickness  of,  i.  120,  131 
— white  sandst.  fossils,  i.  105 — Delaware  Water-gap, 
i.  130,  283— Tus.sey's  Mountain,  &c.,  i.  515— near 
Jersey  Shore,  i.  543 — Lehigh  and  Delaware  region, 
i.  473 — syn.  mountain,  i.  482. 

Levy  and  Patlon's  Mine,  ii.  408. 

Lewis  Coal,  ii.  129,  130,  145— local,  ii.  Ill,  112 — east 
sideof  Mill  Creek,  ii.  219— colliery,  ii.  135 — Singley's 
Farm,  ii.1.37 — slope,  Branchdale  Colliery,  ii.  176. 

Lewis  Colliery,  ii.  428— and  Gate  coals,  ii.  140— and 


Howell's  Colliery,  ii.  353 — and  Howell's  Slope,  ii. 
344 — ore-bank,  i.  90 — ore-bank  near  Yellow  Sjiriiigs, 
details,  i.  87 — red-ash  colliery,  ii.  423 — seam,  11.  423, 
426 — and  Spohn  coals,  anti.,  ii.  40. 
Lewistown,  Cad.  lower  black  slate,  i.  138 — Mer.sandst., 

i.  137,  420,  422— Prem.  limest,  i.  136 — .Sea.  grey 
marl,  i.  398 — Sea.  limest..  i.  398 — Sea.  rocks,  i.  135 
— Surg,  rocks,  i.  1.14 — Surg,  and  Sea.  rocks,  i.  413 — 
Mer.  sandst.,  i.  137 — .^yn.  belt  of  Mer.  sandst.,  i.  417 
— Valley,  i.  11 — Valley,  anti.  axis,i.  3U6 — anti.  and 
syn.  axes,  i.  408 — boundaries,  anti.  axes,  i.  396 — 
topogi-aphical  features  of  strata,  i.  17,  401. 

Lewistown  to  Maryland,  i.  411— to  Waynesburg,  syn. 

axes,  i.  420. 
Lewis's  Tunnel,  ii.  158. 

Liberty  Valley,  i.  114,  330— syn.  belts,  i.  338— Lev. 

sandst.,  i.  314. 
Liclitenwalder's  ore-pit,  ii.  725. 

Lick  Mountain,  coal  strata,  ii.  193 — Run,  ii,  470,  481 , 
5'28 — anticlinals,  ii.  35 — co.al,  ii.  118, 121 — coHieries, 

ii.  83 — Peach  Mountain  Basin,  ii.  93 — Peach  Moun- 
tain Coal,  ii.  114 — Palmer  Coal,  ii.  218— Valley,  ii. 
120. 

Licking  Creek,  i.  384 — Valley,!.  377 — syn.  trough, 

Surg,  rocks,  i.  376. 
Lignite  basin,  ii.  771. 

Ligonier,  ii.  662— Valley,  i.  120,  ii.  483,  497. 

Lime  Creek  collieries,  ii.  85. 

Limekilns,  Cox  Reuben,  i.  163. 

Lime  liidge,  near  Bedford,  i.  562. 

Limestones,  i,  61,  ii.  3i;0,  506,  548,  565,  648— basin 
of  Montgomery  and  Chester,  i.  159 — bed,  ii.  505 — 
beds  near  Lewisburg,  i.  459 — boulders,  valley  of 
North  Branch,  i.  310 — Brownsville,  f;46 — Great,  ii. 
649--north  of  Chester  Valley,  i.  232--iiear  Newcastle, 
ii.  576— pebbles,  i.  252,  '253- Pittsburg,  ii.  634. 
6::.5 — quarries,  i.  98,  99 — north-west  of  Bernville,  i. 
252— Delaware  canal,  i.  241— dip,  i.  228,  229— Doe 
Run  village,  i.  231 — east  from  Emaus,  i.  235 — from 
Embreville  to  Doe  Run  village,  i.  2.30 — .south  of  the 
Great  Valley,  i.  225 — opposite  Harman's,  i.  451 — 
east  of  Hellertown,  i.  235 — south  of  llellertown,  i. 
235 — Iloopes,  i.  226— at  Irish  Creek,  i.  252 — near 
Joel  Bailey's,  i,  228— above  Jonestown,  i.  255 — 
south  of  Kutztown,  i.  266 — near  Sacoming  Creek, 
i.  250— west  of  Lehigh  Gap,  i.  288 — south  of  middle 
secondary  red  sandst.,  details,  i.  2'24 — north-east  of 
Mifiiinshurg,  i.  457 — near  Monroe,  i.  234 — north  of 
Muncy  Hills,  i.  542— Nickle's,  i.  226— Northkill,  i. 
252 — south-east  of  Orwigsburg,  i.  291 — near  Peters- 
burg, i.  223 — near  Peniisborough,  i.  542 — above 
Reading,  i.  252 — west  of  Springtown,  i.  235 — south 
br.anch  of  the  Saucon,  i.  235 — north  branch  of  the 
Susquehanna,  in  Verg.  strata,  i.  309 — above  Swa- 
tara  Bridge,  i.  255 — Uhlersville,  i.  233 — Upper 
Saucon  church,  i.  235 — Wolf's  Rocks,  i.  291— Upper 
Saucon  township,  i.  235 

Limestone  Rid,L;e.  (  ';  ,1  and  Verg.  roclts,  i.  358— south- 
west of  the  Jnni:ii:;,  ( '  id.  and  Verg.  rocks,  i.  393 — 
Mer.  sandst.  ami  viu  vl.  i.  389— Sea.  limest.,  i.  438 
— south  of  Dry  Valley,  i.  409 — Sea.  and  Prem. 
limest.,  i.  386. 

Limestone  Run,  ii.  542,  543. 

Limestone  Sewickley  Creek,  ii.  638 — troughs  and 
local  basins,  i.  217— Umb.,  ii.  472 — Conemaugh,  ii. 
473. 

Limestone  in  Vespertine  sandstones,  ii.  538. 
Limits  of  Appalachian  coal-field,  ii.  955 — strata,  ii. 
795. 

Limits  of  Illinois  coal-basin,  ii.  960 — of  Western  Ken- 

tuckv  coal-field,  ii.  961. 
Liiidley  and  Button,  ii.  803— Prof.,  ii.  842. 
Lindner's  Gap.  Coal-mea-sures,  ii.  "268. 
Line  Mountain,  i.  21 — mono,  crest,  i.  15, 
Ijine  of  outcrop,  Carbondale,  ii.  3.3.3. 
Liugula,  ii.  833 — cuneata,  ii.  822 — eurta,  ii.  818 — 

oblonga,  ii.  828 — prima,  ii.  815— quadrata,  ii.  820. 
Linn's  Slill,  i.  331,  347. 
Lion  Co.al  ii.  140. 

Lisburn,  ii.  682 — red  shale  at  Bryson's.  i.  258. 
Litiz,  dip  of  limestone,  i.  222. 
Little  -Vlleghany  Mountains,  i.  575 — River,  i.  556. 
Little  Aughwick  Creek,  i.  423  — Valley,  Cad.  and 

Verg.  rocks,  i.  393. 
Little  Bear  Creek,  anti.  valley,  ii.  5 — anti.,  ii.  6. 
Little  Beaver  Creek,  limestone,  i.  219. 
Little  Black  Creek  Basin,  Coal-measures,  ii.  262— 

details  of  coals,  ii.  24.'). 
Little  Bufl'alo  Creek,  i.  348. 
Little  Conolowav  Creek,  Surg,  sfrat.a,  i.  414. 
Little  Cove,  Cml.  and  Verg.  rocks,  i.  429  — Mer. 

sandst.,  i.  421  — .Muuntiiin,  i.  2H2,  420— Mer.  sandst. 

in  syn.  belt,  i.  424 — Lev.,  Surg.,  and  Mat.  strata, 

i.  327 — Sea.  and  Prem.  limestone,  i.  419 — Surg,  and 
Sea.  rocks,  i.  415 — syn.  Cad.  black  slate,  i.  429 — 
syn.  trough,  i.  ;;27 — Valley,  form  of  strat;i,  i.  262. 

Little  Diiiini.nd  ('iial,ii.  38,  142,153,  1.54 — slope,  ii. 

172— West  BraiK-h.  &c.,  ii.  218— Wolf  Creek,  ii.  173. 
Little  Ell,  Creek,  serpentine,  i.  169,  170. 
Little  Gap,  flexures,  i.  288. 

Little  Cirev-ash  Vein,  Swatara  Creek,  ii.  156— coal. 

Fisher's  Basin,  ii.  178. 
Little  Juniata  (lap.  fault,  i.  514. 
Little  Lick  axis,  ii.  173 — anti.  ii.  177 — Mountain,  ii. 

439 — anti.  axis,  ii,  46,  164 — west  of  Tremont,  coals, 

method  of  mining,  ii.  182,  183. 
Little  Jline  Ridge,  co.al-beds,  ii.  285. 
Little  Mine  Run,  ii.  272— to  Big  Run,  ii.  273— coals, 

ii.  276. 


Little  Mountain,  ii.  390,  399— contortions,  ii.  403— 
red  shales  and  sandstones,  i.  292. 

Little  Norwegian  Spohn  Vein,  ii.  40. 

Little  Peach  Mountain  Coal-seam,  ii.  95. 

Little  Peach  Orchard  Coal,  West  Branch,  ii.  217. 

Little  Perpendicular  Coal-bed,  ii.  128. 

Little  Quaker  Run,  ii.  286. 

Little  Sandrock  Coal,  ii.  139. 

Little  Saucon,  crystalline  rocks,  i.  97. 

Little  Schuylkill  Coal,  ii.  227— Coal-measures,  thick- 
ness of,  ii.  82,  83— Company's  estate,  ii.  77 — flexures 
of  coal-field,  ii.  96  —  through  Fort  Clinton,  anti. 
flexures,  i.  290— River  to  the  Swatara,  Verg.  and 
Pon.  rocks,  i.  289 — Sea.  limest.,  i.  291 — Surg,  rocks, 
;  i.  290— to  Swatara,  Pon.,  Vesp.,  Umb.,  and  Ser. 
rocks,  i.  292— at  Tamaqua,  Coal-measures,  ii.  69 — 
Umb.  red  shales,  ii.  6 — Valley,  minmg  details,  ii.  66, 

Little  Scrub  Ridge,  i.  387— Cad.  and  Vtrg.  rocks,  i. 
393,  428 — Cad.  and  Verg.  strata,  i.  429 — composition, 
i.  326,  415— Lev.  sandsts.,  i.  324,  325— Mer.  sandst., 
i.  424— .Sea.  and  Prem.  limests.,  i.  419. 

Litile  Sugar  Creek,  Cad.  sandst.,  i.  584— Loaf  Moun- 
tain, ii.  242. 

Little  Swatara,  trap  rock,  i.  255. 

Little  Toby  Creek,  ii.  4Si),  541— section,  ii.  543. 
I  Little  Tomhicken  Vallev,  ii.  241. 

Little  Tracey  Coal,  u."  95,  121,  142,  143,  146— near 
Middleport,  ii.  219— West- West  Branch,  ii.  174— 
drift,  ii.  136. 

Little  'Trough  Creek,  iron  ore,  i.  529. 
I   Little  Valley,  i.  485 — anti.  axis,  i.  406 — iron  ore,  i. 
73 — Mat.  slates,  i.  486 — Umb.  limest.,  i.  530. 

Livermore,  ii.  600. 

Liverpool,  Pon.  red  sandst.,  i.  363. 

Llewellyn  coals,  ii.  175— middle  axis,  ii.  162— north 
anti.  axis,  ii.  45,  161. 

Loaded  Track,  coals,  ii.  360. 

Local  erosion,  ii.  927 — of  anti.  ridges,  ii.  933,  936— of 
mono,  strata,  ii.  929 — ends  of  syn.  valleys,  ii.  937 — 
of  syn.  belts,  ii.  936— syn.  gaps,"ii.  938,  939. 

Lock  Haven,  scenery,  i.  50 — Cad.  and  'Verg.  rocks,  i. 
540 — Mer.  slates,  i.  539. 

"  Locking  of  the  Mountains,"  i.  114,  314,  3.')2— Lev. 
white  sandst.,  i.  338. 

Lock  Mountain,  i.  15, 19 — anti.,  i.  55-1 — Cove,  i.  50 — 
vertical  position  of  strata,  i.  505. 

Lockport  Hotel,  Cad.  rocks,  i.  551 — hills  of  Cad.  rocks, 
i.  551— Pennsylvania  Railroad,  ii.  661 — Pri.  strata, 

i.  186. 

Locust  Gap,  coal-seam,  ii.  286— egg-conglomerate,  ii 
277 — Knob,  ii.  277 — Mountain,  ii.  23,  48,  54,  65— 
anti.  axis,  i.  276 — axis.  Coal-measures,  ii.  273 — 
basin,  ii.  29,  30— coal  A,  ii.  62— coal  B,  ii.  78— 
coal-basin,  ii.  56 — view  of,  i.  25 — dip  of  strata,  ii. 
49,  308 — mono.,  ii.  26— coal  B,  li.  101 — syn.  trough, 

ii.  53— Ridge,  dip  of  coal  strata,  ii.  26 — syn.  belt, 
lower  red-ash  coals,  ii.  77 — Run,  flexures  and  couls, 
ii.  276— Valley,  i.  118,  286— red  shale,  225. 

Logan,  Eli's  limestone  quarries,  i.  229 — Sir  Williaoi,  ii. 
802— Sir  Wilham  cited,  ii.  943. 

Lomason  Coal,  Fisher's  Basin,  ii.  178. 

London  Grove  Post-office,  Pri.  rocks,  i.  229 — town- 
ship, Aur.  limest.,  i.  229. 

Long  Creek  Gap,  Shade  Mountain,  i.  36S. 

Long  Hollow,  belt  of  limest ,  i.  417— Mer.  sandst.,  i. 
420— Ridge,  i.  417,  426— Mer.  sandst.,  i.  421— Surg, 
marls,  i.  412. 

Longitudinal  ravines,  ii.  932. 

Long  Narrows,  i.  50,  369 — Juniatj).  i.  51 — ravines,  i. 

368 — sketch,  i.  32 — Surg,  slate,  i.  376. 
Long  Poud,anti.,  i.  280. 
Long  Reach,  Ohio  River,  ii.  16. 

Long  Hun,  ii.  525— Uidge,  anti.  axis,  i.  291,292— 

anti.  flexure,  i.  289. 
Long's  Mill,  ii.  614. 

Longstown  Ridge,  i.  396,  403 — limest.  quarries,  i.  4i.o 
— Surg,  red  shale,  i.  458. 

Loop,  Alat.  slate,  i.  494 — Mountain,  Lev.  sandsts.,  i. 
482— Valley,  i.  482. 

Lorberry  Creek.  Roi.k  Vein,  ii.  166,  440— faulty  condi- 
tion of  coal  strata,  ii.  185 — fractures  in  coal  strata, 
ii.  236. 

Lorberry  Gap,  ser.  series,  i.  146. 

Lost  Creek  Ridge,  anti.  axis,  i.  370,  384 — Prem.  chert, 

i.  388 — structure,  i.  376. 
Lost  Creek  Valley,  i,  378,  384— Surg,  strati,  i.  376. 
Loudon,  anti.  axis,  Aur.  limests.,  i.  315 — limest.  and 

iron  ore,  i.  269 — and  Merceisburg,  anti.  axis,  i.  327. 
Love's  Gap,  i.  489. 

Lower  carb.  strata,  ii.  756 — Coal-measures,  Lawrence 
County,  ii.  501,  575,  609 — conglomerate,  ii.  680 — 
Diamond  Coal,  ii.  131 — Great  Conglomerate,  ii. 
152. 

Lower  Helderberg  limest..  ii.  754. 
Lower  Rocks,  south  of  Youghioglieny,  ii.  612. 
Lower  Oxford  township,  serpentine,  i.  170. 
Lower  Pri.  rocks,  unconformity  to  upper  gneissic 
group,  i.  74. 

Lower  Saucon  Church,  outcrops  of  limest.,  i.  "234. 
Lowest  workable  seam,  ii.  461. 

Lowrey's  Knob,  i.  419 — near  Hunter's  .Mill,  i.  324,  326 

— Mat.  slate,  i.  479 — Surg,  ore,  i.  415. 
Lowrie's  Well,  Sirattonville,  ii.  570. 
Loy  and  Patterson's  Jline,  ii.  460. 
Loyallianna,  ii.  498,  5o2,  504,  603— River,  i.  33,  ii. 

617 — section,  ii.  601 — Umb.  limest.,  ii.  473. 
Loyalsock,  ii.  508,  509— Creek,  ii.  4S1,  510— Cad.  and 
j      Verg.  and  Pon.  rocks,  i.  549 — Pon.  strata,  i.  142 — 
I      District,  conglomerate,  ii.  24— Gap,  dip  of  white 
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sandst.,  i.  4S8— Surg,  and  Sea.  rocl;s,  i.  542— Val-  ] 
ley,  anti.  axis,  i.  3US— Vesp.  conglomerate,  i.  3U2. 

Loystown,  anti.  and  syn.  axes,  i.  3-iy— axis  iu  Surg, 
shales,  i.  31C— Surg,  marls,  i.  340. 

Lucerne  Coal  Co. 's  Big  Seam,  ii.  335. 

Lucinda  Furnace,  ii.  508,  569. 

LuUe  Fidler  Colliery,  ii.  2!J5— coal-seam,  ii.  296. 

Lutliersburg,  ii.  540,  545. 

Luther  Tunnel,  Big  Coal.  ii.  104. 

Luther's  Slope  Mine,  ii.  410. 

Lyberger's  Run,  i.  574. 

Lyell,  Sir  Charles,  mentions  reptilian  footprints,  ii. 
833. 

Lyell's  Elements  of  Geology  cited,  ii.  805,  808. 
Lycoming  County,  mono,  valley,  i.  19— Creek,  i.  308, 

ii.  482 — anti.  axis,  i.  307 — Cad.  and  Verg.  and  Pon. 

rocks,  i.  549 — iron  ore,  i.  541— limest.  quarries,  i.  309. 
Lykens  Valley  Coal  Company's  mines,  ii.  440. 
Lyon  Coal,  ii.  109,  ilii. 
Macaulay's  Mountain,  coal-basin,  ii.  243. 
McAUisterstown,  i.  383,  385— Cad.  slates,  i.  392— Surg. 

rocks,  i.  375. 
Macleuria  ma^na,  ii.  817. 

McCall's  Ferry,  i.  186,  187— lands.  Twin  Coal,  ii.  304. 
McCaulev's  Mountain,  coal-fields,  ii.  12. 
McClure's  Gap,  i.  334. 
McConuell's  Cove,  Aur.  limest.,  ii.  4. 
McConnellsburg,  anti.  axis,  i.  324,  325. 
-McConnellsburg  Cove,  anti.  axis,  i.  419 — Aur.  limest., 

i.  324 — structure,  i.  323 — Cad.  and  Verg.  rocks,  i. 

428— iron  ore,  i.  479 — .Mat.  and  Lev.  rocks,  i.  326 — 

fault  along  the  nortli-west  side,  i.  325. 
McConnellstowu  Cuve,  i.  114 — Sea.  and  Prem.  limest., 

i.  518 — Sea.  and  Prem.  limest.,  and  Mer.  sandst., 

i.  525 — Surg,  shales,  i.  523. 
McCoystown,  Prem.  chert,  i.  3S8— Prem.  limest., i. 385. 
McCreary's  Basin,  ii.  154— Grey-ash  Vein,  ii.  136. 
McCulloch's  Run,  ii.  615. 

McDonald  s  Branch  Dale  Colliery,  Spohn  Vein,  ii.  160, 
161. 

McDowell  Banks,  iron  ore,  i.  524. 
McDufl"s  Grist-mill,  i.  84. 
McFarland's  Mill,  character  of  limest.,  i.  476. 
MeGee's  Run,  ii.  003,  616. 

McGinnes'  Boring,  anti.  a.xis,  ii.  39. — Hollow,  coals, 

i.  205, 206— mines.  Jugular  Coal,  ii.  2U4 — New  Slope, 

ii.  132. 
McGuide's  Jlill,  ii.  602. 

McKean  County,  i.  120 — watershed,  i.  35,  ii.  487. 
McKey's  Gap,  i.  507 — Surg,  shales,  i.  557. 
McKeesport,  ii.  C37. 

McKiniiey's  Bank,  iron  ore,  i.  489 — ore-banks,  lime- 
stone rocks,  i.  497. 
McMany's  quarry  of  fetid  limest.,  i.  544. 
McMickle's  Creek,  Post-nier.  limest.,  i.  284. 
McMullen's,  section  at,  ii.  639. 
McMurtrie's  Tavern,  dip  of  Surg,  strat^t,  i.  513. 
Madisunburg,  anti.  flexure,  i.  493. 
Madison  Colliery,  ii.  417 — Shipman's,  ii.  418. 
Magnesian  rock,  steatite  and  serpentine,  i.  169 
Magnetic  iron-ore,  ii.  713,  748. 
Maguire's  Ore-bank,  i.  217. 

Mahanoy  Basin,  ii.  6,  21— coal  region,  ii.  265,  270. 

Mahanoy  Mountain,  i.  17,  23-25, 118,  ii.  11 — anti.,  ii. 
289  — monoclinal  crest,  i.  14,  15  — Ridge,  i.  361 
• — Cad.  grey  sandst.,  i.  336 — Cad.  and  Verg.  rocks, 

i.  360 — Sea.  and  Prem.  limest.  belt,  i.  349 — syn. 
belt,  Verg.  rocks,  i.  452 — Watov-gap,  Ser.  conglome- 
rate, ii.  273. 

Mahantaogo  Creek,  Cad.  and  Veig.  rocks,  i.  391 — 
Pon.  red  sandst.,  i.  395 — Prem.  chert,  i.  3>9 — Sea. 
and  Prem.  limest.,  i,  385 — Mountain,  i.  21,  118 — 

ii.  11 — Valley,  ii.  7— Pon.,  Verg.,  and  Cad.  strata, 
i.  114 — Pon.  and  Verg.  strata,  ii.  5. 

Mahoning,  ii.  5S7 — Alleghany  River  valley,  i.  51 — 
Creek,  ii.  493,  585 — section,  ii.  586 — iron  ores,  i. 
449— Pon.  rocks,  i.  452— Hill,  i.  2S6— iron  ore,  i. 
443— limestone,  ii.  489,  567 — Mountain,  i.  289 — 
Vesp.  sandst.,  ii.  11 — Ridge,  16th  anti.  in  Verg. 
shales,  i.  31— Valley,  i.  289. 

Mahoopenv  Basin,  i.  121 — Creek,  ii.  481,  510 — Moun- 
tain, 1.  120,  ii.  480. 

Mahoopeny's  quarries,  L.vcoming  Creek,  i.  549. 

Maiden  Creek,  i.  92,  102 — cleavage  Aur.  limest.,  i. 
102— slate  hills,  i.  249. 

Main  Black  Creek  Basin,  syn.  belt,  ii.  263 — Gate 
Coal,  Mill  Creek,  ii.  135 — Hazleton  Coal-basin,  ii. 
256 — Lower  Coal,  ii.  57 — Slopes,  L  2. 

Mammatt,  Edward,  cited,  ii.  802. 

Mammoth  Coal,  ii.  108,  140 — Ashland  Basin,  ii.  274 
— M'Ginnis's  Hollow,  ii.  206— St  Clair,  ii.  132— 
Coal  Castle,  &c.,  ii.  221. 

Mammoth  Salt-works,  i.  604 — Seam,  11,  427 — John 
Dougherty's,  ii.  168 — White-ash  Coal,  Crow  Hol- 
low, ii.  134. 

Manatawiiy  Creek,  iii.  681 — Aur.  limest.,  i.  200 — 

Aur.  limest.  basin,  i.  102— cleavage  in  Pri.  slates,  i. 

10-2— east  side  of,  L  200. 
Manayunk,  i.  5 — gneissic  rocks,  i.  68,  79— Monokesy 

Creek,  i.  93,  102— limest.  and  gneiss,  i.  199— Hill's 

Inn,  i.  200. 
Manor  UUl,  i.  513. 

Mansfield,  ii.  524 — iron  ore,  i.  311,  312 — Verg.  shales, 
i.  311. 

Marble  Ilall,  near  Conslioliocken,  i.  162— quarries, 
i.  215— in  Montgomery  County,  i.  167,  108 — Moun- 
tain, i.  94 — origin  by  metamorpliism,  1.  163 — in 
quarry  near  Eiiphrata,  i.  222 — quarry,  south  of  the 
Valley  Turnpike,  i.  215. 


Marcellus  group,  ii.  755. 

BLargarctta  Furnace,  i.  185. 

Maria  Furnace,  ii.  690— altered  rocks,  i.  206. 

Marine  fossils  in  limest.  of  coal,  ii.  798 — limest.  in 

contact  with  coal,  ii.  804. 
Maris's  Grist-mill,  belt  of  serpentine  and  gneiss, 

i.  168. 

Markle's  Paper-mill,  ii.  636. 

Marls,  i.  61. 

Mar's  Hill,  anti..  i.  511. 

Marsh  Creek,  i.  545,  551,  5.j2— Mer.  sandst.,  i.  647. 

Marshes  of  America,  pl.iut.s  of,  ii.  844. 

Marshall  Creek,  cascade,  i.  280 — Mer.  sandst.,  i.  2S2 

— Mill,  serpentine,  i.  169. 
Marsliallton,  hornblendic  gneiss,  i.  78. 
Martin  Mountain,  Sea.,  Prem.,  and  Mer.  strata, 

i.  509. 

Martin's  Bay,  i.  506— Creek,  Aur.  limest.,  242— Mat. 

arg.  limest,,  i.  241 — rootiug-slate,  i.  248. 
Marvin  Creek,  ii.  549. 
Mary-Ann  Furnace,  i.  26". 
Mason's  Drift,  ii.  513 — Tunnel,  ii.  424. 
Jlassey's  Coal  below  Babylon,  ii.  356. 
Mastodon,  ii,  773 — gigauteum,  ii.  774 — four  grinders 

found  south-west  of  Brown's  Mill,  i.  480. 
Mather's  Farm,  limest.  quarries,  i.  213. 
Matilda  Furnace,  iron  ore,  i.  412 — Surg.  foss.  ore, 

i.  431. 

Matin.al  arg.  limest.,  i.  105,  112. 

Matinal  black  slate,  i.  112,  ii.  784 — in  Anti's  Gap,  i. 
490  — on  the  BushkiU,  i.  239,  249  — in  Centre 
County,  i.  260 — ten  miles  from  Easton,  i.  239 — fos- 
sils, character  and  thickness,  i.  105 — Kishacoquillas 
Valley,  i.  472,  478— JIartin  s  Creek,  i.  239— Naza- 
reth, i.  239,  249— Union  Canal,  i.  249. 

Matinal  limest..  Centre  County,  i.  239 — Delaware 
River,  i.  125— near  the  Pelaw:iio,  i.  239— fussils,  ii. 
818— in  Kishacoquillas  Valley,  i.  471,  472,  478— 
east  of  the  Lehigh,  i.  2:;9— -Miirtin's  Cieek,  i.  239— 
Mifflin  County,  i.  239  — Nittany  Mountain,  i.  493 
— near  Swigert's  Gap,  i.  511. 

Matinal  newer  slate,  i.  112 — Delaware  River,  i.  240 — 
Kittatinny  Valley,  i.  239 — organic  remains,  240 — 
Shade  Mountain,  i.  368. 

Matinal  period,  ii.  749 — physical  geography  of,  ii. 
783. 

Matin.al  rocks,  i.  124— near  Bellefonte,  i.  497— in 
Canoe  Valley,  i.  505— Jacksonville,  i.  496— Kisha- 
coquillas Valley,  i.  462 — Kittatinny  Valley,  i.  112 
—thickness,  i.  472 — at  Tyrone  Gap,  i.  553. 

Matinal  series,  ii.  762. 

Matinal  shales,  i.  472,  ii.  784 — Canoe  Mountain,  i. 
603 — flexures,  ii.  3 — fossils,  character  and  thick- 
ness, i.  1115 — Kittatinny  Valley,  i.  125 — Kishaco- 
quillas Valley,  i.  478. 

Matinal  slates,  i.  116— Altliouse's  Bridge,  i.  232— 
Bernville,  i.  254— Blackleg  Valley,  i.  370— boun- 
dary, i.  257 — Brush  Valley,  1.  4U2 — at  Bunker's 
Hill,  i.  254 — between  the  Delaware  and  Scluiylkill, 
i.  246 — south-west  part  of  Franklin  County,  i.  261 
■ — below  Hamburg,  i.  232 — east  of  Ilarrisburg,  i.  233 
— south  of  Irish  Creek,  i.  253 — Jack's  Mountain,  i. 
477 — Kittatinny  Vallej',  i.  123,  248 — Kittatinny 
Valley,  lietween  the  Susquehanna  and  Maryland,  i. 
260 — north  of  Lebanon,  i.  233 — Lehigh  Water-gap, 

i.  27.'i — JIaiden  Creek,  i.  249 — Millerstown,  i.  235 — • 
west  of  Monday  Creek,  i.  236  —  Nort'n  Horse, 
Burns'  and  Amberson's  valleys,  i.  318 — Northkill 
Creek,  i.  254 — Perry  and  Franklin  Counties,  i.  321 
—Plum  Creek,  i.  253— Reeser's  Mill,  i.  253— Reli- 
rersburg,  i.  254— west  bank  of  the  Schuylkill,  i.  232 
—east  of  the  Swatara,  i.  255— second  belt,  i.  262 — 
— Seven  Mountains,  i.  481 — Sugar  Valley,  i.  491 
—third  belt,  i.  262— Womelsdorf,  i.  234. 

Matinal  strata,  thicknesses  of,  i.  124,  126. 

Matsan's  Run,  passage-beds,  i.  165, 

Mauch  Chunk,  ii.  23 — coal-schutes,  ii.  73  —  Creek 
monoclinal  valley,  i.  18 — old  tunnel,  ii.  22 — cost  of 
preparing  the  coals,  ii.  74 — pictorial  sketch,  i.  29 — 
Ser.  series,  i.  146 — Vesp.  strata,  ii.  8 — tunnel,  eon- 
tour  of  the  eastern  end  of  coal-basin,  ii.  50 — tunnel. 
Twenty-eight  feet  Veiu,  ii.  36 — Umb.  series,  i.  144 
— Vesp.  rocks,  i.  143— Tunnel,  white-ash  coals, 

ii.  69. 

Mauvaise  terres,  ii.  771. 

Maxwell's  Coal,  ii.  374 — mines,  ii.  367— railroad,  ii. 
365. 

Meadow  Gap  iron-ore,  i.  371 — Run,  ii.  405. 

Meadville,  ii.  489,  538 — Cad.  and  Verg.  strata,  i.  584 
— elevation  of  the  hills,  i.  578. 

Mechanical  structure  of  coal,  ii.  800,  801. 

Mecke's  Tunnel,  Jugular  Coal,  ii.  217 — Western  Tun- 
nel, coals,  ii.  208. 

Medina  red  shale,  ii.  753,  7SS. 

Meek,  Mr,  ii.  759. 

Megalomeryx,  ii.  773. 

Meganteris  ovoides,  ii.  826  —  Mendenhall's  limest. 

quarries,  i.  226. 
Mercer,  i.  120,  ii.  564,  5G5 — limestone,  ii.  489 — Sandy 

Lake,  ii.  573. 
Mericliyrus,  ii.  773. 

Meridian  period,  ii.  749 — rocks,  i.  113 — Black  Oak 
Ridge,  i.  561— north  of  Delaware  Water-gap,  i.  273 
—in  Bald  Eagle  Valley,  i.  339 — Juniata,  above  Bell's 
Forge,  i.  554 — north  of  Lehigh  Water-gap,  i.  274 — 
Lewistown  Valley,  i.  399 — Perry  County,  i.  351, 
352. 

Meridian  sandstone  on  anti.  axes  in  Perry  County, 
i.  352,_354— Bald  Eagle  Valley,  i.  310,  547— belt  in 


the  third  synclinal  axis,  i.  421 — Broadhead's  Creek 
to  Steinberg,  i.  284 — north-east  of  Buckstown,  i. 
558 — details,  i.  424 — fossils,  character  and  thick- 
ness, i.  107 — Ferguson's  Valley,  i.  417 — iron  ores, 

i.  410 — Lehigh  Water-gap,  i.  137 — limit,  i.  409 — 
Little  Cove,  i.  419 — Pine  Creek,  i.  544— Prater's 
Ridge,  i.  418 — Stone  Valley,  i.  518— in  Tuacarora 
syn.,  i.  388 — Warrior  Ridge,  Pulpit  Rocks,  i.  519 

' — north-west  of  Waynesburg,  i.  4'20. 

Meridian  slate,  character  and  thickness,  i.  107 — 
Tuscaroia  axis,  i.  137. 

Meridian  stiatu,  south-west  of  Bloomsburg  i.  431  — 
Lewistown,  i.  401  —  between  Jersey  bhore  and 
Muncy,  i.  533 — thicknesses  of,  i.  137,  1.38. 

Jleridian  series,  ii.  735 — physical  geography  of,  ii.  790. 

Merista  lasvis,  ii.  825. 

Merricliippus,  ii.  773. 

Merrion  Square,  steatite  and  serpentine,  i,  167. 
Merwine's  Tavern,  Pon,  red  shales,  i.  286. 
Merycodus,  ii.  773. 

Mesozoic,  boundary  of,  in  Chester  County,  ii.  673 — 
conglomerate  at  Neversink  Hill,  i.  103 — formations, 

ii.  739 — igneous  rocks  of.  ii.  671 — or  Middle  Secon- 
dary series,  i.  237 — of  New  England  and  Southern 
States  correlated,  ii.  697 — and  Palaeozoic  rocks  in 
contact,  ii.  681 — red  sandst.,  i.  100-102— ii.  760— dip 
of,  ii.  670— composition  of,  ii.  667,  669 — geographical 
limits  of,  ii.  067,  668 — red  shale  near  Coopersburg, 
i.  101— rocks,  i.  59— east  of  the  Schuylkill,  i.  200— 
series,  detailed  description  of,  ii.  672,  670 — strata, 
west  sioe  of  Susquehanna,  ii.  677,  761 — near  the 
Susquehanna,  ii.  678,  679. 

Metalliferous  veins,  ii.  706,  713 — of  Mesozoic,  ii.  763. 
Metamorphie  Pakeozoie  strata,  ii.  745 — of  Atlantic 

Slope  of  Middle  and  Southern  States,  i.  62. 
Metamorphie  rocks  in  Lehigh  and  Berks,  i.  97 — strata 

division,  i.  64. 
Metamorpliism,  origin  of  marble,  i.  163. 
Methodist  meeting-house,  ii.  375. 
Mevey's  Ore-bank,  i.  423— Sugar  Valley,  i.  427,  433. 
Mexican  Gulf  drainage,  i.  40. 

Mexico,  south-east  limit  of  Surg,  and  Sea.  marls,  i. 
378. 

Meyer's  Tunnels  on  Bushy,  ii.  112. 
Jlica  in  the  Verg.  rocks  of  the  north-eastern  district, 
i.  298. 

Mica  slate,  limits  and  details,  i.  77. 

Micaceous  gneiss  in  Bucks  and  Montgomery  counties, 

i.  151. 

Micaceous  oxide  of  iron,  ii.  679. 
Michigan  coal-field,  ii.  967,  908. 
Microdon  bellastriata,  ii.  827. 
Middle  Alabama,  i.  119. 

Middlehurg,  anti.  axis,  i.  405 — block  ore,  i.  410— Ridge 
of  limest,,  i.  403, 

MidiUe  carboniferous  strata,  ii.  757. 

Middle  Creek,  ii.  438— anti.  axis,  i.  405,  ii.  41— Aur. 
limest.,  i.  221- Black  Heath  Coal,  ii.  216— Black 
Valley  Coal,  ii.  217— anti.  flexure,  ii.  165— egg-con- 
glomerate, ii.  153 — railroad,  exposure  of  anticlinal 
S,  ii.  167 — Sea.  limest.,  i.  401 — of  Swatara,  ii.  134 — 
white-ash  coals,  ii.  135,  150. 

iMiddle  Llewellyn  axis,  ii.  40. 

Middle  Norwegian  anti.  flexure  .7,  ii.  143. 

Middle  Pala'ozoic  strata  wanting  in  Missouri,  ii.  787. 

Middleport,  ii.  26,  414— anticlinal,  ii.  33— coal-beds, 

ii.  115— Charles  Pott  Coal,  ii.  113,  114,  218— Clark- 
son  Coal,  li.  219— Palmer  Coal,  ii.  218— Small  Coal, 
ii.  219 — Spohn  Coal,  ii.  110 — synclinal,  ii.  32 — syn. 
axis,  ii.  35. 

Jliddle  Ridge,  Cad.  and  Verg.  rocks,  i.  360— Pon. 

red  sandst.,  i.  363. 
Middle  secondary  red  sandst.,  i.  92,  201,  ii.  759. 
Middle  syn.  belt  of  Wilkesbarre  and  Sliicksliinny 

district,  ii.  383. 
Middlesworth's  Mill,  Surg,  rock  and  foss.  ore,  i.  411. 
Middleton's  Quarry,  near  French  Creek,  i.  583. 
Middletown,  li.  013 — North  Valley  Hill,  middle  zone 

of  gneiss,  i.  83. 
Mid-Lothian  coal-field,  ii.  983. 
Midway,  Bell's  Quarry,  i.  214. 
Mifflinsburg  Mountain,  i.  457. 

AiifBintown,  Sea.  limest.,  i.  384— Sea.  rocks,  i.  135 — 

Surg,  led  shale,  i.  398— Surg,  rocks,  i.  132,  133,  134 

— Surg,  strata,  i.  373. 
Jlilesburg  Gap,  Sea.  and  Prem.  limest.,  i.  646— Surg. 

and  Lev.  rocks,  i.  547 — Mer.  sandst.,  i,  548, 
Millb.augh  Hill,  i.  112— General  Section,  No.  5,  i.  93 

—Pri.  rocks,  i.  202. 
Mill  Brook,  ii.  367. 

Mill  Creek,  ii.  35,  370,  .371.  376,380,  420— Basin,  fea- 
tures, dimensions,  structure,  ii.  223 — Big  Diamond 
Coal,  ii.  218— BigTracey  Coal,  ii.  40,  96— coal-basin , 
ii.  225 — Coal-measures,  ii.  229 — Collieries,  ii.  422 — 
Spencer  and  Mason's  Drifts,  ii.  138— coal  strata, 
ii.  1'23 — geological  section,  ii.  36 — Furnace  anti., 
ii.  32 — limest.  full  of  fossils,  i.  520 — Gap,  dip,  ii. 
235 — Peach  Mountain  Basin,  ii.  34 — Pidmer  Coal, 
ii.  218 — Primrose  Coal,  ii,  217 — section,  ii,  322 — 
Small  Coal,  ii.  219 — South  Diamond  Coal.  ii.  218 — 
steatite  and  serpentine,  i.  71 — synonyms  of  the 
coals,  ii.  222 — Umb.  red  shale,  ii.  12 — upper  red- 
ash  coals,  ii.  135 — Valley,  mining  details,  it.  84 — to 
AVest  Norwegian  ccillierit.s  and  mining,  ii.  145 — 
details  of  the  coals,  il.  132 — Vesp.  strata,  i.  311. 

Milford  and  Ben's  Creek,  section,  ii.  657. 

IMilfurd  Bridge,  Post-nier.  limest.,  i.  280 — colliery,  ii. 
113.  414— Road,  Posl-mer.  rocks,  i.  282 — Tunnel, 
syn.  belt,  ii.  32. 
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Jliilliall,  dip  of  the  Lev.  rocI;s,  i.  488— Gap,  limcst , 

i.  4i'5— Iniiest.  quariy,  section,  i.  545. 
Milk-and-Water  Kidge,  i.  5l'7. 

Miller's  coal-beds,  ii.  401) — colliery,  ii.  434— drift,  ii. 
ol.'i— mine,  ii.  724— Lewis  Coal,  ii.  14S — Mill,  Dry 
Huu  bell  of  gneiss,  i.  1!»7 — Plicuiiix  slope,  ii.  147. 

Miller  and  Stalil's  I'hcuni.x  Collierv,  ii.  174. 

Miller's  t-lope,  Jlount  LatlV,  Ulack  Heath  Coal,  ii.  21G. 

Millerstuwn  iron  ores — Siirg.  rocks,  i.  2G4,  Lev.  rocks, 
i.  337 — I're-mer.  limest..  i.  l:i(i — Pri.  saudst.,  i.  lyfi 
— Sea.  liniest. ,  i.  3.'!0 — Sur?.  block  ore,  i.  431. 

Milliken's  Cove,  i.  117 — anti.  axis,  i.  469 — Irom  Dry 
Kidge,  pictorial  sketch,  i.  17 — Lev.  series,  i.  128, 
129,  130— Mat.  Uraest.  and  slate,  i.  125  — Mat. 
slates,  i.  511 — pictorial  sketch,  i.  12 — structure,  i. 
9— Surg,  rocks,  i.  :>IM,  570— aspect  of  the  Bald 
Eagle  Mountain,  i.  5''^ — Kuul),  .syn.  trough,  i.  513. 

Milne's  slopes.  Big  coal-seam,  ii.  h7. 

Milne's  aud  Snyder's  new  slopL',  li.  132. 

Milton,  i.  IIU- Bridge,  i.  457— .-^nrg.  red  shale,  i.  45S 
— limest.  quarries,  i.  451)— Sea.  grey  marls,  i.  437— 
Sea.  grey  marl,  tliickness,  i.  398 — Sea.  lime.st. , 
Ihicknes-s,  i.  539 — Sea.  marls,  i.  536— Surg,  rocks, 

i.  I.'i2,  lys,  134 — Sea.  rocks,  i.  135. 
Mineder's  Mill,  Pri.  sandst.,  i.  198. 

Mine  Hill,  ii.  :t,  415,  442— anti.,  ii.  26— anti.  wave,  ii. 

234— a.\is,  ii.  52,  84— bjisin,  ii.  20,  27,  443— Rig 

Coal,  ii.  200— structure  and  composition,  ii.  201 — 

soutli-western  branch,  ii.  211. 
Mine  Hill  Gap,  i.  84. 
Mine  Hill  Gap  colliery,  ii.  IKS. 
Mine  Hill,  .structure,  &c.,  ii.  199. 
Mine  Hill  Valley,  coals,  and  collieries,  ii.  202 — Ser. 

conglomerate,  ii.  225,  442. 
Mine  in  Primrose  Coal-seam,  ii.  1011. 
Mine  Kidge,  composition  and  structure,  i.  177 — Pri. 

rocks,  i.  Ill,  176. 
Miner's  iMill,  ii.  369,  370. 
Jlineral  Charcoal,  ii.  993. 

Minerals,  ii.  709 — in  Aur.  limest.,  ii.  712 — developed 
by  trap-dykes,  ii.  685 — of  gneissic  belts,  ii.  748 — of 
Mesozoic  trap,  ii.  671 — of  the  raetaniorphio  strata, 

ii.  711 — and  ores,  ii.  710 — in  the  South  Mountains, 

i.  94 — veins,  ii.  700,  706,  709 — near  PhCBUi-wille,  ii. 
699— of  Wheatley  Lode,  ii.  701. 

Miiiersville,  ii.  428— anti.,  ii.  39,  40,  44— central  axis, 

ii.  158 — Lewis's  Tunnel,  Peach  Mountain  Coal,  ii. 
169— Little  Diamond  Coal,  ii.  148 — (iriscom's  axis, 
ii.  163 — south  axis,  ii.  43 — Tunnel,  southern  coals, 
ii.  159. 

Miney  Run  copper  ore,  i.  207. 

Mingo  Creek,  n.  64S. 

Mining  coal,  ii.  1010— by  slopes,  ii.  1012. 

Miocene  fresh-water  basin,  ii.  772 — strata,  ii.  770. 

Mississippi,  lacustrine  tracts,  i.  38. 

Missouri  coal-field,  ii.  964 — river,  ii.  771. 

Mitcheir.s  Drift,  ii.  644. 

Modiola  concentrica,  ii.  S27. 

Modiolopsis  modiolaris,  ii.  820. 

Moliawk,  njarble  beds,  i.  239. 

Mond.iy  Creek.  JIat.  slate,  l.  255. 

Jlonnehnal  l.-lts,  Ij.iw  eroded,  ii.  919— crests,  in- 
stancr..  !.  M.L'.;  -  ^a|.s  ii.  9:,2— ridges,  i.  13,  ii.  920 
— exani]il"s  west  ni  tlir.'  Mis.|U'M,anTei,  i.  l.">  — in- 
stances, i.  14— Kisllac."rilll:i^  \  alli  v,  i.  1."'  -\allrvs, 

i.  10— strata,  l.ical  ern-icn  of,  ii.  ':):;;)— Tuveaima 
Mouniain,  i.  331 — valley  at  tlie  suntli-east  ba.se  of 
the  Alleghany  Mountain,  i.  19 — valleys,  i.  15 — 
around  tiie  anthracite  coal-basins,  i.  19 — of  the 
Appalachian  chain,  i.  18— how  eroded,  ii.  921 — 
north-west  of  Kittatinny  Mountain,  structure,  i. 
18 — scenery,  i.  31. 

Monokesy  Creek,  ii.  G81. 

]Monongaliela  Kiver,  i.  51 — Citv,  ii.  l^ll — Basin,  i. 
42. 

Monroe,  ii.  681. 

Monroe  from  Easton  (see  Section  A),  i.  98. 
Monroe  Corners,  limest.  quarries,  i.  309. 
Montalto  Furnace,  i.  268,  269. 

Montebello  Furnace,  17th  aud  18th  ant.  axes  in  tlie 

yevg.  slates,  i.  317. 
Montelius'.s  Open  Cut,  ii.  1010. 
Monterey  colliery,  ii.  447. 

Montgomery  and  Chester  limest.  valley,  i.  210,  211 — 
Basin,  marble  quarries,  i.  215 — Pri.  rocks,  i.  60 — 
Pri.  strata,  their  composition,  i.  154— syn.  trough, 

ii.  2 — lead-mine,  ii.  676. 
Montour  ironworks  at  Danville,  i.  444. 
Montour's  Ridge,  i.  11,  14,  115— anti.  axis,  i.  440, 

462 — calcareous  iron-ore,  i.  449 — ch.aracter  of  the 
strata,  i.  435— cast  of  Hemlock  Creek,  i.  446 — iron 
ores,  i.  446— Mer.  sandst.,  i.  137— Mer.  slates,  i. 
438— -Mer.  slaty  sandst.,  i.  451,  452— Pon.  rocks,  i. 
440— Pre-mer.  limest.,  i.  136— Pre-mer.  rocks,  thick- 
ness, i.  399— Sea.  rocks,  i.  437— scenery,  i.  49— 
Surg,  rocks,  i.  436.  437— ii.  1-2- ores,  ii.  730. 
Montrose,  Pon.  and  Vesp. rocks,  i.  305— 'Vesp. sandst., 

i.  306. 

Moore,  Kev.  W.,  Greensboro',  ii.  835,  847. 

Moore's  Coal,  ii.  356  — opening,  tabulated  details, 

ii.  356. 

Moore's  QuaiTy  above  Lewisburg,  Sea.  grey  marls,  i. 
536. 

Mooretown,  Mer.  slates,  thickness,  i.  438 — Pri.  rocks, 

i.  77, 152. 
Moosic  Mountain,  ii.  12. 

Moravian  Quarry,  Cad.  sandst.,  i  583— Uim,  ii.  483. 
Moreland's  HiU,  ii.  623. 
■  Morgan's  Corner,  i.  168. 


Morgan  Hoffman's  Farm,  ii-on  ore,  i.  90.  I 

Morgan  and  Edwards'  Tunnel,  ii.  434. 

Morgan's  Mill,  gneiss  rocks,  i.  80 — west  of  York's  I 

Factory,  details  (see  Section),  i.  160— Mine,  ii.  361  1 

— Tunnel,  ii.  42.  ] 
Morgantowu,  ii.  505 — contortion  of  Aur.  strata,  i. 

221— Virginia,  ii.  501. 
Morris  Lode,  ii.  "00.  ^ 
Morris  Kun.  ii.  4S4 — Section,  ii.  519. 
Morrison's  Cove,  i.  10,  523 — anti.  axis  of  the  west 

side  and  south  end,  i.  468 — anti.  belt,  ii.  4 — anti. 

flexure,  i.  506,  507 — Aur.  calc.  sandstone,  i.  123 — 

■ — Aur.  limest.,  i.  470 — Aur.  rocks,  i.  117 — Mat. 

valley,  i.  557 — structure,  i.  9. 
Morrisville,  Pri.  rocks,  i.  152.  | 
Moselem  Iron  Mines,  i.  266,  ii.  726.  ' 
Moser's  Valley,  axis,  i.  404. 

Moser's  and  Swartzel's  Valleys,  anti.  axis,  i.  463 — 

foss.  ore,  i.  410 — Sea.  limest.,  i.  401. 
Moshannon,  ii.  480,  481,  530— Section,  ii.  531. 
]\Iosquito  Creek,  ii.  561 — Valley,  i.  9. 
Mosses  of  American  peat-hogs,  ii.  843. 
Jlount  Braddock,  ii.  505,  623 — lands  and  section, 

ii.  622. 

Mountain-belts.  Lower  Juniata,  i.  114 — Upper  Juni- 
ata, &c.,  i.  116. 

Mouiitain  chain,  general  stnicture,  ii.  1. 

Mountain-coves  in  Centre  County,  i.  22  —  Union 
County,  i.  22. 

Mountain  Creek,  limest.  belt,  i.  205 — Valley,  Pri. 
rocks,  i.  203. 

Mountain-liouse  coal,  ii.  460. 

Mountain-ridges  and  valleys,  i.  10 — sides,  their  aspects, 

i.  27 — spurs  of  Union  County,  i.  485. 
Mountains,  passes  or  notches,  i.  28. 

Mount  Carbon,  Umb.  red  shale,  i.  144,  ii.  10. 

Mount  Carmel,  ii.287 — anti.  axis,  ii.  27.S — anti.  oppo- 
site Locust  Gap,  ii.  278— Basin,  ii.  279,  280,281— 
exposures  of  coals,  ii.  288 — details  of  the  coals,  ii. 
290— subordinate  basins,  ii.  282,  283— Turnpike 
Coal-measures,  ii.  283. 

Mount  Eagle  Colliery,  ii.  439. 

Mount  Hecla  Bank,  pipe  ore,  i.  499— Furnace,  anti. 

flexure,  i.  497. 
Mount  Hope  Slope-mine,  ii.  422. 
Mount  Jetfer.son,  ii.  52. 
Mount  Joy,  Pri.  rocks,  i.  173. 

Mount  Laffy,  anti.  details,  ii.  38 — Mammoth  Seam, 

ii.  170— east  slope,  ii.  424 — west  slope,  ii.  426 — old 
tunnel,  ii.  141— ba.sin,  details,  ii.  38— coal,  ii.  1003, 
1005— tunnel,  ii.  147. 

Mount  Moriat,  Ve.sp.  conglomerate,  i.  304. 

Momit  Pisgali,  i.  245,  ii.  49 — inclined  plane,  ii.  74 — 
Coal-measures,  ii.  69— and  Hell  Kitchen  Basin,  ii. 
50— near  Mauch  Chunk,  pictorial  sketch,  ii.  1,  12 
— syn.  knob,  ii.  26. 

Mount  Pleasant,  ii.  481 — old  forges,  i.  201— old  ore- 
bank,  i.  315— fault,  i.  320,  ii.  500,  532,  620— iron- 
mine,  ii.  715 — T.avern  Daniel  Coal,  ii.  211. 

Mount  Sorrow,  Pri.  white  sandst,  i.  173. 

Moiuifs  Cirik.  ii.  504,  506.  009,620. 

Mowia  ,  ■-  !:uii,  ii.  308— anti.  axis,  ii.  289. 

Jloyer  s  (  nal,  ii.  619. 

Mud  Turnpike,  outline  sketch,  i.  34. 

Muddy  Branch,  ii.  434— anti.  axis,  ii.  167 — Griscom's 

axis,  ii.  172 — Spohn  Vein,  ii.  161 — white-ash  coals, 

ii.  153. 

Muddv  Creek  Hollow,  ii.  153,  646,  647— anti.  flexures, 
i.  187. 

Muncy,  anti.,  i.  488 — Bridge,  Sea.  marls,  i.  536— Cad. 

and  Verg.  rocks,  i.  540. 
Muncy  Creek,  Sea.  marls,  i.  538— Surg,  and  Sea.  rocks, 

i.  542 

Muncy  Hills,  Cad.  upper  black  slate,  i.  140— Cad. 
and  Verg.  strata,  i.  548— character  of  the  strata, 
i.  439 — Mer.  sanclst.,  i.  547— pictorial  sketch,  i.  50 
— Pre-mer.  and  Mer.  strata,  i.  533— scenery,  i.  30 —  i 
sync,  belt.  Cad.  and  Verg.  rocks,  i.  454,  455— syn. 
trough,  Prem.  limest. ,  i.  453. 

Muncy  Lock,  Cad.  black  slate,  i.  548. 

Muncv,  Mer.  rocks,  i.  137,  138— Pre-mer.  limest., 

i.  136. 

Muncy  Mountain,  i.  535. 
Muncy  Town,  Sea.  rocks,  i.  135. 
Muncy,  Sea.  limest.,  i.  539. 
Muiu'oe  Corners,  ii.  512. 
Murchisonia  bicincta,  ii.  817. 
Muscites,  ii.  849. 

Musquito  Valley,  Lev.  rocks,  i.  489. 
Musscr's  liniest.  quarry,  i.  257. 
Jlylm's  Ore-pit.  i.  217,  219. 

Nauticoke,  scenery,  i.  48 — Mill,  ii.  378 — Jlountain,  i. 

29— section,  ii.  399 — Serai  series,  i.  148 — Umb.  red 

sh.ale,  li.  320 — Umb.  series^  i.  145. 
Nantineal  Township,  Aur.  limest.,  i.  232. 
Napoleon  Mine,  ii.  676. 
National  Road,  ii.  506,  623. 
Nature  of  the  coal  strata,  ii.  796. 
Nautilus  decoratus,  ii.  833. 

Nebraska,  cretaceous  deposits,  ii.  766 — Miocene  basin, 

ii.  771 — Pliocene  strata,  ii.  773. 

Neelev's  Sawmill.  Mer.  sjindst.,  i.  390— Prem.  limest. 

aiMl  M.  r  voidst.,  i.  387. 
Nrui  ,.  V,.,;.  tan,,  i.  3,  .32,  33,  120,  ii.  494. 
Si.-^rn  \  a!!e.\  .  Lev.  and  Surg,  rocks,  i.  377 — Sea. 

hmest,,  i.  419— Surg,  rocks,  i.  413. 
Neill's  Slope,  ii.  121,419. 
Neobrai'a,  ii.  764. 
Nephrite,  i.  95. 


Nesbitt's  Coal,  ii.  411. 

Nescopeck  Mountain,  i.  48,  ii.  11,  12 — mono,  crest, 

i.  15— the  Vesp.  strata  of,  ii.  8 — Passage-group  of 
rocks,  ii.  9 — Vesp.  conglomerate,  i.  302 — Vesp. 
rocks,  i.  143. 

Neshanning  stone  quarries,  i.  153. 
Neshannock  Creek,  ii.  400,  665. 
Neshannon,  ii.  574. 

Nesquehoning,  Broad  Mountain,  composition,  struc- 
ture, i.  118 — coal-beds,  ii.  213 — mines,  coal-seams, 

ii.  57 — condition  of  the  coal,  and  modes  of  trans- 
port, ii.  54,  5i3 — synonyms  of  the  coals,  ii.  221 — 
Mountain,  i.  2S6—  Vesp.  rocks,  ii.  6 — Serai  series,  i. 
146— Tunnel,  ii.  51— white-ash  coal,  ii.  67,  69. 

Neversink  Hill,  Aur.  limest.,  i.  199 — structure,  i.  7, 

103,  ii.  681— spurs,  i.  94. 
Neville's  Jline,  ii.  115. 

Nevin's  Quarries,  i.  82 — limest.  Quarries,  i.  225— 

Quarry,  i.  226. 
Neuropteris,  ii.  856,  8.57,  858,  859. 
New  Alexandria,  iL  602— section,  li.  630. 
New  Bethlehem,  ii.  585. 
New  Berlin,  i.  115 — Gap,  i.  458. 
Newberry,  ii,  688. 

New  Burhngton,  Prem.  and  Mer.  rocks,  i.  404. 
Newcastle,  ii.  566,  576 — coals,  ii.  2o2 — coal-lield,  ii. 

981— colliery,  ii.  442— mine  skte,  i.  2u4. 
New  Chester,  ii.  688. 

New  Columbia,  limest.  beds,  i.  453 — Post-mer.  anti. 

belt,  i.  452. 
New  Cumberland,  Aur.  limest.,  i.  257. 
New  Derry,  u.  617. 
New  Geneva,  ii.  626,  647. 
New  Haven  Mine,  ii.  370,  380. 

New  Holland,  character  of  Aur.  limest.,  i.  221 — hme- 
stone,  i.  193. 

New  Hope,  trap-rock,  i.  48— Turnpike,  Old  Plum- 
bago Mine.  i.  81. 

New  Home  Coal,  ii.  259. 

New  Iron  Furnace,  No.  2,  i.  75. 

Newkirk,  axisB,  see  Fig.,  iL  97 — Colliery,  Reinhardt's 
Kun,  Grier  Coal  of  Tuscarora,  ii.  21t) — synon\Tns  of 
the  coals,  ii.  222— Tunnel,  Coal  E,  ii.  79— Coal  E, 
section,  ii  .98 — Coal  E,  ii.  99 — Coal  F,  details,  ii. 
99— Coal  D,  ii.  101— details,  ii.  102,  213.  214.  215. 

New  Liberty,  Cad.  rocks,  blue,  pyritous,  it,  i.  551. 

Newlin  Township,  limest.  quarries,  i.  230 — serpentine 
belt,  i.  170. 

New  Mine,  ii.  331. 

New  Philadelphia,  syn.,  ii.  32 — Preston's  Colliery,  ii. 
118. 

Newport  Centre,  ii.  376,  384— anti.,  ii.  387 — coals,  ii. 
388,  398. 

Newport  on  the  Juniata.  9th  anti.  axis  in  Cad.  rocks, 

i.  316. 

New  Slope,  ii.  331— details,  ii.  102. 

New  Texas,  Serpentine  Barrens,  i.  171,  172. 

Newton  Hamilton,  i.  50,  426— Jler.  rock.s.  i.  137.  138, 
399— Mer.  sandst.,  i.  422— Prem.  limest.,  i.  136 — 
Prem.  rocks,  i.  399 — Sea.  grey  marl,  i.  398 — Sea. 
limest.,  i.  398 — Sea.  marls,  i.  398 — Sea.  rocks,  i.  135 
— Surg,  red  shale,  i.  398— Surg,  rocks,  i.  134. 

Newtown,  ii.  376— Bed,  u.  386. 

New  Tripoli,  Slate  Hills,  i.  249. 

Newville.  anti.  axis,  i.  257. 

New  York  and  Pennsvlvania  Coal  Co.'s  Slope  Mine, 

ii.  355. 

Niagara  limest.  fossils,  ii.  824 — group,  ii.  754. 

Nichol's  Bank,  ii.  618. 

Nickel  and  copper  mine,  ii.  1022. 

Nigger  Heads,  near  Honesdale,  i.  304. 

Nine-mile  Run,  ii.  604. 

Nmeteen-fect  Coal,  ii.  58. 

Niobrara,  ii.  771 — Fresh-water  Basin,  ii.  772. 

Nippenose  Valley,  i.  9,  126 — Creek,  Cad.  black  slate, 

i.  550 — Surg,  strata,  i.  54'j —  Oval  Valley,  Lev. 
sandsts..  i.  488— .Mat.  series,  i.  125 — Mat.  limest.,  i. 
472 — ravines,  i.  4tS9— structure,  i.  490. 

Nittany  Mountain,  i.  485,  4SS — Mat.  slates,  i.  456, 
495 — North  Terrace,  i.  486 — Lev.  grey  s;indsts.,  i. 
484 — svn.  dip,  i.  498— syn.  spur,  i.  13— Ridge,  i.  492 
—Valley,  i.  9,  116,  126,  484,  485— anticlinal,  i.  489, 
653— S.  E.  side,  i.  467— flexures,  i.  494,  495— .\ur. 
calc.  sandst.,  i.  123 — .\ur.  mag.  limest., i.  124 — axis, 

ii.  4 — detaiLs,  i.  500 — iron  ore-beds,  pipe  ore,  i.  499 — 
Aur.  limest.,  i.  470 — main  axis,  ii.  467 — Mat.  limest., 
i.  472 — Mat.  series,  i.  125— road  to  Sugar  Valley,  i. 
487,  48S — Southern  anti.,  i,  504. 

Noble's  Creek  Bank  Coals,  ii.  337. 
Nockamixon,  altered  red  shales,  ii.  686,  i.  5 — scenery, 
i.  48. 

Nodular  iron  ores  in  Upper  Coal-measures,  ii.  359. 
Noeggeratliia,  ii.  854. 

Noinenclahire  of  the  Palteozoic  strata,  ii.  749. 

North  of  Easton,  i.  94. 

North  .American  Co.'s  Mines,  ii.  146. 

Northampton  oolitic  limest.,  i.  2.3S. 

North  Beaver  Meadow  Basin,  Big  Coal,  ii.  251. 

North   Branch,   i.   120 — drainage,  i.  35  —  ralley 

scenery,  i.  37 — of  Susquehanna,  Cid.  and  Verg. 

rocks  of  the  anticlinal  belt,  i.  452. 
North  Carolina  Mesozoic  fossils,  ii.  6913 — Pliocene  and 

Pleistocene,  ii.  772. 
Nortlidale  Slope  Colliery,  ii.  415. 
North  Diamond  Bed,  ii.  119,  120,  128,  134,  147. 
North  -  east,  village  of,  org.  remains  in  the  Verg. 

strata,  i.  583. 
North-eastern  district,  i.  303. 
Northern  anthracite  coal-tield,  ii.  318. 
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Northern  belt  of  gneiss,  i.  93. 
Northern  Branch  Basin,  ii.  255. 
Northern  coal-field,  ii.  329. 
Northern  Pleistocene,  ii.  774. 
Northern  Tuscarora  Saddle,  ii.  30. 
North  Gate  Coals,  ii.  135— in  Jfiukerton's  Tunnel,  ii. 
126. 

North  Horse  Valley,  i.  114— anti.  axes.  Mat.  slates,  i. 

314,  317— Mat.  slate,  i.  321— Lev.  rocks,  i.  328— 

third  belt  of  Mat.  slate,  i.  265. 
North  Inverness  and  Victoria  coal-field,  ii.  .152. 
Northkill  Aur.  mag.  liniest.,  i.  252. 
North  Mountain,  i.  455  —  Mat.  slate,  i.  260 — Lev. 

saudst.,  i.  26u — outcrops  of  coals,  ii.  314— south-dip- 

l)ing  coals,  ii.  193. 
Northumberland,  red  sandst.  cliffs,  i.  50. 
North  Valley  Hill,  i.  181— Pri.  series,  i.  122— Pri. 

rocks,  i.  ISO,  150,  151 — Pri.  wliite  sandst.,  i.  156, 173 

— Pri.  rocks,  i.  173 — -Piimal  strata,  i.  176". 
North-west  Belt,  i.  133. 

Norwegian  Basin,  ii.  40— Orchard  Coals,  ii.  169— 

Peach  Mountain  a.xis,  ii.  39. 
Norwood,  Dr,  cited,  ii.  959, 960— quoted,  ii.  904. 
Notch  Mountain,  i.  484. 
Notches  or  passes  in  the  mountains,  i.  28. 
Nottingham  coal-field,  ii.  980. 
Novelty  Colliery,  ii.  416. 
Nucula  ?  ii.  833. 
Numulite,  ii.  769. 

Oak  Grove  Furnace,  i.  334— Cad.  sandst., i.  362 — iron 
ore,  i.  343 — Mer.  sandst.,  i.  354 — Sea.  and  Prem. 
limests.,  i.  350. 

Oakdale  Colliery,  ii.  419. 

Oak  Hill,  anti.  a.tis,  42— Coal,  Wolf  Creek,  ii.  169, 

427 — slope,  ii.  425. 
Oblique  stratification  from  suspension,  ii.  813. 
Octahedral  iron,  Safe  Harbour,  i.  187. 
Octorara  Creek,  Pri.  strata,  i.  176 — serpentine  belt,  i. 

170. 

Odd  Fellows'  Hall,  coals,  ii.  345 — Scranton,  ii.  343. 
Odontopteris,  ii.  860. 
Ohiopyle  Falls,  i.  34,  ii.  664. 

Ohio  River,  ii.  581— Basin,  i.  42,  120— structure  and 

scenery,  i.  30 — north  tributaries,  i.  577. 
Oil  Cretk,  i.  577,  578. 
Oil  Creek  Lake,  i.  39. 
Old  Breaker  Schute,  ii.  111. 
Old  Fort,  i.  493. 
Old  Tunnel,  ii.  50. 

Olean,  ii.  547 — Pon.  strata,  i.  142 — Vesp.  rocks,  i.l44. 
Oley  Township.  Aur.  limest.,  i.  200 — Furnace,  Pri. 

sandst.,  i.  193— Pri.  slate,  i.  200. 
Oliphant's  Furnace,  ii.  504,  625. 
Oliver's  Colliery,  ii.  437 — Bare  Ridge,  ii.  127 — Peaked 

Mountain,  ii.  2US. 
Onchus  Deweii,  ii.  824. 
Oneida  conglomerate,  ii.  7S8. 
Onondaga  salt  group,  ii.  754. 

Oolitic  coal-basin  of  North  Carolina,  ii.  764 — limest., 

ne.u-  Allentown,  i.  238 — examples,  i.  236. 
Open  Cut  Mine,  ii.  245. 
Opossum  Creek,  Pri.  white  sandst.,  i.  204, 
Orbicula,  ii.  818 — minuta,  ii.  826. 
Orbison's  Coal,  ii.  453. 

Orbisonia,  i.  370,  371— Cad.  black  slate,  L  427. 
Orbitoides,  ii.  769. 

Orchard  Bed,  ii.  410, 131, 141, 130— Old  Drift,  ii.  280, 
285. 

Ore,  Wheatley  Mine,  ii.  704. 
Oreodon,  ii.  771. 
Ore-pits,  ii.  726. 

Ore  sandst.  in  Stone  Valley,  details,  i.  516. 
Ores  and  minerals,  ii.  710,  712. 

Organic  remains,  ii.  694,  696.  773 — Aur.  limest.,!. 
471 — geological  age  of  Mesozoic  red  sandst. ,  ii.  760 — 
of  Missouri  coal-field,  u.  967 — ofN.  ^imeric^in  creta- 
ceous strata,  ii.  766 — ^of  the  Pala-ozoic  strata,  ii.  815 
— in  the  Pon.  rocks,  i.  30O — of  red  sandst.,  ii.  692 — 
of  red  sandst.  belt  of  Pennsylvania,  ii.  695 — in  the 
Verg.  Hag  formation,  i.  290 — Verg.  shales,  i.  298 — 
Vesp.  conglomerate,  i.  302 — near  "Waterford,  ii. 
583. 

Origin  of  iron  ores  of  Coal-measures,  ii.  737,  738 — 
Mesozoicred  sandst.,  ii.  761,  702 — the  Pri.  strata,  ii. 
780 — of  coal  strata,  ii.  805. 

Oriskany  sandst.,  ii.  755. 

Ormoceras  crebriseptum,  ii.  821. 

Orographic  regions,  i.  3. 

Orography  of  Fifth  District,  i.  39 — First  District,  i.  4 
— Fourth  District,  i.  36 — Second  District,  i.  5 — 
Third  District,  i.  32. 

Oromucto  Lake,  ii.  045. 

Orr's  Valley,  i.  403 — anti.  flexures  of  strata,  i.  475 — 
Aur.  limest.,  i.  478— Lev.  rocks,  i.  476 — Perryville, 
axis,  i.  464. 

Orthis  elegantula,  ii.  823 — pectinella,  ii.  818 — testudin- 

aria,  ii.  818. 
Orthonota  undulata,  ii.  827. 

Orthoceras  imbricatum,  ii.  823 — multicameratum,  ii. 

817— subulatum,  ii.  826 — vertebrale,  ii.  819. 
Orwigsburg  anti.  flexure,  i.  289— and  Stroudsburg 

Valley,  i.  113— structure,  i.  270,  271. 
Onvigsburg,  Surg,  sandst.,  i.  291. 
Ostrea  sellieformis,  ii.  769. 
Otodis,  ii.  769. 
Otter's  Run,  ii.  518. 

Otto  Mines,  ii.  434— White-ash  Se.am,ii.  4.3.). 
Outcrop  of  the  coals,  ii.  412— in  Sixth  Basin,  ii.  490— 


deflected  by  erosion,  ii.  930— Lower  Freeport  Coal, 
ii.  576. 

Owen,  Dr  D.  D.,  cited,  ii.  961,  965— Geological  sur- 
vev.  ii.  787. 

Owen's  Ridge,  i.  423— limest.  belt,  i.  418. 
1   Owl  Hole,  ii.  201. 
I   Oxide  of  manganese,  i.  304. 

Paclivpliyllom,  ii.  803. 

Pacific  Slope,  ii.  767. 
1  Paddy's  Mountain,  i.  481,  482— iron  ore,  i.  459. 

Paddy's  "  Path  Valley"  Mountain,  origin,  range,  i. 
1  457. 

Paddy's  Run,  ii.  48.?. 

Paine's  Tunnel,  ii.  204. 

Paint  Creek  section,  ii.  65.5. 

Painter's  Salt  Well,  ii.  005. 

Pal£eoch«rus,  ii.  771. 

Palieoniscus,  ii.  947. 

Palasontological  break  at  close  of  Mat.  period,  ii.  788— 

close  of  Pri.,  ii.  781 — horizon,  i.  63. 
PalEEOzoic  age  demonstrated,  i.  63 — denudation,  ii.  659 

— formations,  ii.  748 — region.  Eighth  District,  i.  117 

—Fifth  District,  i.  114— First  District,  Pri.  and  Aur. 

rocks,  i.  Ill — Fourth  District,  i.  113 — Ninth  District, 

i.  119— Second  District,!  lliJ—Stventh  District,  i. 
117— Sixth  District,  i.  110— structnral  features  and 
boundaries,  i.  110 — subdivision,!.  110 — Third  Dis- 
trict, i.  113 — rocks,  i.  59,  60,  61  —  Pennsylvania,  i. 
110,  111,  122— Chique's  Ridge,  i.  195— Cleavage,  i. 
102 — defined,  i.  104 — how  formed,  ii.  811— Spring 
Mill,  i.  76— strike,  near  Eastoii,  i.  245— types  of,  i. 
122,  148. 

Paliosaurus,  ii.  695. 

Palmer  Coals,  ii.  32,  113,  125,  135,  145— ,at  Milford 
Colliery,  &c.,  ii.  218 — on  Singlej's  Farm,  ii.  137 — 
thickness,  ii.  103,  414. 

P.almer's  Tunnel,  ii.  413 — details  of  coals,  ii.  215 — Grey- 
ash  Group,  ii.  103,  106. 

Panther  Creek,  anti.  origin,  ii.  51 — basin  of  the  bed, 
red-ash  coals,  ii.  62  —  coals,  synonyms,  ii.  221  — 
south  .anti.,  ii.  29 — south  boundary,  ii.  50 — tunnels, 

ii.  74 — tunnel  No.  9,  ii.  74, 75 — tunnels,  mining  de- 
tails, ii.  66 — white,  grey,  and  red-ash  coal,  ii.  69. 

Paoli,  serpentine  belt,  i.  168 — upper  Pri.  slate,  i.  ISO. 
Paradoxides  spinosus,  ii.  816. 

Parallelism  of  crust-undulations,  ii.  886— of  faults  to 

axis- planes,  ii.  897. 
Parkesburg,  Pri.  series,  i.  122. 

Pamell's  Knob,  i.  26,  336— limest.  belt,  i.  261— Mat. 

slate  belt,  i.  261— Surg,  slates,  i.  345. 
Paro.xysmal  actions  in  coal  period,  ii.  808. 
Pasco  Coal,  ii.  109,  416. 
Passes  of  the  Appalacliain  Chain,  i.  29. 
Pat  Martin  Coal,  Boar  Gap,  ii.  192. 
Path  Valley,  i.  9, 114, 318, 331— anti.  axis.  Mat.  slates, 

i.  314— anti.  belt,  ii.  4— Aur.  limest.,  i.  320  ;  ii.  4— 
Lev.  sandst. ,  i.  33:^ — Mat.  slate,  i.  321 — on  south-east 
side,  i.  323— north-west  of  the  fault,  i.  322 — tlhrd 
belt  of  limestone,  i.  202. 

Patrick's  Upper  Mine,  ii.  452. 

Patterson,  slopesnorth-westof  the  village,  details,  ii.  104. 
Patterson,  anti.  axis,  ii.  89— basin,  ii.    31,   109 — 

Colliery,  ii.  443 — Farm,  Aur.  limest.,  i.  479 — iron 

ore,  i.  479. 

Patterson  and  Jliddle  St  Clair,  anti.  axis,  ii.  32. 
Patterson's  Mill,  ii.  589— Cad.  and  Verg.  rocks,  i.  393. 
Patterson's  Valley  Mill,  Prem.  chert,  i.  388— Prem. 
limest.,  385. 

Payne's  Colliery,  Crosby  Coal,  ii.  221— Jugular  Coal, 

ii.  217. 

Pea  conglomer.Tte,  ii.  147. 

Pea  and  Nut  conglomerate,  e.ist  of  Belmont,  ii.  129. 

Peach  Bottom,  slate  belt,  i.  186,  188. 

Peach  Mountain,  axis  of  Norwegian,  ii.  39 — southern 
subordinate  saddle,  ii.  96. 

Peach  Mountain  Basin,  ii.  39,  41,  112 — details  of  the 
coals,  ii.  124 — outcrops  of  coals,  ii.  93,  142 — struc- 
ture, ii.  34. 

Peach  Mountain  Bed,  ii.  426 — belt,  subordinate  anti., 
ii.  157— Coal,  ii.  34,  94,  111,  121, 128,  142,  143,  146, 
158.  228— dislocation,  ii.  2.37— Red-ash  Group,  ii.  18 
— (Delaw.are  Mines,)  ii.  148 — Middleport,  ii.  116— 
west  of  Middleport,  &c.,  ii.  219— west  side  of  Mill 
Creek,  ii.  134— Phccnix  Colliery,  ii.  39.  174 — folded 
anti.  fle.xnre,  ii.  34— inverting  axis,  ii., 159— Kantner 
axis,  ii.  157 — Seam,  ii.  42S— Vein,  red-ash  coals,  ii 
110,  159. 

Peach  Orchiird  Goal,  ii.  117— Colliery,  ii.  428. 

Peacock  Coal,  ii.  137— Mill  Creek,  ii.  174,  219. 

Peaked  Mountain,  anti.  axis,  ii.  210— Colliery,  ii.  440. 

Peat-bogs,  ii.  845— of  North  America,  ii.  843. 

Pebbles  of  the  Mat.  strata  in  Lev.  sandst.,  i.  277 — Pri. 
strata  in  Lev.  sandst.,  i.  277 — white  quartzose  con- 
glomerate, i.  152. 

Pecopteridese,  ii.  864. 

Pecopteris,  ii.  866,  867. 

Pecquea,  i.  176 — Basin,  i.  177 — and  Conestoga  Valley, 

local  limest.  basins,  i.  217,  218. 
Pence's  Openings,  i.  490. 
Pencil  Coal,  ii.  59 — Vein,  ii.  54. 
Penn  Coal  Company,  ii.  371. 

Penn's  Creek,  F'athomless  Spring,  i.  494— Creek,  Sea. 

limests.,  i.  401. 
Pennsborough,  Sea.  marls,  i.  538 — Sea.  and  Prem. 

limest ,  i.  535. 
Penn's  Mount  ore-vein,  ii.  716 — Mountain,  Pri.  white 

sandst.,  i.  197 — Narrows,  anti.  axis,  i.  405— South 

Mountain,  i.  94— Valley,  i.  9,  116,  484— anti.  axis. 


i.  457— anti.,  i.  482— anti.  axis,  i.  493  ,  494— north 
western  anti.  axis,  i.  465 — anti.  flexure,  i.  514. 

Penu.sylvania  coal  strata,  ii.  13  —  Company's  new 
mines,  ii.  373— furnace,  of  limest.  rocks,  i.  501 — 
railroad  track,  i.  13 — Slate  Company's  quarry,  i.  248. 

Penny  Hill,  Cad.  olive  slate,  i.  455— Verg.  flags,  i.  .540. 

Pennypack  Creek,  gneiss,  i.  SO — Pri.  roclis,  i.  80 — 
Pri.  series,  i.  152. 

Pentanierus  galiatus,  ii.  825. 

Pentiemites,  ii.  833. 

Perkiomen  Creek,  ii.  681 — limest.  quarries,  i.  201 — 

Pri.  white  sandst.,  i.  201. 
Perkiomen,  faults,  i.  86 — lode,  ii.  700 — mines,  ii.  699 

—Turnpike,  i.  16.5 — anti.  axis,  i.  162 — Aur.  limest. 

quarry,  i.  199. 
Permian  age  imputed  to  N.  Carolina  Mesozoic,  ii.  697 

— formations,  supposed,  ii.  759 — rocks,  i.  60 — strata, 

Illinois  coal-field,  ii.  963. 
Perpendicular  coal,  ii.  39,  121 — Crow  Hollow,  ii.  131. 
Perpendicular  deposition,  ii.  812. 
Perry  or  Brook's  Coal,  ii.  128. 

I'erry  County,  i.  138,  139— anti.  belt,  i.  114— geologi- 
cal structure,  i.  313 — Mer.  rocks,  i.  137  —  Mer. 
strata,  i.  351 — Sea.  liniest.  i.  135,  3.30 — Sea.  and 
Prem.  limests.,  i.  345— Sea.  variegated  marls,  i.  329 
j      — Surg,  lower  or  older  ore  shale,  i.  329 — Surg,  ore 
I      sandst.,  i.  329 — Surg,  red  shale,  i.  329 — Surg,  rocks, 

i.  132,  133,  134 — upper  or  newer  ore  shale,  i.  329 — 
Verg.  shales,  i.  141— Surg,  rocks,  i.  328. 

Perry  Furnace,  anti.  axis  in  Verg.  shales,  i.  316— Cad. 
iind  Verg.  rocks,  i.  360 — Ore  Bank,  tenth  anti.  axis, 
316— Mer.  sandst.,  i.  353— Prem.  limest.,  i.  319, 
350 — ridge  of  Cad.  grey  sandst.,  i.  342. 

Perryopolis,  li.  611,  639. 

Perryville,  anti.  axes,  i.  476 — Cad.  black  slate,  i.  393 — 
Character  of  the  flexures,  i.  477— dip  of  strata,  i. 
476 — Prem.  chert,  388 — Prem.  limest.,  i.  385. 

Perseverance  Vein,  Rattling  Run,  ii.  198. 

Peter's  red-ochre  mine,  i.  200. 

Petersburg,  ii.  679,  683— and  Carlisle  Turnpike,  i. 

204 — limest.  quarry,  i.  223. 
Peter's  Mountain,  i.  21,  ii.  11— mono,  crest,  i.  14 — 

Pon.  red  sandst.,  i.  363 — Vesp.  rocks,  i.  143. 
Petherick  coal-seams,  ii.  430. 
Petroleum,  i.  583. 

Pfout's  Valley,  i.  337— Cad.  and  Verg.  rocks,  i.  391— 

Mer.  sandst.,  351 — north-west  side.  Sea.  and  Prem. 

limest.,  i.  385— to  Peter's  Mountain,  i.  345— Prem. 

chert.,  i.  389— Sea.  and  Prem.  limest.,  i.  346 — Surg. 

slates  and  Sea.  marls,  i.  380. 
Plicasant  Valley,  dip  of  strata,  i.  487 — Surg,  shales 

and  slates,  i.  485. 
Phelp's  Miue,  ii.  356. 

Phenomena  connected  with  coal-seams,  ii..799. 
Philadelphia,  climate,  i.  .55— gneissic  rocks,  i.  68— 

temperature,  i.  56 — serpentine  used  for  street-door 

steps,  i.  IfiS. 
Pliilipsljurg,  ii.  481,  531. 
Philil)sport,  ii,  5s'2. 

Phoc-iiix  lieil,  ii.  428— Colliery,  ii.  432— details  of 
coaK,  ii  171. 

Phccnix  Mines,  ii.  154,  155 — south  coal,  ii.  158,  159. 
Pliccnixville,  ii.  700 — mineral  veins,  ii.  699 — TuniieJ, 

ii.  690. 
Ph03nixville,  faults,  i.  86. 

Physical  geography  of  the  Cretaceous  Era,  ii.  767 — 
the  Eocene  Era,  ii.  770 — of  Pala?ozoic  strata,  ii.  776. 
Physical  Geograpliy,  i.  1. 

Pickering  Creek,  ii.  676,  C99— Aur.  limest.,  i.  231— 
faults,  i.  86. 

Pictorial  sketch  of  environs  of  Canonsburg,  i.  36 — 
from  Fair  View  Inn,  i.  32 — Kisliacoquillas  Valley,  i. 
10 — of  Kittatinny,  Mahoning,  and  Sharp  nionntaiiis, 
!.  9 — of  Lock  Mountain  Cove,  i.  .3u — uf  Milliken's 
Cove,  from  Dry  Ridge,  i.  12 — of  Mount  Pisg.ih,  i.  12 
— of  Mud  Turnpike,  i.  34— of  a  pass  below  Mauch 
Chunk,  i.  29 — view  of  the  termination  of  Canoe 
Mountain,  i.  13 — of  the  scenery  at  the  Delaware 
Water-gap,  i.  47  —  of  Huntingdon  from  Warrior 
Ridge,  i.  139 — of  eastern  end  of  Kisliacoquillas  Val- 
ley, i.  13— of  Lehigh  Water-gap,  i.  29— of  the  Lew- 
istown  Valley,  i.  50 — of  Miliken's  Cove,  from  Dry 
Ridge,  i.  17 — Muncy  Hills  and  White-deer  Moun- 
tain, i.  50 — of  Pittsburg,  &c.,  i.  36 — of  Susquehanna 
River,  at  the  gap  of  the  Second  Mountain,  i.  49. 

Pietou  coal-field,  ii.  948,  950. 

Picture  of  Alleghany  Mountain,  from  near  Holliday.'s- 
burg,  i.  1.3— of  Shade  and  Blue  mountains,  i.  32-^jf 
Stone  Ridge,  at  the  canal,  i.  50. 

Pigeon  Cove,  i.  411 — anti.,  i.  115 — anti.  axis,  i.  397 — 
Cad.  and  Verg.  rocks,  i.  42S — Mer.  sandst.,  i.  423 — 
Sea.  and  Prem.  limests.,  419— Surg,  marls,  414. 

Pigeon  Hills,  ii.  680 — limest.  quarries,  i.  223 — Pri. 
rocks,  i.  Ill— York  Valley,  i.  195. 

Pike  Run,  ii.  642— Township,  i.  200. 

Pilgrim  Iron-ore  Bank,  i,  268. 

Pilot  Hill,  i.  334,  34-2- anti.  axis,  i.  317. 

Pimple  Hill,  Pon.  rocks,  i.  286. 

Pine  Brook  B.asin,  ii.  .352. 

Pincbrook  Mines,  coals,  ii.  343 — subdivisions  of  the 
[      coal,  ii.  351. 

Pine  Creek,  i.  49,  457,  ii.  1.  482,  483,  4S6,  524.  525— 
anti.  axis,  i.  308 — anti.  valley,  i.  286 — Aur.  limest., 
i.  200— Bottom,  double  anti.  axis,  i.  544— Cad. 
olive  slates,  i.  550— First  Fork,  ii.  511 — gneiss 
rocks,  i.  198 — limestone  ridge,  i.  535 — Sea.,  Prem., 
and  Mer.  Surg,  rocks,  i.  544 — view  opposite  Smith's 
(iap,  i.  278. 
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Vme  Forest  Slope,  ii.  421.  I 
I'inegi'ove,  ii.  23 — Cad.  sliales  and  .=and.-!tone,  i.  2S7 —  j 

Kumace,  limestone,   .sjn.  axis,  i.  £03 — Poii.  red 

saiid.st. ,  i.  293— Pri.  rocks,  i.  204. 
Piiie-ltnot  Colliery,  ii.  443— Dauiell  Coal,  ii.  204. 
Fine  Hidge,  i.  286,  361 — axes,  i.  564 — Mer.  saiidst., 

i.  558 — Poll,  strata,  i.  364 — ridge,  i.  514. 
Pine  Kuii,  ii.  5S8. 

Pine  Swamp  Run,  ii.  407. 

Piiiey  Creek,  i.  5u6— Hill,  Pen.  rocks,  521 — Uidge,  i. 
526. 

Pinkerton's  Coal-seam,  ii.  205 — Tunnels,  Bare  llid^e, 

ii.  126 — Tunnel,  Bt  C'l;iir,  ii.  132— Upper  Tunnel,  ii. 
34. 

Pinnularia,  ii.  848.  878. 

Pipe  ore,  Nittany  Valley,  i.  4Si9. 

Pisgali  ilill.  Cad.  grey  sandst.,  i.  350 — Cad.  sandst., 

i.  361 — .Mer.  sandst.,  i.  354. 

Pismire  Ilill,  ii.  241 — Ridge,  anti.  rango,  ii.  239. 

Pittslim;;,  ii.  40:'.,  505,  630— Alleghany  liiver,  i.  .51 — 
Cual,  ii.  (104,  611,  (i34,  636,  6:i7,  03S,  642,  644,  648, 
64;i— along  the  Itedstone,  ii,  621— lied,  ii.  498, 
.503,  606,  616 — south-west  from  liidstone  Creek, 

ii.  625 — Cat  Run,  ii.  627— Cheat  River,  ii.  626 — 
— columnar  structure,  ii.  661 — tirst  sub-axis,  ii.  626. 

Pittsburg  Coal,  Greensburg,  ii.  62!)— coal  south  of 
Jacob's  Creek,  ii.  620— Lauril  Hill  Gap,  ii  626— 
Millar's  Bank,  ii.  629 — National  Turnpike,  ii.  627 — 
Newcomer's,  ii.  627 — Seam,  ii.  604,  617 — aroa  of,  ii. 
958 — coal  .south  of  Sewickley,  ii.  619 — Smithfield,  ii. 
627 — Virginia  Line,  ii.  626 — south  of  Youghiogheny, 
ii.  622— limestone,  ii.  634 — newer  Coal-aieasnres,  ii. 
19 — older  coal-shales,  ii.  19 — pictorial  sketch,  i.  36 
— sandstone,  ii.  505 — section  at,  ii.  631 — strata  at, 
ii,  6'i2. 

Pitlston,  i.  48,  ii.  3'26.  355,  .171— anticlinals.  ii.  372— 
Coal-bed,  ii.  322— Coal-measures,  ii.  361 — district, 
details  of  coals,  ii.  329— Gap,  ii.  405— 7-ft.  coal,  ii. 
:i62,  363. 

Plane  Number  2,  ii.  364—22,  ii.  363. 
Plane>ville,  ii.  375 — axi.i,  ii.  36.5. 

Plank  Cabin  Valley,  ii.  449-  Urab.  limest.,  i.  530— 

Umb.  red  shales,  i.  532. 
Plank  Road,  ii.  368. 
I'lants  of  coal  strata,  ii.  841. 

Plateaus,  benched,  ii.  918 — with  simple  escarpments, 
ii.  918. 

Piatt  Coal,  Wolf  Creek,  ii.  172. 
Platyostonia,  ii.  825. 

J'leasant  Lake,  i.  39 — Valley  limest.  quarries,  i.  227. 
Pleistocene  of  California,  ii.  773— foss.  clays,  ii.  775 — 

fresli  water  of  Western  Slates,  ii.  775— strata,  ii.  772. 
Pleurotoniaria,  ii.  833 — bilex,  ii.  820— subconica,  ii. 

819. 

Pliocene  fos.'ils.  Nebraska,  ii.  773 — strata,  ii.  772. 
l-'lumbago  C.al-bed  at  tlie  West  lirancli  Gap,  ii. 

170— Old  Mine,  Bucks  County,  i.  81— Seam,  ii.  234. 
Phinkett's  Creek,  ii.  481— Cad.  black  slates,  &c.,  i.551. 
Pliinkett's  Run,  Mer.  sandst.,  i.  547. 
PIvmnuth  Bed,  ii.  407— belt,  ii.  407— Gre.at  Bed,  ii. 

409. 

Po  Valley  anticlinal,  i.  481,  482— axis,  i.  464. 
Poebrotherium,  ii.  771. 

Pogopogo  Creek,  Verg.  and  Pon.  rocks,  i.  275. 

Pokono  Knob,  Cad.  rocks,  i.  -28.5- or  Catskill  Moun- 
tain, i.  280— Creek,  i.  2S5— Knob,  Pon.  rocks,  i.  286 
— structure,  i.  303 — Mountain,  i.  18 — Vesp.  sandst., 
i.  12— Pon.  rocks,  i.  300. 

Polecat  Valley,  i.  334,  362. 

I'lilish  Mountain,  i.  528. 

l*om<-roy  Coal-seam.  Carr's  Run.  ii.  16. 

Pond  Bank,  iron  ore,  i.  500 — furnace,  i,  267 — iron  ore- 
banks,  i.  268. 

Ponds  and  lakes,  i.  oS, 

I'onent  period,  ii.  749— red  rocks,  junction  of  Cove 
and  Licking  cieeks.  i.  4:i0  —  sandst.  between  Bel- 
mont and  .Stockpoi  t,  i.  :;oi; — between  Bethany  and 
Mossic  Mountain,  i.  304— North-west  of  H.arshey's 
Mill,  i.  430— Lewistown  Valley,  i.  400— .S.W.  of 
Littleton,  i.  430 — fossils,  organic  remains,  i.  108 — 
below  Selinsgrove,  i.  .395 — red  shale,  ii.  547 — rocks, 
i.  113,  ii.  485,  620,  546— Bald  Eagle  Valley,  i.  541, 
549 — Caskill  or  Pokono  Mountain,  299— west  and 
si)uth-west  of  Chestnut  Ridge,  i.  565 — above  Dam- 
ascus, i.  304 — on  the  Delaware,  i.  304 — from  Dela- 
ware Water-gap  to  Wind-gap,  i.  286 — near  Ellis- 
bury,  i.  142— in  Fourth  District  of  the  PahTOZoic 
region,  i.  113 — near  the  Great  I'Mdy,  i.  304— South- 
we.^it  of  Hollidaysbnrg,  i.  559— south-east  of  Hones- 
dale,  i.  304 — north-west  of  ICittatinny  Mountain,  i. 
141 — north  of  Lehigh  Water-gap.  i.  275— Litholo- 
gical  composition,  i.  299— above  Lockhaven,  i.  551 
— McKean  County,  i.  300 — in  the  north-eastern 
district,  i.  299 — northern  limit,  i.  306 — organic 
remains,  i.  300 — Perry  County,  i.  363 — Potter 
County,  i.  300 — thickness  of  the  formation,  i.  300 — 
Savage  Jlouutain,  i.  .574 — north  of  Schuylkill 
Haven,  i.  292 — scenery,  i.  287 — in  Warren  County, 

i.  300 — north-west  ol  the  Wyoming  B.asin,  i.  305 — 
sandstone.  Broad  Top  region,  i.  528 — series,  ii.  549, 
7.56 — physical  geography  of,  ii.  793 — in  Shehola 
Valley,  i.  304 — strata,  ii.  511,  517 — in  Armenia 
Mountain,  ii.  142 — Great  Aughwick  Valley,  i.  427 
— thickne.ss  of,  i.  141,  142. 

Ponent  and  Verg.  formations,  Anthracite  District, 

ii.  4. 

Poplar  Run,  Pon.  rocks,  i.  5.59. 
Porcupine,  ii.  773 — Run,  ii.  517,  518. 


Porphyritic  rocks,  i.  69. 

Portage,  i.  541 — group,  i.  756 — railroad,  i.  653 — Cad.  i 
and  Verg.  rocks,  i.  540,  541— Verg.  rocks,  i.  140, 141. 

Port  Alleghany,  i.  548.  ! 

Port  Carbon,  dip  of  rocks,  i.  37 — section,  Mill  Creek, 
Faust  Coal,  ii.  139,  149. 

Port  Deposit,  i.  49 — gneiss  rocks,  i.  190.  I 

Port  Griffith,  ii.  361 ,  373— S-ft.  bed,  ii  366— Fives,  ii. 
362. 

Port  Kennedy,  i.  675 — boimdary  of  Aur.  limest.,  i.  180. 
Port  Royal,  ii.  638. 

Porter's  Coal,  ii.  565 — bed,  ii.  563 — drift,  ii.  564 — mills, 
dips  of  the  strata,  ii.  573 — quarry,  Aur.  limest.,  ii. 
244 — Run,  ii.  537. 

Posidonia,  ii.  827.  , 

Position  of  the  State,  i.  2. 

Positions  of  the  syn.  belts  of  the  Palieozoic  strata,  i.  98. 

Post-meridian  limest.  in  New  York,  New  Jersey,  and 
North-western  States,  i.  279— grits,  i.  107— limest., 
i.  107— period,  ii.  749— rocks,  i.  113,  138— rocks 
north  of  Del.iw.-ire  ^^'ate^-gap,  i.  273 — series,  i.  755 
—series,  physical  geography  of,  ii.  791 — slates,  near 
Stroudsburg.  i.      — strata,  thickness  of,  i.  138. 

Potato  Creek,  ii.  487,  54S,  550. 

Potomac  Basin,  ii.  120— Cad.  rocks,  i.  139,  140— Cad. 
older  black  slate,  i.  399 — Cad.  and  Verg.  rocks,  i. 
540,  541— Surgent  rocks  at  Capon  axis,  i.  134 — 
marble,  i.  92, 204,  ii.  684— Meridian  rocks,  i.  137,  138 
— sandstone,  i.  399 — Prem.  limest.,  i.  136 — River- 
basin,  i.  40.  41 — River,  strata  near  Cumberland,  i. 
541 — tabulated  details,  i.  45 — Sea.  grey  marls,  i.  398 
—limestone,  thickness,  i.  398 — rocks,  i.  135 — Surg, 
rocks,  i.  132,  133.  134— shales,  thickness,  i.  398— 
slates,  i.  397 — Verg.  rocks,  i.  140,  141 — shales,  i.  1 
297. 

Potsdam  sandst. ,  ii.  751,  780. 

Potter  County,  i.  120,  ii.  486,  487— Water-shed,  i.  3.5. 

Potter's  Fort,  dips  of  limst.,  i.  494. 

Potts  Gap,  i.  371— Colliery,  west  of  Pottsville,  ii.  152 
— (G.  H.)  Slope,  ii.  414— Mine,  fault,  ii.  105. 

Pottsville,  i.  146,  ii.  23 — anti.  axis,  ii.  35 — basin,  ii.  20, 
77 — thickness  of  Coal-measiU'es,  i.  113,  ii.  6,  18 — 
character  of  strata,  ii.  235 — ^view  of,  i.  2.5 — coal-field, 
i.  114 — measures,  details,  ii.  149.  150 — group  of  ! 
rocks  between  the  Pon.  and  Vesp.,  ii.  8 — coal-basin, 
i.  113 — temperature,  i.  56— Ser.  series,  i.  146 — Vesp. 
conglomerate,  ii.  9 — Vesp.  rocks,  i.  14.3. 

Powell's  Valley,  i.  114. 

Powderly  Mines,  ii.  332. 

Powell  Lands,  ii.  249 — shafts,  ii.  255. 

Prater's  Ridge,  Cad.  slate,  i.  426 — Mer.  sandst.,  i.  422 
— Prem.  limest.,  i.  418. 

Pre-meridian  chert  in  middle  division  of  Tuscarorn 
Valley,  i.  388— limestone.  Bald  Eagle  Valley,  i.  539 
—west  of  liutfalo  Mountain,  i.  571 — Canoe  Moun- 
tain, ].  55C. — fossils,  i.  107 — Dunuing's  Mountain,  i. 
557 — west  of  Fruitstown,  i.  453 — iron  ore,  i.  410 — 
on  the  Juniata,  above  Bell's  Forge,  i.  554 — Kitta- 
tinny  Mounuiin,  i.  136 — north  of  Lehigh  Water-gap, 
i.  274— limit,  i.  409— in  Little  Cove,  i.  415,  419— 
between  Mtuicy  and  Jersey  Shore,  i.  5.36— in  Perry 
Comity,  i.  34ii— on  Pine  Creek,  i.  544 — west  of 
Dutotsburg,  i.  283 — period,  ii.  749 — rocks,  i.  113, 114 
— Black  Oak  Ridge  dip,  i.  561 — north  of  Delaw.ars 
Water-gap,  i.  272 — Lewiston  Valley,  i.  399 — Mary- 
land Line,  i.  567 — and  Sea.  liinests.  south-west  of 
McKee's  Gap,  i.  558  —  limestones  in  Wliitedeer 
Hole  Valley,  i.  456 — series,  ii.  754— physical  geogra- 
phy of,  ii.  790 — strata,  south-west  of  Bloomsburg,  i. 
451— thickness  of,  i.  136. 
Preston's,  ii.  391 — Coal,  ii.  397 — collieries,  ii.  33 — 

Main  or  North  Gate,  ii.  118. 
Price's  Colliery,  ii.  420— opening,  ii.  363. 
Pricetown,  ii.  716. 
Priestley's  Coal,  ii.  374. 

Primal  .altered  slates,  i.  152 — conglomerate,  i.  104 — 
crystalline  schists,  i.  104 — and  gneissic  strata,  &c., 
near  Spring  Mill,  i,  164 — (Great  Lower)  group, 
west  of  the  Sehnvlkill  River,  i.  157 — iron  oie.s,  ii. 
720,  721— lower  ^hite  on  the  Schuylkill,  i.  122— 
newer  sliite,  near  Keuip's  Inn,  i.  200 — older  slate, 
i.  104 — crystallisation,  i.  158 — near  Maurer's  Inn. 
i.  199 — on  Wissaliickon  Creek,  i,  72 — period,  ii, 
749 — physical  geography  of,  ii,  77,9 — rocks,  i.  113,  ii. 
4 — anti.  belts,  i.  10;i — soutli  of  Attleborough,  i.  152 
— Barren  Hill,  i.  161  —  south  of  Chester  County 
Valley,  i.  154 — Cliiques  Ridge,  i.  193 — in  Chester 
and  Montgomerv  counties  Valley,  i.  Ill  —  Chest- 
nut Hill,  i.  242,  423— south  of  Creitz  Creek,  i.  184— 
exposures,  i.  156 — in  the  tirst  or  south-eastern  dis- 
trict of  the  Palaeozoic  region,  i.  111 — near  (iulf 
Creek,  i.  168 — from  Jones's  Mine  to  Pine  Creek,  i. 
179 — Mine  Ridge,  i.  176 — ne.ar  Neffsville,  i.  179 — 
Neversink  Hill.  i.  103 — northern  outcrop,  i  154 — 
Parkesburg,  i.  175, 176 — west  of  the  Schuylkill,  i.  156, 
185 — in  the  South  Mountains,  i.  200 — South  Moun- 
tains, i.  112 — sonthern  trough,  i.  151 — S.E.  of  Storms- 
town,  i,  ,501  —  Susqueli.anna  River,  i.  185 — S.W. 
of  the  Susquehanna,  i,  2ii4 — cast  of  Valley  Forge, 
ciinipo«ilinn,  limits,  i  i8ii — north  of  Walnut  Town, 
i,  197  - W  ei  ll  iMiaintain,  i  i 78— details  of  Willow 
Grove  districts,  i,  160 — Willow  Grove  Turnpike,  i. 
160 — York  County,  i.  192 — sandst.  bordering  the 
Chester  County  Valley,  i.  181 — in  Barren  Hill,  i, 
16-2 — P.ueks  and  Montgomery  counties,  i.  151 — 
Chiijues  Ridu'c.  i,  194 — between  the  Delaware  and 
Schuylkill,  i  196— near  Keeley's  Old  Stand,  i.  200— 
I      Lehigh  Hills,  i.  97— south  of  the  Little  Lehigh,  i 


197— east  of  Maurer'.s  Inn,  i.  199— south-east  of 
Metztown,  i.  197 — on  Schuylkill,  i.  122 — southern 
outcrop,  i.  166 — east  of  .Springtown,  i  234 — Pott'.s 
Forge,  i.  200— slates  in  insulated  tracts  of  limest., 
i.  226,  227,  228,  229— series,  ii.  751— Chester  County, 
i.  231 — foot  of  Jlouut  Sorrow,  i.  180 — in  Peach 
Bottom,  i.  189 — injection.s  of  serpentine,  i.  63,  169. 
172 — and  Aur.  limestone,  i.  258 — cleavage,  i.  102 — 
Montgomery,  Chester,  and  Lancaster  counties,  i. 
60 — west  of  the  .Schuylkill,  i.  156 — series,  southern 
belt,  i  150— strata,  Adams  County,  i.  123 — of 
Atlantic  Slope,  i.  149— Durham  Hill,  i.  99— from 
Marietta  to  Havre-de-Giace.  i.  184 — Mill  Creek,  i. 
179— Montgomery,  i.  160,  162 — west  of  the  Schuyl- 
kill, i.  153— near  .Spring  Mill.  i.  164,  165— syn.  belt, 
i.  84 — thicknesses  of,  i.  122,  123 — its  unconformity  to 
the  Gnei.ss,  i.  99— west  Nantmeal  Township,  i.  84 — 
upper  slate,  in  Barren  Hill,  i.  123 — Chiques  Ridge, 
i.  194 — fossil,  i.  104 — white  sand.st.,  i.  162— fossils, 

i.  104— fourth  belt  of  Aur.  limest.,  i.  2'i9 — in  insu- 
lated tracts  of  limest.,  i.  226.  227,  228,  229 — in  iron 
ore-bank  of  Chestnut  Hill,  i.  182 — of  Montgomery, 
Chester,  and  Lancaster  counties,  i.  60^North 
Valley  Hill,  i.  156,  173— white  sandst.,  Welsh 
^louutains,  i.  156. 

Primary  Appalachian  'Water-slied,  i.  39 — rocks, 
ancient  detinition,  and  later  emendations,  i.  62 — 
water-shed,  i,  40. 

Primrose  Coal,  ii.  121,  130,  131, 142— E.ast  Norwegi.an, 
4:c.,ii.  217— Mill  Creek,  ii.  134— north  of  Wades- 
ville,  ii.  38 — west  of  Saint  Clair,  ii.  87 — Hill,  ii. 
154 — anti.  axis,  ii.  152,  153 — Seam,  ii.  424 — slopes. 

ii.  140,  4"23 — Vein,  anti.  flexures,  details,  ii  38. 
Prince  Edward  Island,  ii.  693. 

Procamelus,  ii.  773. 
Productus,  ii.  S33— hirsutus,  ii.  828. 
Progress  and  types  of  life  proved  by  foot-prints,  ii. 
832. 

Progressive  flattening  of  flexures,  ii.  895— expansion 

of  flexures,  ii.  893. 
Proportion  of  volatile  matter  in  coal  of  Appalachian 

basins,  ii.  808. 
Prospect  Hill,  ii.  36 — Academy  Serpentine,  i.  170. 
Protomeryx,  ii.  771. 
Proved  cual,  ii.  59 — vein,  ii.  55. 
Proving  coal-seams,  ii.  1009. 
Psaronius,  ii.  869. 

Puddingstone  at  the  b.ase  of  Durham  Hills,  i.  ICO. 
Pulpit  Rocks,  i.  50,  520. 
Piunping-engine,  ii.  445. 
Punxutawney,  ii.  484,  485,  586. 

Pyniatuning  Ridge,  iron  ore,  i.  585 — Swamp,  i.  39 — 

Swamp,  calcareous  marl,  i.  586. 
Quaker  Ilill,  ii.  657 — Mer.   sandst.,   i.   361 — .Mer. 

sandst.,  i.  354 — Sea.  and  Prem.  limest.,  i.  350 — 

ridge  of  Surg,  rocks,  i.  342 — Run,  ii.  288 — coals,  ii. 

288,  291. 

Quantity  of  coal  in  different  coal-fields,  ii.  1017. 

Quarries  in  the  Aur.  limest.,  i.  213 — of  blue  porphy- 
roidal  gneiss,  i.  79 — of  gneiss  in  Hi  st  belt  of  Soutlieru 
Zone,  i.  70 — of  roofing-slate  near  Delaware  Water- 
gap,  i.  247 — in  the  southern  belt  of  Pri.  sandst.,  i 
153. 

Quartz  along  the  Tulpebocken,  i.  2S4. 
(iuartzose  rocks,  i.  72. 
tiueen  s  Run,  ii.  481,  527. 
(Question  of  age,  ii.  093. 
Quick's  coal,  ii.  377. 

Quiggle's  jMill,  Cad.  black  slates,  itc,  i.  551. 

Qniiiley's  Hollow,  basin,  ii.  31. 

Rabbit-hole  CoiU,  Oliver's  Colliery,  ii.  127,  1.".9.  140 
— Bettinger's  Mines,  ii.  177 — at  Oliver's  Colliery, 
Be;ir  Ridge,  ii.  221 — Salem  Colliery,  ii.  175. 

Racket  Brook,  ii.  331. 

Racoon  Creek, ii.  490,  569— Red-shale  Valley,  ii  '242. 

Kacooii  Ridge,  i.  528 — Cad.  grey  sandst..  i.  350" — 
Cad.  sandst.,  i.  337 — Prem.  limest.,  i.  346— struc- 
ture, i.  357 — third  anti.  axis  in  Post-mer.  rocks,  i. 
314-— Verg.  shales,  i.  357 — Valley,  belt  of  limest. ,  i. 
Si6 — Surg,  rocks,  i.  314 — Mer.  sandst.,  i.  351 — 
Surg,  rocks,  i.  337 — railroad  Iron-ore  Bank.  i.  268. 

Rain  at  Carlisle,  i.  56  —  Philadelphia,  i.  56  —  at 
Philadelphia  and  Pittsburg,  i.  56 — averages  for  the 
year,  i.  56 — in  Central  States,  i.  57 — in  first  dis- 
trict, i.  5 — at  Fort  MifHin,  i.  57 — at  Lambertsville, 
i.  57 — of  Pennsylvania,  New  Jersey,  and  East.  New 
York,  i.  56 — at  Carlisle,  i.  57 — at  Pittsburg,  i.  57 — 
extreme  quantities,  i.  50 — Gulf  of  Mexico,  i.  66. 

Rainbow  Colliery,  ii.  420. 

Rainsburg,  Aur.  rocks,  i.  508. 

Kalston,  ii.  512,  514,  615,  516— coal-field,  ii.  4S2,  513 
— Pon.  strata,  i.  142 — Old  Mines,  Serai  series,  i.  148 
— L^rab.  series,  i.  145. 

Ramsay's  Run,  ii.  511. 

Ramyskill  Cascade,  i.  280. 

Randolph  Tunnel.  Sharp  Mountain,  ii.  140. 

Rankin's  Clover  Mill,  i.  325. 

Rai>histoma  staminea.  ii.  817. 

Ratchfte  Mine,  ii.  '2i6 — and  Co. 's  slope,  ii.  99— new 

slope,  ii.  245. 
Rathfon  Ore-banks,  i.  21S. 
Rattlesnake  Run.  ii.  534. 

Rattling  Run  Basin,  Broad  Mountain,  ii.  224  ,  226 — 

Gap,  i.  490— coal  strata,  ii.  197. 
Rjiu  and  Co.'s  Boring,  ii.  300. 

Rausch  Creek,  ii.  182,  439  —  coal-beds.  ii.  47  —  coal 

strata,  ii.  165,  166- red-ash  coal,  ii.  184. 
Rausch  Gap,  anti.  axis,  ii.  27 — section,  ii.  195. 


INDEX. 


1041 


Raven  Coal-seam,  ii.  415. 

Ravensdale,  ii.  'ii,  419 — Hollow,  sandstone  and  con- 
glomerate, ii.  94— sandstone  quarry,  ii.  130 — Tunnel, 
ii.  130— Primrose  Coal,  ii.  217. 

Raven  Slope,  ii.  415. 

Ravine  Coal,  ii.  Ill,  112. 

Ravines  in  raonoclinal  strata,  if.  930. 

Raystown  branch  of  Juniata  River,  i.  50,  564. 

Re'bersburf;,  i.  4S4,  485— cavernous  limestone,  i.  4!)2. 

Red-a~li  coal,  ii.  7.'),  147 — Donaldson  Basin,  ii.  181 — 
Jliddleport,  ii.  115— Sharp  Mountain  Basin,  ii.  37 
— Buckville,  ii.  102— Coal  Run  Basin,  ii.  305— 
Gate  llidge,  ii.  37— Hoover's  lands,  ii  3S7— Little 
Sclmylldll,  ii.  227— Little  Schuylkill  Valley,  ii.  71— 
Measures,  basin  C  D,  ii.  S7— basin  F  H,  ii.  112 — 
Mill  Creek,  ii.  230— Panther  Creek  Valley,  ii.  67— 
Panther  Creek  Tunnel,  ii.  75 — Good  Spring  Creelv, 
ii.  184— Litile  Lick  Mountain,  ii.  1S5— Silver  Creek, 
ii.  228 — Taniaqua,  ii.  7(i— on  West  Branch  and 
Wolf  Creek,  ii.  231— Cockle's  Coal,  ii.  173— Slope 
Coal,  ii,  10.4. 

Red  Bank  Creek,  ii.  486,  492,  583,  5S5. 

Red  Hill,  ii.  680— anti.  flexure,  i.  280. 

Red  Mountain,  ii.  36 — axis.  ii.  166,  173— coal-bed, 
ii  235 — and  Gate  Ridge  anti.  axis,  ii.  47 — section 
of  coal  strata,  ii.  1S4. 

Red  Kidije,  ii.  305— anticlinal,  ii.  2S6— coal-seams,  ii. 
293— tunnel,  ii.  285,  2,^6. 

Red  Run,  ii.  514,  515— Ralston,  ii.  470. 

Red  Shalo  Cove,  anti.  axis,  ii.  269— Hollow,  ii.  241 — 
rocks,  Swamp  Creek,  ii.  242— and  sandst.  in  Vork 
and  Adams,  ii.  677 — Valley  of  the  Catawissa,  ii. 
248. 

Redstone  coal,  ii.  505 — bed  section,  ii.  625. 

Redstone  Creek,  ii.  5116,  612,  623,  624— section,  ii.  644. 

Reese  Davis  c(«ls,  ii.  430. 

Reinliardi's  Run,  Coal  E,  ii.  79 — details  of  coals,  ii. 

214,  215— dip  of  Coal  D,  ii.  78— property,  ii.  101— 

tunnel,  ii.  213. 
Relative  [iroperties  of  coal,  tabulated,  ii.  1000. 
Renfrewshire  coal-field,  ii.  984. 
Rennie  Coal,ii.  308. 
Rennies  cotta^^e,  coals,  ii.  314. 
Repplier's  Colliery,  ii.  442 — tunnel,  ii.  273. 
Reptiles  of  red  sand.st.,  ii.  695. 
Reptilian  fooipriiits,  ii.  833. 
Requisites  of  good  coal  for  steam,  ii.  999. 
Re.,uiu^  of  laws  of  structure,  ii.  912,  916. 
Revision  of  southern  anthracite  field,  ii.  413. 
Rejnoldsville,  ii.  544,  545. 
Reynolds  and  Shuiik's  Furnace,  ii.  585. 
Rhenu's  Furnace,  ii.  563. 
Rhinoceros,  ii.  771,  773. 

Rhoad's  Camp  section,  ii.  65.5 — quarry,  i.  153. 

Rhume  Run,  .anti.  axis.  ii.  50,  51,  54, — anticlinal,  ii. 
2y — .Mines,  ii.  66 — Ravine,  ii.  54 — 28-feet  coal- 
seam,  ii.  56. 

Rhyncipnella  nohilis,  ii.  825. 

Ribbons  in  Mat.  slate,  i.  248. 

Rich.•l^d^on's  Ct)lliery,  ii.  442. 

Richfield,  Lev.  roclis,  i.  368 — liraest.  belt,  i.  383— 

Surff.  rocks,  i.  374. 
Richmond  coal-field.  Cape  Breton,  ii.  951. 
Riddle  Mine,  ii.  456. 

Ridge  Gate  Coal,  ii.  140— Rid-e's  Quarry,  i.  153. 
Ridge  Turnpike,  i.  7.3. 
Ridgwav,  ii.  487. 
Ridley  Creek,  i.  70,  168. 
Rieflfs  Mill,  i.  200. 

Ripple-niarks,  ii.  831 — Ulilersville,  limest.  quarry,  i. 

99 — in  Verg.  flags,  i.  296 — in  Verg.  flags,  Erie  and 

Crawford  Counties,  i.  581. 
Rising  Mountain,  i.  232 — Lev.  roclis,  i.  315 — Lev. 

strata,  i.  340— Snrg.  slates,  i.  339. 
Ritter's  Jline,  ii  724 — ore-bank,  ii.  72.3. 
River-basins,  i.  40 — oftlie  Atlantic  system,  i.  41 — syn. 

axis,  ii.  ,379— Wilkesbarre,  ii.  380. 
River.s  in  First  District,  i.  4. 

River-cliffs  in  Fir.st  District,  i.  5 — Hill,  iron  ore,  i. 
218 — scenery,  First  Di-strict,  i.  5 — of  Pennsylvania, 
i.  47. 

River  system  of  the  Alleghany  River,  i.  46 — of  the 
Delaware  River,  i.  43 — of  the  Potomac  River,  i.  45 
— of  the  Susquehanna  River,  i.  44. 

Roan  Coal,  Hohrer's  Mine.s,  ii.  203. 

Roaring  Brook,  ii.  319— Ba.'^in,  ii.  346,  348,  349— 
coals,  ii.  338,  34.5 — Falls,  near  Scranton,  ii.  360. 

Roaring  Creek  V;illey,  i.  115,  ii.  11. 

Roaring  Run,  i.  2li0. 

Robbsto  .n,  ii.  637. 

Robeit's  Cieeli,  coal  outcrops,  ii.  263 — shaft,  ii.  262. 
Rocher's  Farni.  band  of  limest.,  i.  251. 
Rockland  Tiiwn,  ii.  571. 

Rocks  of  mechanical  origin,  ii.  797 — above  the  Pitts- 
burg Coal,  ii.  619,  623,  628,  640. 
Rocktown,  ii.  687. 

Rocky  Falls,  i.  233— Ridge,  ii.  450— Mer.  sandst?., 
i.  515,  519,  522— Sea.  linie.st.,  i.  517. 

Rock  Run,  i.  84,  8.5 — I'ri.  while  sandst.,  i.  189— 
Hills,  I'on.  rocks,  i.  548. 

Rockland  Township,  belt  of  gneiss,  i.  97. 

Rocks  embraced  in  Pennsylvania,  i.  ,59 — in  Sixth  Dis- 
trict of  Palaeozoic  region,  i.  116— of  the  South  Moun- 
tains, i.  95. 

Rogers,  Prut'.  W.  B.,  discovers  paradoxides  in  Eastern 
Massachusetts,  ii.  816— on  Mesozoic  fossils,  ii.  696 
— on  origin  of  iron  ores,  ii.  737. 

Rohier's  Colliery,  ii.  447 — mines,  coal-beds,  ii.  209. 
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Rohrersville  Colliery,  Peaked  Mountain  anti.,  ii.  210 

—coals,  ii.  210. 
Rolling  Mill  Dam,  ii.  346. 
Roof  of  the  coal,  ii.  803. 
Root  in  Umb.  .sandst,  ii.  830. 
Ross  Hill,  ii.  4117,  409. 
Ross's  .Mines,  Solomon's  Gap,  ii.  395. 
Rnsstown.  ii.  688. 

Roth's  Mill  to  Pine  Creek,  gneiss  i-ocks,  i.  198. 
Rotten  coal,  ii.  57. 
Roudenbush  Mine,  ii.  716. 
Rough  coal,  ii.  128. 

Riiugh's  Mill,  ridge  of  Cad.  black  slate,  i.  409. 

Round  Islands,  ii.  483 — knob  section,  ii.  459— top,  ii. 
454,  687,  i.  249 — anti.,  i.  33'2 — anti.  a.vis,  i.  315 — 
knob,  Sur.  iron  sandst.,  i.  339— Surg,  slates,  i.  340 
— svn.  knob,  i.  332. 

Rowland's  Coal,  ii.  58,  66. 

Roxbury  Bank,  ir.in  ore,  i.  268— Lev.  sandsts.,  i.  335. 
Kug-le's  Creek,  ii.  384. 
Run  Gap,  i.  330. 
Rusopliims  bilobatus,  ii.  822. 
Riitiodon,  ii,  695. 

Rye  Township,  Cad.  and  Verg.  rocks,  i.  359. 
Saddles  and  basins,  ii.  91. 
Saddleback  Uidije,  i.  427. 
Saddler's  LiiiK-kilns,  i.  350. 

Safe  Harbour  Iron-ore  Pits,  i.  218 — trap-rock,  i.  186, 
Saint  Clair  (South),  anti.  axis,  ii.  32— (North)  basin, 
ii.  31. 

Saint  Lawrence,  lacustrine  tracts,  i.  38. 
Saint  Marv's,  ii.  542,  562,  707. 
Salem  Coal,  ii.  221. 

Salem  Collierv.  ii.  175,  4:;3— eastof  Pottsville,ii.  152— 

Red  Mountain  a\i-.  li  17;; 
Salem  group  of  i-nal.^,  ii.  141 — Hollow,  Rabbit  Hole 

Coal,  ii.  221 — section,  ii.  151 — slope  mines,  ii.  37. 
Salisbury  Hasin,  ii.  494,  505. 
Salisbury  sectitm,  ii.  41*9 

Salona,  cellular  ore,  i  4:)9— pale  blue  sandst.,  i.  495. 
Saltp  tiv  Hoiks,  ii.  4.".7 

Salt  M'ell,  Elk  l,u-k  Cre.  k.  ii.  651— Works,  ii.  597. 
Saltzhur,L^  ii.  4S5,  .^02,  5;i9 — division  of  first  basin,  ii. 

6.50— section  at,  li.  601. 
Samh.i  CrveU.  ca-.a.ie,  i,  280. 
"  Saini  (  111 iMiiH  ■■  in  Si  rpeiitine  Barrens,  i.  171. 
Saniliis  (        111,.,',  Run,  h.  206— Colliery,  ii  206— 

Ju  ■nl,'  r  ('u:,l,  ,i  •J17, 
Sandrnck  Cual,  ii.  125,  120,  129,  145,  162— west  side 

of  Mill  Creek,  li  -JUI. 
Sandrock  gi  uup  of  e(ial.<i,  ii.  144 — Slope,  ii.  130. 
Sandstones  at  Buck  Ridge  and  Peaked  Mountain,  ii. 

212. 

Sandstone  quarry,  Ravensdale,  ii.  130. 
Sandy  Creek  Furnace,  ii,  562 — iron  ore,  i.  585. 
Sandy  L:ik",  ii.  662,  .573. 
Sandy  Lick  Run,  ii.  4S4. 

Sandy  limest.,  Sugar  Valley,  i.  492 — Ridge,  i.  419, 

423 — Preni.  limest..  i.  352. 
Sandy  Run,  ii.  461 — Pri,  rocks,  i.  156 — limest.  quarry, 

i.  2"l3— Mer.  sandst.,  i.  419— Prem.  limest.,  i.  419. 
Sandy  shales,  i.  60. 
Sarah  Furnace,  dip  of  strata,  i.  558. 
Saucon  Creek,  i.  101— belt  of  gneiss,  i.  96 — East 

Branch,  i.  96— Mines,  ii.  726  —  South  Branch, 

gneissic  ridge,  i.  100,  101 
Savage  Mountain,  ii.  504 — Basin,  ii.  505 — Pen.  rocks, 

i.  573,  574. 
Sawkill,  cascade,  i.  280. 
Sawmill,  ii.  333. 
Saxicava  rugo.sa,  ii.  775. 

Scalent  grey  marls,  i.  106  —  Kittatinny  Mountain, 
i.  135. 

Scalent  limestone.  Bald  Eagle  Valley,  i.  5.39— Buffalo 
Valley,  459 — Canoe  Mountain,  i.  556  —  Perry 
County,  i.  346 — fossils,  i.  107 — iron  ore,  i.  410 — 
Kittatinny  Mountain,  i.  .35 — Lewistowu  Valley,  i. 
401— Mifflintown,  i.  135— Montour  Ridge,  i.  451 
—Pine  Creek,  i.  644 — .south  of  Moon's  House,  i.  456 
—Stone  Valley,  i.  517. 

Scalent  mails,  Hunning's  Mountain,  i.  557  —  and 
limest.  ahiii,'  lllne  Hidge,  i.  413 — Lewistown  Valley, 
i.  398— Tn  .  M-ni  \  alley,  i.  379. 

Scalent  ptrioil,  ii.  719 — rocks.  Bald  Eagle  Mountain, 
i.  536— south  of  licdiord,  i.  .566— Little  Scrub  Ridge, 
i,  415 — .M  o  vland  line,  i.  567 — near  Millhall,  i.  545 
—  north  of  Lelii;;li  Water-gap,  i.  274. 

Scalent  and  Prem.  limestones,  i.  383 — Lewistown 
Valley,  i.  416— Woodcock  Valley,  i.  .5-22. 

Scalent  and  Prem.  rooks,  i.  384 — Pine  Ridge,  i.  558. 

Scalent  series,  li.  754 — physical  geography  of,  ii.  789. 

Scalent  strata  from  Muncy  to  Milesburg,  i.  542 — 
tliicknes>cs  of,  i.  134,  136. 

Scalent  and  Surg,  strata,  Buckatown  Mountain,  i. 
561 — variegated  marls,  fossils,  i.  106 — near  Tusca- 
rora  Mountain,  i.  135. 

Scenery  from  the  Alleghany  Mountain,  i.  34 — of  the 
anti.  valky  s,  i,  30— fr.mi  top  of  Blue  Hill,  i.  31— 
of  broad  valUys  of  complex  structure,  i.  31 — Cata- 
wissa and  Bloouisburg,  i.  31 — commanded  by  anti. 
mountains,  i.  19 — commanded  by  syn.  coves,  i.  17 
— Delaware  River,  i.  47 — from  tiie  ends  of  the 
exterior  co;,l-hasins,  i.  23 — from  the  ends  of  the 
interior  coal  basins,  i.  24— of  the  Fiftli  District,  i. 
.39— Fii  st  District,  i.  4— from  Fox  Hill,  i.  3'2— of  the 
Fourth  District,  details,  i.  37 — .along  the  Juniata, 
1.  31,  32— along  the  Juniata  River,  i.  .50— of  Kitta- 
tinny Valley,  i.  7 — from  Laurel  Hill,  i.  34 — of 


mono,  valleys,  i.  31 — in  mountain-chain,  i.  1.9 — of 
mountain-crests,  i.  25  —  in  mounlain-jiasses  or 
notches,  i.  28 — between  Pittston  and  Nanticoke,  i. 

31 —  from  Red  Hill,  i.  32 — of  Second  Distiict,  i.  6 — 
from  Shade  Mountain,  i.  20 — along  Susquehanna 
River,  i.  48 — details,  i.  49 — from  syn.  mountains,  i. 
22— of  syn.  valleys,  i.  30— of  Third  District,  i.  32— 
from  Tuscarora  Mountain,  i.  20 — in  valleys  of  the 
Appalachian  Zone,  i.30 — valley  of  the  Delaware,  i. 

32 —  from  western  spur  of  Welsh  Mountain,  i.  179. 
Schell's  Coal,  ii.  452. 

Schenck's  Ferry,  i.  217. 

Sclileppy's  Farm,  ii.  398— section  at,  ii.  400. ' 
Schollenberger's  Colliery,  ii.  429— Glendower  Colliery, 

ii.  446. 
Schooley's  Drift,  ii.  36.3. 
Scliupp's  Creek,  ii.  407. 

Scliuyer's  Limest.  Quarry.  Frencli  Creek,  i.  232. 

Schuylkill,  Aur.  magnesian  limest..  i.  124 — Falls, 
porphyritie  gneiss,  i.  69— quarries  of  gneiss,  i.  70 — 
gnei>sic  region,  northward,  i.  78,  7'.i — Haven,  anti. 
flexure,  i.  289— Surg,  red  shale,  i.  -^91- Mer.  rocks, 
i.  278 — middle  district  of  southern  coal-basin,  ii. 
84  —  micaceous  and  hornblendic  gneiss,  i.  71  — 
Mountain,  i.  290— Cad.  and  Verg.  rocks,  i.  29'2 — 
Pri.  white  sandst.,  i.  150 — pictorial  section,  i.  b— 
Prem.  limest.,  i.  278— Pri.  series,  i.  122,  154,  155— 
below  Reading,  Pri.  series,  i.  123— River,  i.  4 — 
Basin,  i.  41— gneissic  belt,  i.  70— limest.  valley,  i. 
162 — serpentine  rock,  i.  167 — Valley,  gneLssic  rocks, 

i.  67 — gneiss  near  the  hend,  i.  74— noriliern  belt,  i. 
94 — and  Swatara  district,  ii.  26 — section  through 
Summer  Hill,  i,  292 — Umb,  rocks,  ii.  10. 

Schwartz  Knob,  syn.  ii.  400. 
Sclou.gh's  Mine,  ii.  724. 
Scolithus  linearis,  i.  63,  ii.  780,  815. 
Scolopendrites,  ii.  868. 

Scott  Tract,  coals,  ii.  289— and  Hunter  Tracts,  ii.  307. 
Scotch  coal-fields,  li.  982. 
Scotch  Valley,  i.  555. 

Scranton,  Serai  series,  i.  147,  ii.  325 — Basin,  ii.  351 — 
District,  Coal-measures,  ii.  338 — coals  of,  ii.  329 
— lower  Coal. measures  of,  ii.  354 — iron  ores,  ii. 
357— Roaring  Brook,  ii.  320— undulations  of  the 
strata,  ii.  342. 

Scrub  (irass,  li.  490— Creek,  ii.  57.3 — coal-bed,  ii.  491. 

Scrub  Ridge,  i.  17,  115— Cad.  and  Verg.  rock.s,  i.  .394 
— Cad.  and  Verg.  strata,  i.  429— Surg,  rocks,  i.  382 
—  Ihiih.  limest.,  i.  530. 

Scull's  Hill,  i.  253. 

Scull's  Run,  ii.  571. 

Searching  for  coal,  ii.  1007. 

Second  basin,  north-west  of  Alleghany  Mountain, 

ii.  482 — bituminous  coal  region,  i.  i20 — traced  to 
Carabiia  County,  ii.  633 — west  to  Pine  Creek,  ii. 
511. 

Second  belt  in  the  anthracite  coal  region,  i.  118. 

Second  coal-hasiii,  ii.  514 — Ligonier  Valley,  ii.  497. 

Second  iMonntain,  i.  292 — Pass,  i.  29 — Pon.  and 
Vesp.  rocks,  i.  289 — River  Pass,  pictorial  sketch,  i. 
29— Susquehanna,  i.  143 — Vesp.  rocks,  i.  143. 

Second  subdivision  of  third  coal-basin,  ii.  628. 

Second  Twin  Coals,  ii,  79,  SO— second  zone,  i.  66. 

Section  A,  along  the  Delaware  River,  i.  98 — of  Ap- 
palachian chain,  ii.  895 — through  Coatesville,  &c., 
1.  174. 

Seigler's  Mine,  ii.  725. 

Seip's  Tavern,  diluvium,  i.  96. 

iselinsgrove,  anti.  axis,  i.  372 — nearSelinsgrove,  i.  138 
— Cad.  and  Verg.  rocks,  i.  391— Cad.  older  black 
slate,  i.  3.99 — Surg,  marls,  i.  374 — Susquehanna, 
Cad.  lower  black  slate,  i.  138. 

Selkirk  or  Oliver's  Bear  Ridge  Tract,  ii.  220. 

Selkirk  Coal,  Salem  Colliery,  ii.  175. 

Sellard's  ore,  ii.  617. 

Semi-anthracite,  ii.  993. 

Semi-bituminous  coals,  ii.  990. 

Serai  conglomerate,  i.  118,  577,  ii.  49,  360,  412,  487, 
496,  509,  .554,  5.07,  567,  583— anthracite  districts,  ii. 
21— Broad  l  op.  ii.  449— character,  i.  109— Coal  Run 
Ridge,  ii.  274,  275,  292 — elevation  at  Tamaqna,  ii. 
106 — general  characters,  ii.  16 — HertzoH's  llolloiv, 
i.  147 — Locust  Mountain,  ii.  265 — Jlill  CieeU,  ii. 
201— Red  Ridge,  ii.  287— Scranton,  ii.  ::38— Tarn- 
aqua,  ii.  76— thicknesses  of  i.  146,  148 — Wyoming 
and  Lackawanna  coal-field,  ii.  32n. 

Serai  period,  ii.  749. 

Serai  rocks,  bituminous  coal  region,  i.  119. 
Serai  sandst. ,  ii.  546. 

Serai  series,  ii.  768 — at  Maucli  Chunk,  i.  146 — in 
Shamokin  Gap,  i.  147. 

Serpentine  Barrens,  dykes  of  trap-rock,  i.  169 — belt, 
i.  189— near  the  Paoli  Hotel,  i.  168— Schuylkill,  i. 
167 — near  the  State  line,  Lam  aster,  i.  171 — Union- 
ville  Barrens,  i.  170 — Fourth  Tr.ict,  i.  Iii9 — and 
hornblendic  gneiss,  John  Gheen's  Farm,  i.  168 — 
Ridge,  specimens  of  minerals,  i.  172 — strata,  near 
the  Susquehanna,  i.  172. 

Serrill's  Lower  Tunnel,  details,  ii.  ITl — Stven-feet 
Coal,  ii.  171— Tunnels,  Black  Heath  Coal,  ii.  216— 
Black  Valley  Coal,  ii.  217— Upper  Tunnel,  ii.  430— 
details,  ii.  171 

Server's  Coal,  ii.  401. 

Seven-feet  Coal,  ii.  ,363— at  Lawton's  Old  Colliery 

Gap,  ii.  202— Seam,  ii  341,  366. 
Seven-mile  Narrows,  i.  482. 

Seven  Mountains,  i.  15,  483— anti.  knobs,  i.  453 — 
character  and  dip  of  the  strata,  i.  486 — knobs, 
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Lev.  wliite  sandst.,  i.  515 — Mat.  slates  north  of  I 
Tliomjison's  Tavern,  i.  480  —  ranjje  of  tlie  second 
and  third  ridges,  i.  485 — subordinate  anti.  flexures, 
i.  4(;5. 

Sewickley,  ii.  606— coal,  ii.  499,  505,  62S,  CM. 
Sewickley  Creek,  ii.  501,  504,  604— section,  ii.  618, 6.3S, 
640. 

Seyler's  Foundry,  ii.  545. 

Seymour  coal-beds,  ii.  336. 

Sliade  Furnace,  ii.  656. 

Shade  Gap,  i.  371— ore  sandst.,  i.  380. 

Sliade  Mountain,  i.  11,  12,  115.  362,  371,  377,  396— 
anticlinal,  i.  115 — anti.  axes.i.  372 — belt  of  linicst., 
i.  383— curvature  in  tlio  niountiiin,  i.  403 — details, 

i.  367 — gaps  in  the  south-east  crest,  i.  368 — Millers- 
town,  i.  345 — soutli-east  base,  Mer.  sandst.,  i.  388 
— round  tops,  i.  368 — ridge  of  Cad.  sandst.,  i.  394 — 
south-east  slopes  Lev.  sandsts.,  i.  372 — scenery,  i. 
20 — Surg,  rocks,  i.  374— Surg,  slates  and  Sea. 
marls,  i.  380. 

Shades  of  Death,  i.  287. 
Sliady  Run,  ii.  595. 

Slia-ffer's  Vallev,  i.  335 — axes  in  tlie  Surg,  shales,  i. 

316— structure,  &e.,  i.  342,  343. 
Shafts  at  I'iltstoii,  ii. 

Sliallowness  of  red  sandst.  of  Atlantic  Slope,  ii.  814. 

Shamokin  Hasin,  i.  24 — details  of  the  coals,  ii.  284 — 
North  Branch  Coal  measiire.s,  ii.  292  —  red-a.sh 
coals,  ii.  305— Bnsin,  i.  17,  ii.  6,  11.  17 — bound- 
aries, ii.  21 — western  end  siructure,  ii.  308 — anti. 
flexures,  ii.  297— anti.  axes,  ii.  266,  307. 

Shamokin  Creek,  i.  115  —  drainage,  ii.  284 — North 
Branch,  ii.  280— range,ii.  280— South  Branch, ii.  279. 

Shamokin  Gap,  Coal-measures,  ii.  299 — exposures,  ii. 
289 — Ser.  series,  i.  147. 

Shamokin  Mountain  coal-beds,  ii.  302 — Coal-measures, 

ii.  292 — dip  of  strata,  ii.  309 — at  Sliamukin  Gap,  ii. 
299. 

Shamokin  Valley,  i.  115. 

Shank's  Gap,  Surg,  ore  sandst.,  i.  414,  418. 

Sharon,  ii.  560— c.alc.  lirnest.  and  sandst.,  i.  584 — 
coal  group,  ii.  489,  496 — the  Shenango,  i.  578. 

Sharp  Mountain,  ii.  33,  48— faults,  ii.  i34— faulty 
condition  of  the  ^oal-beds,  ii.  194 — identitrcation  of 
tlie  coal  strata,  ii.  151 — position  of  tiie  Summit 
Mines,  ii.  64 — Ser.  conglomerate,  ii.  22 — syu.  belt, 
lower  red-ash  cnals,  ii.  77 — south  of  Patterson,  ii. 
113— view  of,  i.  25— anti.  flexure,  i.  289— and  anti. 
C  (basin),  ii.  31 — basin,  coals  in  the  north  side, 
names  and  number  of  the  beds,  ii.  36,  151 — syn. 
axis,  ii.  37 — white  and  red  ash  coal-beds,  ii.  68 — 
coal-beds  at  Rattling  Run  Gap,  ii.  Ili7,  186,  23— 
conglomerate,  ii.  186  —  colliery,  ii.  440 — conglo- 
Hierate  dip,  ii.  49— coals,  ii.  81 — section  of  the  Coal- 
measures,  ii  149,  150 — dip  of  coal  strata,  Taniatiua, 
ii.  76— dip  of  strata,  ii.  26,  37. 

Shaver's  Creek,  i.  513. 

Shaver's  Valley,  Cad.  and  Verg.  rocks,  i.  569 — Sea. 

marls,  i.  517. 
Shawangnnk  Mountain,  i.  18,  47. 
Shawnee  Mountain,  ii.  405. 

Shehola  Falls,  Vesp.  conglomerate,  i.  304 — Verg.  and 

Pon.  strata,  i.  2.S1. 
Shenandoah  axis,  ii.  271,  27.3. 

Shenango,  i.  578 — calcareous  limest. ,  i.  584 — river,  ii. 
560. 

Shenck's  Ferry,  Pri.  rocks,  i.  186. 

Shepody  Mountain  and  Bay,  ii.  945. 

Sherman's  Creek,  i,  341,  342— Mer.  sandst.,  i.  354— 

Pon.  red  shale,  i.  364— valley,  114— anti.  axes,  i. 

314,  315— anti.  a.xes  in  Cad.  rocks,  i.  356— aiiti. 

knobs,  i.  332 — average  width,  i.  313 — Surg,  slates 

and  marls,  i.  341. 
Shickshinny  Mountain,  i.  23-25,  ii.  9— Pon.  rocks, 

i.  440— scenery,  i.  48. 
Shiffert's  Inn,  Pri.  sandst.,  i.  198. 
Shinersville,  i.  96. 
Shippenshurg,  i.  203,  206. 
Shippenville,  ii.  491,571. 
Shirleysburg,  Cad.  slate,  i.  4'26. 

Shoemaker's  Mill,  on  Muncy  Creek,  Sea.  marls,  i. 
636 — ravine,  ii.  406. 

Short  Mountain,  i.  344,  493— Coal  Co.'s  mines,  ii.  441 
— exposures  of  the  strata,  i.  505— North  Terrace 
Ridge,  i.  484— structure,  i.  483 — syn.  axis,  i.  550. 

Short  saddle  I),  coal-bed.s,  ii.  108. 

Shoup's  Run,  ii.  451,  453. 

Shreeve's  Run,  ii.  459. 

Shrewsbury  station,  i  192. 

Sliumard,  Ur,  cited,  ii.  968. 

Shute's  Run,  ii.  624. 

Sideling  Cieek  Gap,  Umb.  limest.,  i.  530. 

Sideling  Hill,  i,  50.  115,  110,  138,  142,  3(56,  528— anti. 
axes,  i.  533— belt  of  Ca  l.  and  Verg.  rocks,  i.  428 — 
Cad.  lower  black  slate,  i.  l.'S8 — character  and  dip  of 
the  strata,  i.  532 — Pon.  rocks,  i.  521 — Pon.  strata, 
i.  142 — Potomac  Pon.  red  sandst.,  i.  400 — dip  of  the 
Pon.  strata,  i.  429,  430. 

Sidell's  Tavern,  limest.  quarries,  i.  454. 

Siegerville,  ii.  723. 

Sigillaria,  ii.  871,  872.  873— flattened,  li.  317— with 

stigniaria  roots,  ii.  953. 
Silkman  Ravine,  ii.  353. 
Silliman  and  Meyer's  slope,  ii.  105,  414. 
Sillimanville  anti.,  details,  ii.  32. 
Silurian  deposits,  ii.  749— upper,  ii.  785. 
Silver  Creek,  ii.  417— anticlinal,  ii.  32,  34— Big  North 

Coal,  li.  210 — Big  or  North  Diamond  Coal,  ii.  87— 


coals,  ii.120- — coal-beds,  ii.  91 — axis  D,  ii.  86 — details, 
ii.  227 — Colliery,  ii.  418 — Basin,  ii.  31 — comparison 
of  the  two  sides  of  the  synclinal,  ii.  88 — details  of 
the  coal  .strata,  ii  123 — Peach  Mountain  syn.  belt, 
ii.  93 — reservoir,  ii.  199 — synonyms  of  the  coals,  ii. 
222. 

Silver  Diggings,  ii.  657. 
Silver  Glen,  ii.  37. 

Silver  Hill.  ii.  27 — anti.  axis,  ii.  36 — anticlinal,  ii.  33. 
Silver  Hollow,  ii.  109. 
Silver  Lake,  i.  306. 

"Silver  Mine,"  ii.  679 — Hill  Lev.  white  sandst.,]. 

478— Knob,  i.  522. 
Silvertown  Colliery,  anti.  axis,  details,  ii.  47. 
Singley's  Farm,  details  of  the  coals,  ii.  137,  138. 
Sink-holes,  details,  i.  618. 
Sinking  Creek,  origin,  sinK-lioles,  i.  502. 
Sinking  Spring  Gap,  fragments  of  Jlat.  sandst.,  i.  480 

— trap-d\ke,  i.  251. 
Sinking  Valley,  denudation,  i.  502. 
Sinnemahoning,  i.  120,  ii.  482,  484 — Bennett's  Branch, 

ii.  '24- River,  i,  49. 
Sinnaniinson  Creek,  gneissic  rocks,  dip,  i.  79. 
Sinnickson'.s  slope  axis,  ii.  108. 
Siveley's  Coal,  ii.  378. 
Siverey  and  Longstreth  Coal-seam,  ii.  262. 
Six-mile  Run,  ii.  455. 

Sixieen-niile  Creek,  structure  of  the  Verg.  flags,  i.  582. 

Sixth  Basin,  ii.  489 — details,  i.  120 — Freeport  group, 
ii.  .570— in  JelTeison  and  Clarion  counties,  ii.  567 — 
Mercer,  ii.  564 — in  New  York,  ii.  547 — north- 
western limits,  ii.  658— north-west  side,  ii.  566 — 
south,  westward,  ii.  553 — west  of  Alleghany  River, 
ii.  572 — west  of  Beaver  River,  ii.  682 — and  final 
outcrop,  ii.  488. 

Sixth  District,  fifth  belt,  mono,  structure,  i.  117 — 
lirst  belt,  i.  116 — fourth  belt,  i.  117 — second  belt,  i. 
116— third  belt,  i.  116. 

Sketch  of  Geology  of  the  United  States,  ii.  741. 

Skidniore  Coal-bed,  ii.  421— Casca  William,  ii.  217— 
Mine  Hill  Gap,  ii.  169— lower  white  ash-group,  ii.l8. 

Slate  Creek,  ii.  511. 

Slate  Hill,  i.  188. 

Slate  Point,  cleavage-dip,  i.  188 — quarries,  Kreiders- 
viUe,  i.  249 — quairies,  near  Nazareth,  i.  249. 

Slatington,  slate  quarries,  i.  249. 

Sleiiderdale  Ridge,  anti.  axis,  i.  368,  383 — axis  Cad. 
black  slate,  i.  392— axis,  i.  372,  373— axis,  Surg, 
rocks,  i.  374 — Snrg.  strata,  i.  375. 

Slide  in  River  Hills,  ii.  041. 

Sligo  Forge,  Lev.  sandst.,  i.  500. 

Slippery  Ruck  Creek,  ii.  574. 

Slopes,  i.  39. 

Slope  Coal,  ii.  Ill — Wolf  Creek,  ii.  171— mines,  ii. 

11)12 — of  anti.  valleys,  i.  9 — of  syn.  valleys,  i.  9. 
Small  coal  in  Adam's  Tunnel,  ii.  204 — quarry,  gneissic 

rocks,  i.  75. 

Smethport,  Pon.  strata,  i.  142,  ii.  487,  489,  550,  554. 
Sinicksbiirg,  ii.  486,  5SS. 
Smith,  Elisha's,  Quarry,  east  of  Gerard,  i.  583. 
Sinythtield,  ii.  660. 

Smith's  Gap,  i.  288 — quarry,  near  French  Creek,  i. 

583 — Tract  coal-beds,  ii.  342 — Creek  section,  ii.  412 

— mine,  ii.  408 — sawtidll,  ii.  588. 
Snake  Creek,  springs  of  salt  water,  i.  306. 
Snake  Spring  Valley,  details  of  the  strata,  i.  507,  508. 
Siieyder's  red-ash  colliery,  li.  423. 
Snow-shoe,  ii.  481,  530. 

Snyder  and  Milne's  Lewis  Coal  Slope,  ii.  138. 
Soapstone  Quarry,  fgneissic  rocks  dip,  i.  79 — steatite 

and  serpentine,  i.  167. 
Soil  of  the  north-we.st  dist. ,  i.  585. 
Solomon's  Creek,  ii.  379 — Gap.  ii.  .389 — anticlinal,  ii. 

391— Coal,  ii.  394— .section,  ii.  3'20— Ser.  series,  i, 

147 — Umb.  series,  i.  145 — Vesp.  roclis,  i.  143,  ii.  11 

— white-ash  Coal-raeasvires,  ii.  328. 
Solomon's  Temple,  i.  197. 
Somerset,  Umb.  rocks,  ii.  11. 
Sorber's,  ii.  385 — House,  ii.  388. 
Sorrel  Hor.se  Inn,  i.  160— Pri.  sandst.,  i.  178. 
Southampton  Furnace,  i.  268. 
South  Be.aver  Creek,  details,  ii.  248. 
South  Branch  of  Indian  Run,  gneissic  rocks,  i.  84. 
8outh  Branch  of  the  Saucon,  Aur.  limest.,  i.  235. 
South  Clear  Ridge,  Pon.  rocks,  i.  521. 
South  Diamond,  axis,  ii.  .38 — Coal,  ii.  121,  137 — of 

Casca  William,  ii.  112,  218 — .synonyms,  ii.  223. 
Southern  Coal-basin,  i.  303— general  classification  of 

the  Coal-measures  of,  ii.  224,  226 — east  of  Middle 

Creek,  li.  179. 
Southern  limit  of  the  drift,  ii.  774. 
Southern  Middle  Coal-field.  Umb.  red  shale,  ii.  12. 
South  Gate  Coal,ii.  140— New  Philadelphia,  ii.  220. 
South  Horse  Valley,  i.  334— 13th  anti.  axis,  i.  316 — 

— Surg,  rocks,  i.  344. 
South  Malianoy  Basin,  ii.  270. 

South  Mine  Hill,  anti.,  ii.  31— Big  Coal  of  the  south 
slope,  ii.  8(i — white-ash  Coal-me;isurtis,  ii.  86. 

South  Mountain,  i.  4,  47,  ii.  2,  3,  716— belt,  ii.  4 — 
Aur.  lituest.  between  the  Delaware  and  Scliuylkdl, 
details,  i.  "233- belt  of  Pri.  and  Aur.  rocks,  i.  112— 
Delaware  River,  i.  91 — between  the  Delaware  and 
the  Schuylkill,  i.  93 — e.asl  of  the  Schuylkill,  ii.  '2 — 
first  belt  of  the  second  district,  ii.  5 — gneissic  rocks, 
i.  91 — Pri.  rocks,  details,  i.  1.96 — Pri.  strata,  i.  203 
— Schuylkill,  i.  91 — stratification,  i.  98 — south-west 
of  the  Susquehanna,  origin,  i.  203 — undulations  in 
the  chain,  i.  94. 


South  Nittany  Mountain,  i.  484. 

South  Valley  Hill,  micaceous  slate,  i.  169 — east  of 

Morgan's  Corner,  i.  168 — Pri.  sandst.,  i.  166. 
South  S.alem  Coal,  Salem  Colliery,  ii.  176. 
South  Scranton,  expo.sures  of  cnals,  ii.  346. 
Spangler  and  Eckle's  Mines,  ii.  U;4. 
Spangler's  Four-feet  Coal,  ii.  Is3. 
Spang's  Furnace,  i.  200 — Pri.  white  .sandst. ,  i.  98. 
Spanish  Hill,  near  Athens  in  Tioga  County,  i.  37. 
Spearing's  Tavern,  ii.  368. 

Spencer's  coal-mine,  ii.  338 — Wolf  Creek,  ii.  172 — east 

of  Wolf  Creek,  ii.  159 — coals,  ii.  345. 
Sphenophyllum,  ii.  852,  853. 
Splienopteris,  ii.  861,862. 
Spie's  Church,  Sandstone  Ridge,  i.  198. 
Spier  Bed,  ii.  461. 

Spirifer,  ii.  833 — arenosa,  ii.  826 — mucronata,  ii.  828 

— spiriferoides,  ii.  828 — sulcatis,  ii.  825. 
Spitzberg,  i.  249.  • 
Splint  coal,  ii.  99.5. 

Spohn  Coal,  ii.  129,  130,  148,  416,  436— air-shaft,  u. 

121— Bed,  ii.  125— Branclidale  Colliery,  ii.  176— at 

Middleport,  &c.,  details,  ii.  219 — Tremont,  ii.  439. 

145 — details,  ii.  95 — of  Muddy  Branch  anti.,  ii.  160, 

161 — outcrop  basin,  ii.  35. 
Spring  Brook,  ii.  3'24,  364 — towards  Scranton,  ii.  356 

— white-ash  Coal-measures,  ii.  328. 
Spring  Creek,  Cad.  black  slate,  i.  456 — cement  layei-s, 

i.  498. 

Spring  coal,  ii.  Ill,  112. 
Springfield,  i.  85 — Furnace,  i.  506. 
Spring  Mill,  exposure  of  Pri.  rocks,  i.  155, 156 — gneiss, 
i.  77. 

Spring  Mill,  limest.  quarries,  i.  213 — marble  quarrie.s, 

i.  216— older  Prim,  rocks,  i.  (>8. 
Springtown,  dip  of  limest,  i.  234. 
Spruce  Creek,  search  for  coal,  limest.  rocks,  i.  500, 

501— Run,  limest.,  i.  502. 
Spurs  of  Tussey's  Mountain,  anti.  axes,  i.  514. 
Squire  Winter's  Mine,  ii.  375. 

Stafford  Meadow  Brook,  ii.  318 — anti.  a-xis,  ii.  342 — 
Umbral  strata,  position  of  iron  ore,  ii.  357. 

Stafford  Meadow  V.dley,  calc.  iron  ore,  ii.  320. 

Staffordshire  Coal-field,  ii.  978. 

Stahl  (Adam)  Coal,  anti.,  ii.  111. 

Standerfer's  Knob.  i.  522 — Lev.  white  sandst.,  i.  478. 

"  Standing  Stone  "  Valley,  i.  512. 

State  line,  i.  119— mine,  i.  171 — serpentine  belt,  i. 
19-2. 

Statistics  of  coal  trade,  ii.  1019. 
Statistics  of  iron  trade,  ii.  1020. 
Staunton's  Tunnel,  ii.  209. 
St  Clair  Colliery,  ii.  422. 

Steatite  range  of  the  Scliuylkill,  I  167 — and  serpen- 
tine belt,  i  71. 
Steele's  iron-ore  pit.s,  ii.  707. 
Steel-iron  pits,  i.  85. 
Steffy's  Tavern,  Surg,  slates,  i.  513. 
Steinberger's  Basin,  ii.  33 — Mine,  ii.  115. 
Steitler  Ore-bank,  ii  89. 
Stems,  ii.  868— of  trees  in  coal  str.,  ii.  846. 
Sterrel's  Gap,  i.  350— Mcrid.  sand.-t ,  i.  354. 
Sterrett's  Mill,  streams  in  limest.  str.,  i  476. 
Steven's  and  Paxtoii's  Furnace,  conglomerate,  i.  205.  . 
Stevenson  Coal,  ii  138. 
Stewart's  Furnace,  ii.  499,  665. 
Stewart's  Knob,  i.  40.3. 

Stigmaria,  ii.  869,  870 — fucoides,  ii.  802 — root  of  Sigil- 
laria, ii.  803. 
Still  House  Coal,  ii.  ,377. 
Sliver's  Bed,  ii.  390— Bed,  ii.  402. 
Stockholm,  ii.  54(i. 

Stockton,  Hazleton  coal-ba^in,  details,  ii.  259. 

Stone  Church,  Sea.  and  Prem.  limest.,  i.  347. 

Stone  Creek  Knob,  anti.  axis,  i.'513 — Ridge,  Verg.  and 
Pon.  rocks,  i.  521 — outcrop  of  limest.  rocks,  sink- 
holes, i.  518. 

Stone  Mountain,  i.  116,  482 — Fault,  i.  513 — iron  ores, 

i.  479 — Lev.  grey  sandst.,  i.  472 — Lev.  white  sand.st.. 

dip  of  the  strata,  i.  515 — line  of  fault,  i.  477— debris 

of  Mat.  sandst.,  i.  480. 
Stone  Ridge,  details  of  rocks  exposed,  i.  274— Lehigh 

Water-gap,  Mer.  sandst.,  i.  288. 
Stone  SUdes,  i.  27. 

Stone  Valley,  i.  482 — ore  sandst. ,  i.  401 — syn.  flexure. 

i.  512 — Verg.  flags  and  Pon.  red  shales,  i.  520. 
Stony  Creek,  i.  33 — section  at,  ii.  654,  665. 
Stony  Fork,  ii.  523. 

Stony  Ridge,  Nanticoke  Mountain,  ii.  404 — ore-hill, 
i.  51(5 — Surg,  shales,  i.  514. 

Stony  Run,  ii.  514. 

Stout's  (limestone)  Quarry,  i.  233. 

Stoystown,  ii.  494— Basin,  ii.  495. 

Strasburg,  belt  of  Aur.  limest.,  i.  261— Lev.  sandst  , 
i.  335,  336— Surg,  slates,  i.  345. 

Strata  elevated  by  anticlinals,  ii.  36'2,  370 — in  imme- 
diate contact  with  coal-sgams,  ii.  802. 

Stratification  from  a  state  of  suspension,  ii.  813 — of  the 
South  .Mountains,  i.  98— without  suspension,  ii.  812 
— by  water  in  motion,  ii.  812 — arrangement  of  Coal- 
measures,  Western  Pennsylvania,  ii  474. 

Stowable  capacity  of  coals,  ii.  1001. 

StrattonviUe,  ii.  569. 

Street  Road  Basin,  Aur.  limest.,  i.  229 — Prim,  white 

sandst.,  i.  229. 
Street  Road  Limestone  Basin,   metamorphisn'.  i. 

228. 

Striated  tioor  of  the  Drift,  ii.  774. 
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Strickler'3  Run,  Aur.  str.,  i.  221— Prim,  newer  slate, 
i.  220. 

Strictopora  acuta,  ii.  818. 
Strine.'^town,  ii.  678. 

Strode's  .Mill,  outcrop  of  serpentine,  i.  170. 
Strong's  TunipiUe  Gate,  i.  578. 
Stroiitia,  i.  215. 

Stropliomeiia  Cliemungensis,  ii.  829 — crenistria,  ii. 
827— demissa,  ii.  827— puuctulift-r  i,  ii.  825. 

Stroudobur",  Post-mer.  limest.,  i.  282— across  Walpack 
axis,  i.  285. 

Stroud's  Mill,  Surg;,  fossiliferous  ore,  i.  432. 

Structure  of  disturbed  zmies,  ii.  885— Gneiss  District, 
north  of  Clie^ter  County  Valley,  i.  S5 — the  moun- 
tain-crests, i.  25  —  Second  District,  i.  5— South 
Mountains,  i.  94 — syn.  belts  of  the  Pala;ozoic  strata, 

i.  9S— Third  District,  i.  32. 
Stuchel's  Coal,  ii.  589. 

Subsidence  of  hind  in  coal  period,  ii.  807. 

Sugar  Creek,  Verg.  rocks,  i.  310,  ii.  386,  3.<)1,  483— 

Lake,  ii.  5.19 — section,  ii.  577. 
Sugar-Loaf  Knob,  Serai  conglomerate,  ii.  243 — Mine, 

256— Slope,  ii.  2,')8. 
Sugar  Valley,  i.  9,  50,  llfi,  418,  489— anticlinal,  i.  4S4, 

485— auti.  axis,  i.  487— anti.  axis,   i.  466 — Aur. 

limest.,  i.  491— to  Nittany  Valley,  i.  488. 
Sulphate  of  baryta,  i.  258. 

Sulphiiret  of  copper,  near  Duncan's  Point,  i.  187. 
Sulphur  S|iriiig  Gap,  i.  511,  571. 
Summer  Hill,  i.  290,  ii.  6.53. 

Summit  U.isin,  daily  product  of  coal,  ii.  74 — Hill, 
anticlinal,  ii.  52— basin  B,  C.  red-ash  coals,  ii.  71 
— cost  ot  lilting  the  coal  from  Panther  Creek,  ii.  74 
— Great  Coal  bed.  ii.  6.'!— mines,  ii.  65 — red-ash 
coals,  ii.  71 — and  Tamaqua  anticlinal,  ii.  29. 

Summit  Mine,  ii.  65 — B.isin  and  Dry  Hollow  Ridge, 

ii.  30 — of  the  Lehigh  Company,  ii.  63,  67 —  white, 
grey,  and  red  ash  coals,  ii.  69. 

Summit  Pennsylvania  Railroad,  ii.  652. 

Sunbury  R;ulroad,  coals,  ii.  300, 

Sun-cracks  in  Umb,  red  shale,  ii.  831. 

Surface-shafting  fur  coal,  ii.  1008. 

Surgent  fossilileious  iron-ore,  ii.  3.)9 — iron  sandst.,  i. 

106— Fishing  Creek,  i.  447— Lehigh  Water-gap,  i. 

132 — near  Shade  Mountain,  i.  371 — Will's  Creek 

axis,  i.  132. 
Surgent  lower  ore-shale,  i.  106. 

Surgent  lower  slate,  Delaware  Water-gap,  i.  131 — 

Fiihing  Creek,  i.  447— fossils,  i.  106. 
Surgent  lower  shale.  Perry  County,  i.  133 — lower  and 

upper  ore-shales,  near  Jersey  Shore,  i.  537. 
Surgent  ore  sandst.,  i.  106— at  Lehigh  Water-gap,  i. 

133  —  shales,    Lewistown  Valley,  i.   398  —  Stone 

Moimtain,  i.  515 — penod,  ii.  749. 
Surgent  red  marl,  i.  106. 

Surgent  red  sh:ile  in  Duniiing's  Mount-aio,  i.  5.57 — 
Dutotsburj;,  i.  283 — marl.  Lehigh  Water-gap,  i.  134. 

Surgent  rocks,  i.  li;!,  114 — Bald  Eagle  Mountain,  i, 
536 — Bald  Eagle  Brush  Mountain,  i.  654 — north  of 
Delaware  VVater-g:ip,  i.  272 — iron  ore,  i,  410 — north 
of  Lehigh  Water-gap,  i.  274 — Lewistown  Valley,  i. 
397 — from  Lewistown  to  Maryland,  i.  412 — at  the 
Maryland  line,  i.  567 — west  of  MifHinsburg,  i.  453 
— near  Millhall.  i,  545— Montour  Ridge,  i.  436.  437 
— in  Perry  and  Franklin  counties,  i.  336 — Pfout's 
Valley,  i.  337 — east  of  Jersey  Shore,  i.  543— Stone 
Valley,  Surg,  fossiliferous  ore,  i.  515 — Susquehanna 
Gap,  i.  276— Whitedeer  Hole  Valley,  i.  455. 

Surgent  and  Scalent  rocks,  i.  329,  381. 

Surgent  Series,  ii.  753 — physical  geography  of,  ii,  78S. 

Surgent  shales,  north-east  of  the  Juniata,  i.  515 — and 
marls,  Juniata,  above  Bell's  Forge,  i.  554 — Wood- 
cock Valley,  i.  522. 

Surgent  slate,  west  of  Adamsburg,  i.  401 — and  sli.ales 
in  the  Seven  Mountains,  i.  481 — Tuscarora  Valley, 
i.  379— south-west  of  Waterloo,  i.  381. 

Surgent  strata,  i.  377 — east  of  the  Juniata,  i.  37-1 — 
Little  Scrub  Ridge,  i.  415— near  Dauvihe,  i.  435— 
from  Mimcv  to  Milesburg,  i.  542 — thicknesses  of,  i. 
131,  132,  133,  134. 

Surgent  upper  ore-shale, fossils,  i.  106. 

Surgent  upper  shale,  Lehigh  Water-gap,  i.  133. 

Surgent  upperslate,  fossils,  i.  106 — Lehigh  Water-gap, 
i.  132. 

Susan-Ann  Furnace,  iron  ore,  i.  192 — coal-bed,  ii.  430. 

Susquehanna,  i.  114 — anti.  flexures,  ii.  4 — a  ga|>  in 
Kittatinny  Mountain,  i.  270— Cad.  rocks, "Ii.  138, 
139— Cad.  sandst.,  i.  293— Lev.  grey  and  white 
sandst.,  i  127, 130— Narrows,  i.  310— North  Branch, 
i.  119— Verg.  flags,  i.  295— Verg  rocks,  i.  4.03— 
Verg.  shales,  i.  297— Pen.  strata,  i.  141— River, 
i.  4,  44,  ii.  527 — ami.  axis,  i.  .372— Basin,  i.  40.  41  — 
Pass,  i.  29 — cleavage  planes,  i.  184 — Pri.  rocks,  i. 
186— scenery,  i.  48,  49— Valley  scenery,  i.  37— West 
Branch,  i.  49. 

Susquehanna,  Surg,  iron  sandst.,  i.  277 — Surg,  red 
shale,  i.  293— Verg.  flags,  i.  541 — Vesp.  conglome- 
rate, i.  301— Vesp.  strata,  ii.  8— Water-gap,  Cad. 
black  slate,  i.362. 

Sutton  and  Wright's  Tunnel,  ii,  429. 

.Swallow's  House,  ii.  375. 

Swallow,  Professor,  defines  Missouri  coal-field,  ii. 

965— researches  cited,  ii.  787. 
Swamp  Axis  of  West  West  Branch,  ii.  44— Creek, 

anti.  valley,  ii.  242 — limest.  quarries,  i.  201. 
Swartz  iron  ore,  north  of  Jersey  Shore,  i.  550. 
Swartzel's  Valley,  anti.  axis,  i.  463— flexures  of  strata, 
475,  476 — liuiest.  quarry,  dolomite  layers,  i.  47B 


Swatara,  ii.  163— colliery,  ii.  436— coal-field,  i.  316— 
Creek,  Aur.  limest.,  i.  251— grey-ash  and  red-ash 
coals,  ii.  156— details  of  coals,  ii.  177— Falls,  anti., 
ii.  152,  156— axis,  ii.  41— Black  Valley  Coal,  ii.  217 
—Gap,  Cad.  sandst.,  i.  2113— limest.  ridge,  i.  291— 
Premer.  limest.,  changes  of  type,  i.  278— red-a.sh 
coals,  ii.  166 — Sural  conglomerate,  ii.  153 — Valley, 
coal  beds,  ii.  47. 

Swetland  Meadows,  outcrops  of  coals,  ii.  352 — Mine, 
ii.  344. 

Swift  Creek,  grey-ash  coal,  ii.  106. 

Swigert's  Gap,  Cad.  rocks,  i.  571. 

Switchback,  anti.  axis,  ii.  32 — Casca  William  Rail- 
road, ii.  111. 

Swope  Hill,  Cad.  rock,  i.  292,  293. 

Sydney  County  coal-field,  ii.  950— Knob,  i.  326 — Lev. 
white  sandst.,  i.  382. 

Syenite,  i.  69. 

Syenite  and  granite,  i.  75. 

Synclinal  axis  on  Ivisliacoquillas  Creek,  i.  407 — in 
Mat.  slate  belt,  i.  261 — planes  dislocated,  ii.  898 — 
in  Perry  and  Franklin  Counties,  i.  338 — near 
Tamaqua,  ii.  77 — of  third  bell.  Sixth  District,  i. 
462— of  basin  B,  ii.  80 — Cad.  and  Verg.  rocks,  i. 
361 — D,  ii.  80 — south-east  of  Elliotsburgh,  i.  353. 

Synclinal  basins,  Vesp.  sandst.,  ii.  5 — belts,  eastern 
miiidle  coal-field,  ii.  239— how  eroded,  ii.  924,  927 
— Fifth  District  of  the  Palaeozoic  region,  i.  114,  115 
— coves  in  Union  County,  i.l7 — crests,  i.  26 — flex- 
ures or  basins,  ii.  29 — Fifth  District  of  Palseozoic 
region,  i.  114,  115 — western  middle  coal-field,  ii.  266 
— Si.Kth  Distiict  of  Palaeozoic  region,  i.  116,  117 — ■ 
South  Mountains,  i.  94 — ridge.  Franklin  County, 

i.  26 — ridges  and  plateaus,  i.  12 — valleys,  i.  10 — 
spurs,  i.  13— trough  of  Pon.  rocks,  i.  289— troughs, 
Lewistown  Valley,  i.  403 — Mer.  sandst.,  i.  422 — 
Sea.  and  Prem.  limest.,  i.  418 — western  middle 
coal-field,  ii.  290  —  Valley  of  Montgomery  and 
Chester  counties,  Pri.  strata,  i.  158— valleys,  i.  15, 

527 —  scenery,  i.  30 — structure,  examples,  i.  17. 
Synonyms  of  the  coals  of  the  Pottsville  Basin,  ii. 

221. 

Syrigodendron,  ii.  873. 

'Tables  of  Analyses,  iron  ores,  ii.  717,  721,  727,  728, 

731,  732,  733,  734. 
Table  of  chemical  constitution  of  coals,  ii.  9C9,  976. 
Table  of  coal  produce,  ii.  987. 
'Table  of  relative  economic  rank  of  coals,  ii.  1000. 
Table  of  Contents,  i.  ix.  vol.  ii. 
Tabular  arrangement  of  Bituminous  Coal-measures, 

ii.  477. 

Tafton,  bog  iron-ore,  i,  304. 

Tamaqua,  anti.  axes,  ii.  77 — Coal  A,  ii.  100 — beds, 
syn.  axis,  ii.  76— C,  ii.  101— E,  ii.  104— F,  ii.  68— 
synonyms,  ii  221 — Gap,  Coal  C,  ii.  78 — individual 
coal-seams,  ii.  77 — Middle  and  Newkirk,  anti.  axis, 
ii.  30 — and  Newkirk  Basin,  details,  ii.  30— Section, 
white-ash  coals,  ii.  70 — Ser.  series,  i.  14(3 — to  Silver 
Creek,  ii.  114 — Southern  and  Eastern  Mine  Hill, 
ii.  30— Turnpike,  coals,  ii.  247. 

Taugascootac,  ii.  24,  528,  529— Creek,  ii.  481. 

Taylor's  Colliery,  ii.  416— Ford,  i.  82— hornblendic 
gneiss,  i.  78 — Run,  Aur.  rocks,  i.  231 — hornblendic 
gneiss,  i.  78— serpentine,  i.  169. 

Tayloisville  Shaft  Mines,  i.  346. 

Taylor  and  Volpert's  Colliery,  ii.  445. 

Tea  Spring,  Solid.ago  or  Golden  Rod,  i.  492. 

Tellina  Greenlaiidica,  ii.  775. 

Temperature,  autumn  mean,  i.  54 — average  of  the 
year,  i.  53 — extremes  of,  i.  54 — mean  maximum,  i. 
54 — of  the  northern  border  of  the  State,  i.  63 — 
of  the  southern  border,  i.  53 — spring  mean,  i.  53 — 
summary,  i.  54 — summer  mean,  i.  53  —  tabular 
statement  during  sixty  years,  i.  55— winter  mean, 
i.  54. 

Ten-feet  coal.  Thick  Mountain,  ii.  181. 
'Tentaculites  oruatus,  ii.  824. 

Terrace  Knob,  i.  512— Mountain,  i.  50,   4S4,  527, 

528 —  Pon,  rocks,  i.  521. 
Terraces,  how  eroded,  ii.  931. 

Tertiary  formations,  ii.  767— strata,  ii.  768. 
Testudo  Nebrasensis,  ii.  771 — Niobrensis,  ii.  773. 
Thecodon  sauiians,  ii.  695 — sauri.an  tooth,  ii.  693. 
Theories  of  cleavage  reviewed,  ii.  909 — of  flexure  of 

strata,  ii.  'j06,  907. 
Theory  of  coal,  ii.  806— of  origin  of  coal,  ii.  805— of 

undulation  of  strata,  ii.  911. 
Thick  Mountain,  ii.  154— Tunnel  and  Drifts,  ii.  181 

— sandst.  measures,  ii.  155. 
Thickness  of  ancient  deposits,  i.  60 — of  co.al,  ii.  484— 

of  Palaeozoic  strata,  i.  r22-148 — of  limest.  overlying 

Pittsburg  Coal,  ii.  798. 
Third  Basin  in  bituminous  coal  region,  i.  120. 
Third  B.asin,  ii.  483,  499— along  Conemaiigh,  ii.  599 

— in  Indiana  County,  ii.  589,  590— south  of  Cone 

maugh.  ii.  616 — traced  into  Indiana  County,  ii.  538 

— west  to  Pine  Creek,  ii.  519. 
Third  Belt  in  the  Anthracite  coal  region,  i.  118 — 

Coal-basin,  Conemaugh,  ii.  602 — District,  i.  32— 

and  Fourth  Basins,  ii.  586,  588. 
Third  subdivision  of  Third  Basin,  ii.  636— zone, 

boundaries,  i.  66. 
Thirty-nine  I-'eet  Coal,  details,  ii.  58. 
Tliomaston  Colliery,  ii.  445. 
Thomastown  Tunnel,  Mine  Hill,  ii.  2f>7. 
Tliompson's  Run,  Section,  i,  572. 
Tliompsontown,  Cad.  rocks,  i,  392— Surg,  slates  and 

Sea.  marls,  i.  3S0. 


Thompson  Bed  Forge  Creek,  ii.  400. 
Thomson,  Turner,  and  Cu's  Well,  ii.  605. 
'J  hoin's  Run,  anti.  a.xis,  i.  550. 
Thornhill  Rmi,  ii.  457. 

Thorpe's  l\!ill,  serpentine  rock,  i.  167 — paper-mill, 

Wis.sahiukon  Creek,  i.  72. 
Three-corner  Pond,  Post-mer.  anti.  belt,  i.  452. 
Three-feet  Vein  at  the  West  Branch,  ii.  170. 
Three  Spring  Creek,  iron  ore,  i.  622 — ^junction  with 

Auglnvick  Creek,  i.  428,  429. 
Three  Springs,  Cad.  and  Verg.  strata,  i.  427 — Sea. 

and  Prem.  limest.,  i.  417 — Surg,  rocks,  i.  412. 
Three-square  Hollow,  i.  335,  342. 
Thunderstruck  Rock,  ii.  458. 
Tidieute,  ii.  ,567— Creek,  ii.  489. 
Tinklepaugh  Coal  Company,  li.  336— Creek,  ii.  333. 
Tioga,  or  Chemung  River,  ii.  4S7 — Colliery,  ii.  413 

— County,  i.  120 — Verg.  rocks,  i.  140,  141 — Verg. 

shales,  i.  297. 
Tioga  Point,  anti.  axis,  i.  306,  ii.  483. 
Tioga  River,  ii.  484,  519,  strata  east  of  the  river,  i. 

310— Unib.  series,  i.  145— Pon.  strata,  i.  14'2. 
Tiouesta,  i.  120— Coal,  ii.  561,  662,  5fi6,  570,  583— 

Bed,  ii.  663— Group,  ii.  4X8,  489,  496,  558. 
Titaniferous  iron-ores,  i.  171. 
Titanotherium,  ii.  771. 
Toby  Creek,  ii.  406. 
Toger's  Limestone  Quarry,  i.  235. 
Tollgate  Ridge,  i.  408. 
Tomb's  Run,  ii.  611. 
Tome's  Creek,  ii.  518. 

Tonihicken  Basin,  coals,  ii.  256 — Creek,  ii.  241 — 
Ridge  anti.,  details,  ii.  255. 

Top  slate,  ii.  317. 

Torbane  Hill  coal,  ii.  995. 

Tott's  Gap  Uoad,  limest.  quarry,  i.  246. 

Toughcanem  Hill,  limest.  trough,  i.  226. 

Towanda,  i.  ]'20— anti.,  i.  295,  305— basin,  ii.  513— 
coal-basin,  ii.  613  — field,  ii.  482— Creek,  ii.  482, 
512 — anti.  axis,  i.  308 — coal-basin,  ii.  15 — limest. 
quarries,  i.  309— Pon.  str,,  i.  142 — valley,  i.  3n9— 
Mountain,  ii.  482 — Township  Road  Bridge,  i.  200. 

Tracey  Coals,  ii.  134 — conglomerate  and  .slate,  ii. 
94. 

Trails  of  mollusc,  ii.  832. 

Trap  adjoining  iron-ore  Cornwall  Mine,  i.  87 — 
dykes,  ii.  671,  691 — in  Aiu'.  limest.  west 
Reading,  i.  251 — Bethel  Hill,  i.  16.5 — near  Consho- 
hocken,  i.  214 — Conewango  Falls,  i.  49 — Cove 
Mountain,  i.  366 — east  of  Churchtown,  i.  221 — 
hornblendic,  i.  7.5 — in  railroad  rutting,  ii.  691 

Trap-dykes  west  of  Lancaster,  i.  222 — of  Mesozoic  belt, 
ii.  684 — near  Millerstown,  i.  222 — of  minerals,  ii. 
671 — near  Springfield  township,  i.  214 — in  .southern 
zone  of  gneiss,  i.  70 — west  of  the  Susquehanna,  ii. 
688— and  tlieir  effects  on  the  str.,  ii.  686,  6S8,  690— 
Warwick  Iron-mine,  11.687' — of  the  Wlieatlev  Lode, 
ii.  702— in  Wheatley  Mine,  ii.  702,  703— Yellow 
Breeches  Creek,  i.  266 — near  York  Springs,  ii.  68.9 
— rock,  i.  169 — in  gneissic  rocks,  i.  78 — west  of  the 
Little  Elk,  i.  170 — near  Lockport,  i.  186 — ridges 
near  New  Hope,  i.  48. 

Trap-rocks  of  Mesozoic,  ii.  763 — near  the  Schuylkill, 
ii.  686. 

Trask,  Dr,  researches,  ii.  773. 
Traveller's  Rest,  ii.  392. 

Travertin,  Antietam  Creek,  i.  259 — bed  at  Wells- 
borough,  i.  312. 
TredyfTrin  Township,  Pri.  white  sandst.,  i.  173. 
Trembleville,  hornblendic  gneiss,  i.  78. 
Tremolite,  i.  95. 

Tremont,  ii.  439— anti.  R,  ii.  164— basin,  ii.  47— 
flexure,  identity  witli  axis  of  Swatara  Creek,  ii.  165 
— Gap,  faulty  condition  of  coal,  ii.  185. 

Trenton  limest.,  ii.  752 — fossils,  ii.  818 — Pri.  white 
sand.st.,  i.  150 — .scenery,  i.  48. 

Tresckow  anti,  axis,  ii.  247. 

Trevorton  Coals,  ii.  313,  314 — coal-field,  ii.  315 — Twin 
Coal,  ii.  304 — district  of  Shamokin  coal-field,  ii. 
309— or  Zerbe's  Gap  coal-field,  ii.  316. 

Trexell's  Ore-mine,  ii.  723. 

Trexler's  Furnace,  i.  266. 

Trexlerstown,  flexures,  i.  241 — iron  mines,  725 — irou 

ores,  i.  264 — iron-ore  mines,  1.  265. 
Trigonocarpuni,  ii.  877. 
Trilobites,  ii.  824. 
Trinucleus  concentricus,  ii.  820. 
Tropodileptus,  ii.  827 — carinatus.  ii.  82S. 
"  Trouble"  in  a  coal-seam,  ii.  238. 
Trough  Creek  Gap,  ii.  450 — anti.  flexure,  i.  523 — str., 

i.  528 — Furnace,  i.  529 — Valley,  i.  522 — iron  ores, 

Umb.  limest.,  i.  529,  530— ,syn.  axis,  i.  532— Umb. 

series,  i.  145 — Spring  Hollow,  ii.  457. 
Troup's  Creek,  Verg.  red  shale,  i.  312. 
Trout  Run,  i.  120,  ii.  484. 
Troy,  ii.  584 — Gap,  Ser.  series,  i.  148. 
Tubmill  Harbour,  i.  527. 

'Tucker's  Big  Co.al,  ii.  121 — Mine,  Grier  Vein,  ii.  106 
— Slope,  ii.  104 — Coals,  ii.  215,  216 — Slope,  Grier 
Coal  east  of  Tuscarora,  ii.  103. 

Tulpehocken  Creek,  Mat.  slate,  i.  250. 

Tundiling  Coal,  M'Ginnis's  Hollow,  ii.  205,  206— 
Mecke's  Western  Tininel,  ii.  208— Pine-knot  Col- 
liery, ii.  204. 

Tunamaguont,  ii.  553,  555  —  Settlement,  ii.  548 — 

Creek,  ii.  549 
Tuniangwant,  ii.  489. 

Tuukhamiock  Creek,  ii.  508 — Vesp.  rotiks,  i.  306— 
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Hills,  Pon.  and  Vesp.  rocks,  i.  305— Pon.  str.,  i. 
142. 

Tunnel  or  Back  Coiil,  ii.  130 — Peaked  Mountain,  ii. 

20S— coals,  ii.  13:),  14l>— coiil,  ii.  173— Olivers  Col- 

lieiy,  ii.  127-  OIivim's  Slope,  Bear  Hiilge,  &c.,  ii. 

22() — Salem  C'ullifiy,  ii.  175 — vein,  ii.  117 — Bet- 

tinser's  .Vline.'i,  li.  Ii7. 
Tunnels,  ii.  29 — in  coal-mines,  ii.  10.  11 — in  Lawton's 

Old  C  illiery,  ii.  202 — in  Nesquehonifig  Mines,  ii.  55. 
Turkey  Foot,  ii.  ()59— Hill,  i.  49— clffivage,  i.  192 — 

Pri.  rocks,  i.  185— Ridse,  i.  337— Cad.  and  Verg. 

rocks,  i  385 — Cad.  rocks,  i,  392. 
Turkey  Valley,  i.  392. 

Tmtle  Creek,  ii.  636— and  Oreodon  Bed,  ii.  772— Run 

Valley,  anti.  axis,  i.  4B2. 
Tuscarora,  ii.  26,  413 — axi.s,  i.  136 — Prem.  liiiiest  , 

i.  136— Mer.  slate,  i.  137— and  Big  Creek  l  ollieiy 
(Ba^in),  details,  ii.  31 — to  Casca  William,  s.mio- 
nynis  of  the  coals,  ii.  224 — Cliurch  Saddle,  details, 

ii.  30 — coal,  details,  ii.  103 — coal  of,  ii.  216 — Creek 
Valley,  i.  17 — Verg.  and  Cad.  rocks,  i.  115 — coals, 
ii. ,  214,  215 — to  East  N'>rwt*ni;iii.  anti.  axis  and  syn. 
troughs,  ii.  92— .Moiiniain.  i  -(IJ,  :i7S— anti  ,  i,  114. 
337— anti.  axis,  i.  3i.i.  :!72,  :;73,  :W4— north- 
west  flank,  anti.  axis,  i.  351  — Lev,  suihIsIs,,  i.  330 — 
Mat.  slates,  i.  314 — Mat.  slate,  i  :i22— Sia.  grey 
marls,  i.  329— .-^ca.  rocks,  i.  i:!5 — i-eiiurv.  i.  2(1.  51 
— --ail.ll-.s  rf(l-;i-l,  .-.11(1  -rev-a^li  cn;,ls,  condition  of 

:  the-tr,  ii  |iis--\:illry,'i.  :i77— (';h1.  anil  Vei-. 
rorkv,  1.  divi-ii>ii8.  i,  371S,  379~ge"lo-RMl 

striKTiiie,  i.  372,  37i* — south-east  divi.sion,  i.  3^1 — 
and  vicinity,  synonyms  of  coals,  ii.  222 — village,  ii. 
30. 

Tussey  Mountain,  i.  1.5.  50,  116,  117,  482,  483— anti. 
axes,  i.  514— anti.  flexures,  i.  523 — anti.  axes  of 
the  spurs,  i.  51-1 — Terrace,  Aur.  and  Mat.  rocks,  i. 
504 — dips  of  str.,  i.  507,  508 — Lev.  white  saiidst. 
and  .Surg,  shales,  i.  515— Terrace,  Lev.  greysandst., 

i.  5110. 

Tuttle's  Coal,  ii.  356. 

Twelve-feet  Coal,  details,  ii.  59. 

T\venty-eiL;ht  Feet  Coal-.seam,  ii.  51. 

Two  Lick  Creek,  ii.  690. 

Two  Lo^'  Uun,  i.  84. 

Two  Top  Mountain,  i.  262. 

Tvler  and  A;;ai(l's  Slope,  ii.  125. 

Types  of  I'alieozoic  str  ,  i.  122-148. 

Type  and  tliickness,  Umb.,  ii.  469— of  Vesp.  sandst., 

ii.  467. 

Tyrone  Gap,  i.  502 — Lev.  sandst.,  i.  553— Surg,  ore 
liinest.,  i.  553 — Township,  Cad.  and  Verg.  rocks,  i.  359. 
Uhlersvill-i  limest.  quarry,  1.  233. 
Ulodendron.  ii,  87.5. 

Uml)i-al,  Chestiint  Hill  Gap,  ii.  472— details  of,  ii. 
469— foi-iiiation,  ii.  487 — ne:ir  S.  ronton,  ii.  319 — 
fooiprints,  ii.  S31— liinest  ,  ii  472,  i.  108- Trough 
Creek  Viillty.  i,  530— Littl-  Trooul.  Creek,  i.  530— 

Yoil;,dlio:^hen  v,  il,  473 — lu  iililir:ll  ion-,  in  t.\  pe.  &C.. 

ii.  46  I— ore.  I'i.  6i'!» -oi-e-lMnos,  ii  i; I -jK-riod,  ii. 
741)— r.  a  sli:ile.  i,  I  IS.  ii,  22.  I'l,  u:,!).  -jm,  -74.  318. 
46S.  49i;.  .MIS.  .•jjo,  .,17.  .VJII— r.l-  Scroh 

Ridtre.  i  i  ;l  -l!ro;ol  .■\l"Uniuiii,  ii  !,.:! -cliarnc  tu-, 
i.  108— coio|.osilioo.  &e..  il.  9,  Id— i;e'.;;raiiliii'al 
range,  ii.  U — Hunter's  Valley,  i.  365,  ii.  12,  514— 
Red  Itidge,  ii.  287 — south  of  Gladding's  Run,  i,  575 
—Trough  Creek  Valley,  i.  531,  532. 

Umbral  rocks,  ii.  3.")^ — anthrai-ite  couritrv,  ii.  7 — bi- 
tuminous coal  region,  i.  119 — \laueli  Cliniik,  i.  144 
— Tainaqua,  ii.  76 — series,  i.  466,  757 — physical  geo- 
graphy uf,  ii.  794— shale,  ii.  451,  483,  485— Ray's 
Mill,  ii.  603— str.,  Conemaugh  Gap,  ii.  471— thick- 
nesses of,  i.  144,  146. 

Unconforniablo  continuous  sequence,  ii.  778 — inter- 
rupted sequence,  ii.  778. 

Unconformity  of  Prem.  upon  Mat.,  ii.  7S5 — of  the 
Pri.  strata  to  the  gneiss,  i.  99. 

Uiideixlay  of  coal-beds,  ii.  S02. 

Undulations,  ii.  32.').  327— of  the  basin,  ii  324— of 
crust-parallel,  ii.  88() — of  Illinois  coal-fields,  ii.  963 
— in  Sea.  strata  shown,  ii.  894. 

Undulated  zones  of  Europe,  ii.  800.  002, 

Union  Furnace,  ii.  503 — (Old)  Foriiaee,  ii.  612 — .slate 
quarry,  near  Lelii'.rh  Water. i.  248. 

Uniontown  Coal,  ii.  505,  .506,  018— bed,  ii.  620 — Prem. , 
Mer,  and  Cad.  rocks,  i.  455 — section,  ii.  624— small 
double  coal,  ii.  628. 

Unionville,  ii.  577 — limest.,  quarries,  i.  229 — serpen- 
tine belt,  i.  170. 

Upper  coal-beds,  ii.  412 — measures,  ii.  759. 

Upper  Delaware  plateau,  i.  47. 

Upper  Diamond  Coal.  ii.  131 — outcrops,  ii.  32. 

Upper  Freeport  Coal,  ii.  19. 

Upper  Helderber?  Limest.,  ii.  755. 

Upper  lakes,  lacustrine  tracts,  i.  38. 

Upper  Merrion  Township,  Aur.  limest.  quarries,  i. 
213,  214 — marble  quarries,  i.  21.5. 

Upper  Panther  Creek  Basin,  details,  ii.  29. 

Upper  red-ash  coals,  ii.  79,  SO. 

Uwchl.m  Township  iron-ore,  i.  90 — pipe-clay,  i.  87 — 

Primal  rocks,  i.  151 — Aur.  limest.,  i.  232. 
Valentine's  Hank,  pipe-ore,  i.  .500. 
Valleys  of  anticlinal  form,  i.  8 — the  Appalachian  chain, 

i.  15— boat-shaped,  i.  8. 
Valley  Creek,  Aur.  limest.  belt,  i.  211. 
Valley  Clmicli,  limest.  quarries,  i.  214. 
Valley  Forsre,  ii.  676 — Creek,  exposure  of  Pri.  rocks, 

i.  180 — limest.  quarries,  i.  214 — Pri.,  i.  151 — Pri. 

strata,  i.  158. 


Valley  of  French  Creek,  anticlinal,  i.  86. 

Valley  Furnace.  Little  Tracey  Coal.  ii.  219. 

Valleys  of  elevation,  ii.  922,  923 — -of  syn.  structure, 

i.  8. 

Vanartsdalen's  crystalline  limest.,  i.  224. 

Vandermark's  Hill,  ii.  385,  398. 

Van  Stork  ('oal  Company,  ii.  35.5 — Mine,  ii.  341. 

Vansant's  Quarry,  i.  15.'i. 

Vegetable  fossils  of  coal.  ii.  811. 

Venango  County,  ii.  491. 

Venison  Hill.  ii.  .3{i7. 

Vergent  fliifrs  in  Bradford  County,  i.  295 — in  Cata- 
wissa,  i.  140 — character  and  thickness,  i.  108 — (es- 
carpment), i.  285 — di,)-on.d  1  aniin-ition,  i.  20G — 
near  Huntingdon,  i.  140 — m  liradiord  and  Tioga,  i. 
114 — in  Lake  l^rie,  i.  578,  579 — southern  escarp- 
ment, i.  287— south  of  Huntingdon,  i.  520— thick- 
ness, i.  580. 

Ver'.:(:  iir  ir  ire.  Canoe  Run.  i.  5.'0 — rocks,  i.  113 — 

liaM  i:a.;  N  alley,  i.  540- in  Erie  and  Crawford 
cou'itie-,  I  .i  d — north  of  Lehigh  Water-gap,  i.  274 
— innii  .Miiiiey  to  Milesburgli,  i.  548 — in  north- 
eastern district,  i.  294 — -north- west  of  the  Tunkhan- 
nock  Hills,  i.  305. 

Vergent  series,  ii.  4s7.  488,  49<.  524,  540,  75f>. 

Vergent  sliale.s,  i.  :;.i(i— la  iweeii  nelmont  and  Stock- 
port, i.  301) — in  liiai.'iiM  1  aial  I  ju-a  counties,  i.  297 
— features  of  deposition,  i.  2:),s — lo-~sils.  i.  lOS — near 
Hunlingdoii,  i.  141 — on  the  Lehigh,  i.  141 — litho- 
lo^ical  features,  details,  i.  2'.i7 — iii  the  Seventh  Dis- 
trict of  Paheozoic  re.iiion,  i.  117 — oiuh  of  Corning, 
ic,  i.  311— Tioga  Ruer  aljc.ve  'Joviimton,  i.  310— 
thickness,  i.  580 — thickness  at  Huntingdon,  i.  297 — 
between  TunUliannock  and  Tuwanda,  i.  297 — Tus- 
carora syn.,  i,  390. 

Vergent  period,  ii.  749 — series,  physical  geography  of, 

ii.  792 

Vergent  strata,  ii.  546 — in  Perry  County,  i.  355,  356 — 

thickness  of,  i.  140,  141. 
Vergent  and  Umb.  strata  beyond  the  Lehigh,  ii.  4. 
Vertical  coal.  ii.  59. 

Vespertine,  ii.  48S — Astonville,  ii.  143 — cliffs,  Sus- 
quehanna, ii.  533— cont;lonierate,  i.  118.  119,  ii.  407 
—  Berry's  Mountain,  i.  yii.'i — Big  Scrub  Riilge,  i.  431 
— character  and  tliieknes-,  i.  108 — north-eastern 
district,  i.  301— Pottsville,  ii.  ». 

Vespertine,  nioditicaiions  iu  type,  &c.,  ii.  467 — ore, 
ii.  610— i>eriod,  ii.  749— rocks,  i.  529,  ii.  508,  517, 
520,  525, — anthracite  region,  ii.  ,7 — between  Belmont 
and  the  DeLiware,  i.  3' 5 — bituminous  coal  region, 
i.  119 — Brookville,  ii.  583 — composition,  &c.,  ii.  8 — 

h. ase  of  the  Pukono  Mountain,  i.  280 — above  the 
Great  Eddy,  i.  304  —  Loyalsock,  i.  22  —  Mauch 
Chunk,  on  the  Lehigh,  i.  143 — near  Pottsville,  i. 
143 — between  Mount  Aloriat  and  llonesdale,  &c.,  i. 
304 — Moosic  Mountain,  i.  304 — northern  limit,  i. 
306 — syn.  basins,  ii.  12 — Trough  Creek  Valley,  i. 
532,  533 — north-west  of  the  Wyoming  Basin,  i.  305. 

Vespertine  sandst.,  i.  108,  577,  ii.  4,  483,  485,  487, 
493,  498,  509,  526— between  Belmont  and  Stock- 
port, i.  306 — on  the  1 1.  l.iware,  i.  304 — geographical 
range,  ii.  11 — near  Kiio.wille,  i.  312— Seventh  Dis- 
trict, Palzeozoic  iei;ion,  i.  117. 

Vespertine  series,  ii.  406,  523,  527,  756 — physical  geo- 
graphy of,  ii.  793. 

Vespertine  strata  in  Alleghany  Mountain,  ii.  143 — 
mountain-gaps  of  Broad  Top  region,  i.  528 — thick- 
nesses ol,  i.  142,  144. 

Vespertine  and  Unib..  ii.  321. 

V^iaduet,  ii.  494 — vieus  tntni  the  interior  basins,  i.  24. 

Vincent's  Quarry.  iaii|.lni;_!-stone,  i.  583. 

Virginia  oolitic  limest,.  i.  23S — .\lesozoic  coal,  ii.  76.3 — 

Pliocene  and  Pleistocene,  ii.  772 — western  border,  i. 

120. 

Wabash  Creek  and  Newkirk  Basin,  ii.  102. 
Wabash  Valley,  ii.  96. 
Wailesville,  ii.  424. 
Wadliam's  Seam,  ii.  408. 

Waggoner's  Jlill,  ninth  anti.  .axis,  i.  316— Surg,  ore 

sandst..  i.  340. 
Waggon  Town,  i.  84. 
AVagner's  Tunnel  Coals,  ii.  169. 
Wakelield's  KocU,  Siiig.  fo^^iliferous  ore,  i.  432. 
Wales,  Great  South  Coal-held,  ii.  977. 
Walkerville,  liinest.  rocks,  i,  502. 
Wallace's  Mill,  i.  ."iii2.  ii,  (iiii. 

Wallenpauijack  Pon.  rocks,  i.  299,  300— structure  of 

the  region,  i.  .'S03. 
Wain  Coal,  ii.  138. 
Walnut  Creek,  i.  578. 
Walpacic,  axis  at  Stroudsburg,  i.  282. 
Walpack  Bend.i.  113— to  Delaware  Water-gap,  Cad. 

rocks,  i.  281. 

Wapwallopeii,  i.  119.  ii.  5 — Cfid.  and  Verg.  rocks, 

i.  452 — Mountain,  i.  118— Valley,  anti. axis,  i.  462— 
Vesp,  conglomerate,  i.  .302. 

Warm  Spring,  Mer.  sandst.,  i.  354 — Surg,  rocks,  i. 
343. 

Warren,  ii.  557 — County,  i.  120 — topographical  fea- 
tures, i.  576 — ironworks,  i.  419,  424,  429 — section, 
ii.  597 — Vespertine,  i.  144. 

Warrior  Path  Gap,  Ser.  series,  i.  148 — Ridge,  i.  50 — 
iron  ore,  i.  524 — Mer.  sandst.,  iron  ore,  i.  518 — 
po.sition,  i.  513,  515. 

Warwick  Furnace,  Aur.  limest  ,  i.  232 — Iron  Mines, 
i.  85,  ii.  707,  708. 

Washburn's  Land,  ii.  341 — Mine,  ii.  341 — Diamond 
Coal-seam,  ii.  354. 


Wa.shington  Bank,  pipe-ore,  i.  499 — County,  ii.  648 — 
Gap,  i.  4»7,  489 — character  of  str.,  i.  496 — furnace, 
i.  496 — Double  Gap,  i.  487— Run,  ii.  611. 

Washita  HUls,  ii.  747. 

Waterford  Bridge,  Cad.  slate  and  limest.,  i.  394 — 

Lake,  i.  39— .Mer.  .sandst.,  i.  389. 
\\'ater-gaps,  i.  2S,  29. 

Waterloo,  Cad.  and  Verg.  rocks,  i.  393— Gap,  Mer. 

sandst.,  i.  389 — Sea.  marls,  i.  381 — Sea.  and  Prem. 

limest.,  i.  387. 
Water-shed  aiid  basin  of  Carter's  Tuscarora  Slope,  ii 

30. 

Water-shed,  chief,  i.  2 — in  Potter  and  M'Kean  counties, 
i.  35— between  the  Conestoga  and  South  Branch  of 
French  Creek,  i.  179. 

Water-sheds,  i.  39,  40. 

Water  Street  Gap,  Lev.  red  sandst.  and  white  -sandst. . 

i.  129,  130— scenery,  i.  50. 
AVatham's  Coal,  ii.  412. 
Wave-like  foi  ui  of  upraised  strata,  ii.  885. 
Waves,  their  forms,  ii.  8S8. 

Waynesburg,  Aur.  str.,i.  258 — Cad.  older  black  slate, 

i.  400— Coal,  ii.  19,  506,  507,  647,  650— and  Emmets- 
burg  turnpike,  i.  206,  207 — limest.  valley,  i.  204 — 
Pri.  sandst.,  ami.  flexures,  1  204 — Surg,  and  Sea. 
rocks,  i.  413. 

Wayne  County,  carb.  rocks,  ii.  4 — Township,  calc. 

limest.,  i.  584. 
Weaver's,  on  Muddy  Creek,  anti.,  ii.  160,  161. 
■VVekhe's  Knob,  i.  334 — 18th  and  IHth  anti.  axis,  i. 

317 — iron  sandst.,  i.  344 — Surg,  rocks,  i.  343. 
Wellsborough,  ii.  484,  485 — liiuestone,  L  312 — raonn. 

tain  escarpment,  i.  312 — Pon.  rocks,  L  300 — Vallev, 

ii.  524— Vesp.  rocks,  i.  143. 

Welsh  Mountain,  ii.  3— anticlinal,  i.  221,  22"2 — Pri. 

white  sandst.,  i.  156 — Pri.  rocks,  i.  Ill,  17S,  179. 
Well's  Valley,  flexures  of  str.,  L  530. 
Weposening,  anti.  axis,  i.  306. 
West  Beaver  Creek,  ii.  244. 

West  Branch,  ii.  4Jt) — Ba-sin,  Bro.ad  Mountain,  ii.  224 
— of  the  Brandy  wine,  gneissic  rocks,  i.  84,  177 — coal- 
basin,  details,  ii.  2'26 — Gap,  Twin  Vein,  ii.  170 — 
Mine  Hill  Gap,  Black  Valley  Coal,  ii.  217— Prim- 
rose Coal,  ii.  217 — river  drainage,  i.  35 — stream, 
anti.  axis,  ii.  162 — Susquel.anna,  i.  120,  14(> — ,Sus- 
quelianna  Cad.  and  Verg.  rocks,  i.  452 — Valley,  ii. 
84 — scenery,  i.  31. 

West.  Branch  and  Wolf  Creek,  ii.  230. 

West  Cain  Township,  Pri.  str.,  i.  177. 

West  Chester  Barren.s,  serpentine  belt,  i  168,  169 — 
serpentine  in  use,  i.  169. 

West-end  Northern  Coal-field,  ii.  404. 

Western  Middle  Coal-basin-s,  i.  118 — lield,  ii.  7 — Umb. 
red  shale,  ii.  12.  205. 

Western  Mine  Hill,  structure,  ii.  200. 

Western  Shade  Mountain,  i.  367. 

Western  Shaniokin  Coal-field,  ii.  316. 

Western  slope  of  Pennsylvania,  climate,  i.  52. 

West  Grove  Friends'  Meeting-house,  i.  226 — limest. 
quarries,  i.  227. 

West  Mahautango  Creek,  i.  115. 

West  Marlborough  Inn,  serpentine,  109  —  Bailey's 
limest.  quarry,  i.  229 — township,  limest.  quarrie.s 

i.  230. 

Westmoreland,  Umb.  rocks,  ii.  11. 

'West  Norwegian,  ii.  35,  141,  143,  424— Creek  Valley, 

mining  details,  ii.  85 — Little  Diamond  Coal,  ii.  14S 

— Upper  Sandrock  Coals,  ii.  162. 
West  Peach  Mountain  Basin,  ii.  44. 
West  Pikeland  Township,  syn.  axis,  i.  86. 
West  Salem  Collieiy,  ii  186. 
West-town,  mica  shite,  i.  77. 
West  Vincent  Township,  syn.  axes,  i.  86. 
'W'est-West  Branch,  ii.  431 — anti.  axis,  ii.  160 — Big 

Diamond  Coal,  ii.  153,  154 — Black  Valley  Coal,  ii. 

217 — mining  details,  ii.  84 — Peach  Mountain  Coal, 

ii.  34 — synonyms  of  the  coals,  ii.  223. 
"  Weygatc,"  i.  94. 

Wliampoa  Hill,  ii.  576. 

Wh.irtou  Slope,  ii.  248 — Vein  Tunnel,  ii.  245. 
Wheatfield  Mines,  ii.  717. 
Wheatlev's,  ii.  676. 

Wheailey  Lode,  ii.  700— in  1853,  ii.  703. 
Wheeler  and  .Miller's  Colliery,  ii.  440. 
Wheeling,  ii.  506. 
Whip's  Cove,  Pon.  rocks,  i.  533. 

While-ash  anthracite  coals,  ii.  66,  290,  308 — east  of 
Dado's  Tunnel,  dip,  ii.  37,  233— east  of  Klinger's 
Gap,  ii.  164— Klinger's  Gap,  ii,  189,  328— Eastern 
Mine  Hill,  ii.  200— Mill  Creek,  ii.  229— Dona]<lson 
Basin,  ii.  181  —  Mill  Ci-eek,  ii.  420  —  south-west 
branch  of  Mine  Hill  Basin,  ii.  211 — Silver  Creek,  ii. 
228 — south  of  the  Swatani  Falls,  anti.,  ii.  155  — 
Tamaqua,  ii.  76 — Tamaqiia  to  BuckviUe,  ii.  222 — ■ 
Thick  Mountain,  ii.  231 — -West  Branch  and  Wolf 
Creek,  ii.  230 — (Lower  and  Upper  Groups),  Little 
Schuylkill,  ii.  227. 

White-ash  Mammoth  Coal  in  basin  of  Carey's  Shaft, 
ii.  38. 

Whiteday  Creek,  liornblendic  gneiss  rocks,  i.  81,  82— 

limest.  quarries,  i.  227. 
Wliitedeer  Creek,  i.  457 — ^anti.  axis,  L  466 — Surg,  red 

shale.  Sea.  limest.,  i.  455. 
Wliitedeer  Hole  Valley,  i.  116,  455,  489 — Cad.  and 

Verg.  rocks,  i.  439 — Prem.  limest.,  i.  453. 
Wliitedeer  Mountain,  i.  485 — Lev.  white  sandst. ,  i. 

458— pictorial  sketch,  i.  50— Lev.,  Surg.,  and  Sea. 

strata,  i.  458. 
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Wliitedeer  Valley,  i.  116,  489— Cad.  .shales,  i.  139— 

Mer.  rocks,  i.  137,  138. 
Whitehaven  Railroad,  ii.  377 — tampike  exposures  on, 

ii  3S:;. 
Wluteley  Creek,  ii.  647. 

Whiteuiarsh,  anti.  ridge,  i.  163 — marble  quarries,  i. 
215. 

White  Mountain,  i.  481 — origin,  L  457. 

White  Oak  Hollow,  ii.  323 — Hun,  conglomerate,  ii.  333. 

White  River,  ii.  771,  772. 

Wliite  Stone  Valley  Lev.  and  Surg,  rocks,  i.  512.  513. 
Whitestown.  ii.  690. 
White's  C'llliery,  ii.  437. 
White  Sulpljur  Spring,  i.  511. 

Whitfield's  Lower  Tunnel,  White-ash  Coals,  ii.  86— 
Tunnel,  ii.  104 — Upper  Tunnel,  Big  Coal,  ii.  105— 
Mammoth  Coal,  ii.  216. 

Wickert's  Mine,  ii.  725. 

Wiconisco  Basin,  ii.  163 — boundaries,  dimensions,  ii. 

27— Basin,  ii.  20,  164,  440— details  of  the  strata,  ii. 

189— Klinger's  Gap,  ii.  190. 
Wigfield's  Mill,  section,  i.  510. 

Wildcat  Mountain,  anti.  fle.xures,  i.  2S9 — Ridge,  i.  337, 
392— belt  of  limest.,  i,  346— Cad.  and  Verg.  rocks,  i. 
3.57— Mer.  sandst. ,  i.  351 — and  Valley,  Cad.  and 
Verg.  rocks,  i.  391 — structure,  i.  357. 

Wildcat  Valley,  i.  114— Pon.  red  sand.st.,  i.  363. 

Wilco.x's,  ii.  551— Coal.  ii.  374,  375— Mine,  ii.  368. 

Wilkesbarre,  ii.  377 — Basin,  ii.  380— Company's  Coal, 
ii.  394 — Coal-seam,  ii.  322 — Nanticoke  and  Shick- 
shinny  districts,  ii.  376 — details  of  the  coals,  ii.  330 
— turnpike  coal-boring,  ii  202 — Pon.  rocks,  i.  286. 

William  Penn  Colliery,  ii.  429 — furnace,  i.  164 — (No. 
1)  gneissic  rocks,  i.  73.  74 — (Xo.  2)  small  quarry,  i. 
75 — furnace  No.  1,  gneissic  rucks,  i.  79. 

Williams  Valley,  lower  conglomerates,  ii.  179— 10th 
anti.  axis  in  the  Umb.  red  shales,  i.  316. 

Williamsburg,  Aur.  rocks,  i.  505. 

WilUamsport,  coal  at,  ii.  641. 

Will's  Creek,  coal-basin,  ii.  15 — Mountain,  i.  19,  117. 
Will's  Mountain,  i.  117 — anti.  axis,  i.  469 — Prem. 

and  Mer.  strata,  i.  562— anti.  flexure,  i.  510 — anti. 

knobs,  i.  506— Cad.  and  Verg.  rocks,  i.  569— Surg. 

rocks,   .  560 — strata  at  the  Maryland  Line,  i.  567. 
Willistown,  serpentine,  i.  169,  170. 
Willow  Grove,  belt  of  Prim,  rocks,  i.  Ill,  122- limest. 

basin,  i.  1.59 — Prim,  sundst.,  122 — Tavern,  Prim. 

rocks,  i.  206 — Prim,  rocks,  155— turnpike,  Prina. 

rocks,  i.  160 — Surg,  rocks,  i.  571. 
Wilson's  Creek,  ii.  523. 
Wilsonville,  oxide  of  manganese,  i.  304. 
Wind,  at  Carlisle  Barracks,  i.  57,  58— at  Pittsburg,  i. 

57,  58. 


Wind-gap,  i.  7 — position  and  structure,  i.  2S7 — Post-  , 
mer.  limest.,  i.  282— ro.ad,  i.  95— Sea.  limest.  quarry,  1 
i.  287— Surg,  red  shales,  i.  287.  I 

Wind-gaps.  i.  28. 

Wind-river  Mountains,  ii.  747. 

Winds,  i.  57 — dominant  in  Pennsylvania,  i  57,  58 —  ' 
at  Fort  Miffli-i.  i.  58. 

Windy  Harbour  Colliery,  ii.  419. 

Wire-ropes,  ii.  74. 
I   Wissahickon,  anti.  belt  of  Trim,  rocks,  i.  164 — Creek, 
talc-slate,  steatite,  and  serpentine,  i.  72 — section,  i, 
I      72 — serpentine  belt,  i.  167 — gneissic  rocks  dip,  i.  97 
I      — micaceous  and  hornblendic  gneiss,  i.  71' — mica 
I      slate,  i.  77 — northern  tract  of  gneiss,  i.  77 — Prim,  j 
I      series,  i.  122 — thickness,  154,  155 — Prim,  strata,  i.  [ 
I      158,  159— steatite  and  serpentine,  i.  167. 

Witchita  Mountains,  ii.  747. 

Wolf  Creek,  ii.  225.  429— Primrose  Coal,  ii.  217—  j 
Little  Diamond  Coal,ii.  148 — Spencer  Coal-seam,  ii. 
153 — Avir.  limest.  expusures,  i.  242. 

Wolfs  Old  Quarry,  i.  95. 

Womelsdorf  iron  ore,  i.  251. 

Wompum  Hill,  ii.  567.  j 
Wood's  Chrome  Mine,  i.  171.  [ 
Woodcock  Valley,  character,  &c.  of  the  formations, 

i.  522 — Sea.  limest.,  i.  518 — structure,  jiosition,  i. 
523— Surg,  ore,  i.  516— at  Trough  Creek  Gap,  i. 
524. 

Woodley's  Mill,  Cad.  and  Verg.  rocks,  i.  548. 

Woodside,  ii.  432— anti.,  ii.  41. 

Woodstock  Valley,  Mer.  sandst..  i.  525. 

Woodville  Colliery,  ii.  43S. 

Worral's  ore-bank,  Surg,  fossiliferous  ore,  i.  432. 

AVorthen,  Mr,  cited,  ii.  964. 

Worthington,  ii.  492,  595. 

Wortz's  Well,  ii.  605. 

Wr.ay'3  Hill,  ii.  24,  449,  451— iron  ore,  i.  530— Pon. 

rocks,  i.  527. 
Wright's  Coal,  ii.  109,  .398,  564. 
Wurth's  Farm,  serpentine  and  steatite,  i.  169. 
Wvalusing,  ii.  482— springs  of  salt  water,  i.  306 — 

Falls,  li.  4S0— anti.,  i.  295,  305. 
Wyoming  Basin,  boundaries,  ii.  21 — conglomerate, 

ii.  23 — Pon.  strata,  i.  142— Umb.  rocks,  ii.  10 — 
Umb.  series,  i.  144. 

Wyoming  Coal-basin,  i.  116, 119— general  structure, 
ii.  323— Pon.  rocks,  thickness,  i.  300 — Vesp.  rocks, 
i.  143. 

Wyoming  Coal  Company,  ii.  402. 
Wyoming  Coal-field,  i.  15,  48,  294,  ii.  3,  6— Vesp. 
strata,  il.  8. 

Wyoming  Coal  Valley,  i.  452.  I 
Wyoming  and  Kingston  Flats,  drift,  i.  48.  | 


Wyoming,  Kingston,  and  Plymouth  District,  ii.  405 
— details  of  the  coals,  ii.  330. 

Wyoming  and  Lackawanna  Basin,  general  view  of 
tlie  strata,  details,  ii.  319— Serai  series,  i.  147 — un- 
dulations of  the  Coal -measures,  ii.  324. 

Wyoming  Mountain,  mono,  crest,  i.  15. 

Wyoming  Valley,  i.  48 — scenery,  i.  31. 

Wysock's  Bend,  ii.  482. 

Wysox  Creek,  Verg.  and  Pon.  strata,  i.  306. 

Xander's  Mine,  ii.  723. 

Yankee  Run,  Nittany  Mountain,  i.  492. 

Yard  Coal,  ii.  138— Mill  Creek,  ii.  173,  219— of  East 
Norwegian,  ii.  135,  136. 

Yates'  Coal,  ii.  366,  367,  374. 

Yellow  Bieeehes  Creek,  i.  203,  257,  258,  ii.  678. 

Yellow  Creek,  i.  504,  507— Gap,  i.  529— iron  ore,  i.  525. 

Yellow  Springs,  Aur.,  i.  231 — iron-ore  deposits,  i.  87. 

Yellow  Spring  Gap,  Serai  scries,  i.  146 — outcrops  of 
the  coal-beds,  ii.  196— Run,  ii.  610. 

Yellow  Tavern,  conglomerate,  i.  102. 

York  Aur.  limest. ,  i.  222 — Company's  Coal-basin,  ii. 
248— Slope  Colliery,  ii.  247— County,  anti.  belt  of 
Pri.  slate,  i.  184 — flexures,  i.  192— slate  quarries,  i. 
188. 

York  Furnace,  Otter  Creek,  limest.  band,  i.  187. 
Yorkliaven,  ii.  657. 

Yorksliire  and  Great  Central  Coal-field,  ii.  979. 
York  Springs,  ii.  689 — Tunnel,  ii.  42,  434— Deep 

Run,  ii.  177. 
York  Valley,  limest.  belt,  i.  185. 
Young  Man's  Town,  i.  457. 
Young's  Tavern  to  Ranglcr's  Mill,  i.  457. 
Young  Woman's  Town,  ii.  526,  534. 
Young  Woman's  Creek,  i.  60. 
Youtigstown,  ii.  488. 

Youghiogheny,  ii.  25,  498,  499,  503— River,  i.  33,  ii. 

(il5— sections,  ii.  621,  624,  636,  637,  641,  660. 
Youghiogheny  section,  ii.  610,  fill. 
Youhioglieny  Valley,  ii.  665. 

Zachariah's  Run,  ii.  128,  419— coal-beds,  ii.  91  — 
collieries,  ii.  31 — coal-mines,  ii.  85 — details  of  coal- 
beds,  ii.  123— section,  i.  129 — synonyms  of  coals, 
ii.  222. 

Zelienoplc section,  ii.  579, 

Zeolite  in  interstices  of  trap-rock,  ii.  692. 

Zerbe's  Gap,  ii.  309— coal-seams,  ii.  309,  311— Coals, 

ii.  31,3.  314 — Renuie  Coal,  ii.  308 — Serai  series,  i. 

147— Twin  Coal,  ii.  ,300. 
Zerbe's  Run,  ii.  308 — coal-seams,  ii.  311 — coal,  ii. 

1014 — and  Shamokin  Coal-lands,  ii.  309. 
Zeuglodon  cetoides,  ii.  769. 

Zinc  Mine,  north  of  Friedensville,  i,  236— near  Sau- 
con  Valley,  i.  101. 


THE  END. 
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ERRATA  IN  VOL.  II. 


Page   7,  line  24,  after  Part  II.  of,  read  the  lower  carboniferous  strata,  their,  <tr. 
„    14,  line  42,  erase  Levant. 
„    86,  line  39,  for  3Iilh  read  Milnes. 
„  110,  line  33,  for  600  read  575. 
„  110,  line  35,  for  100  read  70. 
„  110,  line  38,  for  2  read  7- 
„  110,  line  39,  for  4  read  5. 

„  113,  line  16,  for  400  read  55,  and  for  450  read  470. 

„  113,  line  19,  for  303  read  635. 

„  153,  line  20,  before  White-ash  Coal  in.sert  Andersmi. 

„  171,  line  22,  for  169  read  134. 

„  171,  line  26,  for  85  read  65. 

„  172,  line  14,  for  200  read  187. 

,,  175,  line  32,  for  Crescentville  read  Cresaonville.-' 

„  177,  line  33,  for  Anderson  read  Kear,  and  for  Kear  read  Anderson\ 

„  185,  title  of  woodcut,  for  Hehhard' s  read  Ebert's. 

.,  193,  line  29,  for  Bear  read  Lich. 

„  202,  line  25,  for  Old  Colliery  Gap  read  Old  Gap  Collieri/. 
„  207,  last  paragraph,  for  180  read  122. 

211,  line  23,  after  Westward,  read  as  a  heading.  Of  the  north-western  branch  of  the  Mine  Hill  Basin. 
„  250,  under  Jeanesville,  for  2  feet  3  inches  is  coal,  read  2  feet  3  inches  is  slate. 
„  265,  line  18,  after  Big  Mine  read  Run. 
„  348,  title  of  woodcut,  for  looking  N.E.,  read  looking  S.W. 
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